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Preface 

A decade ago UNIOO started its series of annual global reports on industry and development analysing 
major trends in the world industrial economy and its regional and sectoral components. Over that pc:riod. the 
reports addressed a number of special themes. such as South-South trade, the environrll\!ntal impact of 
industrialization. energy consumption by indusrry. financial innovations and privatization. and advanced a 
consistent view that for most developing countries sustained industrial growth is an essential component in 
an effective anti-poverty strategy. 

At the same time. the Organization lent an active operational dimension to that vision mainly through 
its technical cooperation projects directed towards ind~stries and industrial institutions and its investment 
promotion activities. 

The decade has seen far-reaching changes. Trade has replaced aid as the major vehide for industriali-
1.ation. Private capital in search of profit opportunities flows to open economies willing to adapt and aJjust 
their structures to market forces. Technical assistance is no longer the bottleneck. The crucial factors arc 
managerial decisions about marketing and finance. legal obstacles and government assistance. international 
commercial barriers and opportunities. Today countries know what they need and where they can get it. and 
their Governments have assumed an enabling rather than a regulating role in the process of industriali7.ation. 

The world industrial economy is shifting its centre of gra\·ity away from Western Europe and :\orth 
America to East and South-East Asia. The challenge" are more economic than technical. Industrial tech
nology is changing rapidly. The vertically integrated. mass-production Fordist technology has yielded 111 
flexible. limited batch production with just-in-time inventory and geographical division of labour. Processes 
are subdivided and linked by low-cost commuai~ation and transport. 

Against this backdrop of monumental change IJNIDO should reassess its role. How should UNllX) sec 
its role? It must of course continue to promote industrializati<'ll wherc\·er and whenever it can. yet the old 
boundaries between industry anc! agriculture and between industry and ~ervices arc fast dissolving. Informa
tion is perhaps the most crucial input in all products. and innovarion the constant need and challenge. 

A complete package of economic advice rather than discrete expertise in engineering. production or 
project evaluation will be in increa~ing demand. Not only improved production. but also sound financing. 
effective marketing and innovative thinking determine the future of factories across the world. Dome, tic 
markets can no longer be insulated from external competition. nor can !hey form the limit of indu-.trial 
expansion. Countries and companies alike will need advice and guidance on the manifold problems of 
surviving in a competitive and rapidly changing world. 

Chapter I of this year's edition of the Global Report show\ that 1993 has hccn a year of induslrial dedinc 
in Western Europe. faltering revivals in North America and Japan. and continued transi1ional diffo:ultic-. in 
Eastern Europe and the former Union of Soviet 3ocialist Republics. Moreover. the chapter provide-. ,!Jort
term growth forecasts for 136 developed and developing countries. These fnrccasrs arc ba'ic•I on l '.:\11>0 
databases and on various scenarios which reflect current global economic realities; they arc current as of mid
July 1993. 

The global reces'lion which began in 1990 is still conlinuing. In glohal terms it is considcr;1hly le" 
severe but more enduring than the recessions of I 975 and 1981. This is due to the hroad divergence in the 
business cycle downturns afflicting the major dr.veloped economics. Rc1.ovcry can he scc~n to have 'larted 
in the United States of America. while both Japan and the United Kingdom of Great Rritain ;ir.d Northern 
Ireland arc about to recover. industrial output is still falling in Italy and France. and ihe downturn is ljllilc 
steep in Germany. 

The combined effect of these a-;ymmctrical husincss cydcs is 1ha1 global recovery is wc;1k. the mwall 
downturn is non-scv~re hut prolonged, and when the delayed overall upturn docs rnme. ii will nor he 
vigorous. This scenario obviously causes glohal imhalances hoth 1;i trade and finam:c. up-.clling interest ;and 
exchange rates. It has already led 10 ;• fracturing of the exchange rnle mcchani-.m and nsl sc1111~ douh1 on 
a future European monetary union. Given the nalure of this glohal recession. however. mo-.1 developing 
c,mntrics have avoided its worsl impact. The exceptions arc lhc cxpmt-depcndent newly indu,1rial11ing 



~ounlries of East and Soulh-Ea.o;t Asia. While the Af ric:an economies bave remaineJ stagnant. registering linle 
impacl from rising or falling commodity prices. Latin America aud the rest of Asia seem sel for strong 
rel·owries. This illuslr.ues lhe important point that through their interdependence with the global economy. 
Je\·duping countries are less rnlncrable to changes in output of a cyclical nature in the developed world than 
to lhe impact of policy changes in developed l.·ountries reflected in short-term interest ntes. varying exchange 
rates and national anti-intlationary policies. The short- and long-term industrial prospects of lO major regions 
and subregions in the world are reviewed in chapter II. supported by an analysis of the macmt!l.-onomic 
en\"irnmm:m. 

Economists and pohcy makers have fundamentally changed their way of thinking about the role of trade 
in industrializalion. The ffil>re recent key notions seem to be liberali1.ation of trade regimes ba'ied on mar
ket incenli\"es and export-oriented industrialization. Chapter Ill of the "fobal Report examines c:oRl.-eptual 
issues and empirical evidence related to trade a'i an effective instrument for accelerating industrialization in 
developing countries. A comparative a'isessment is provided of the validity and relevance of export-led 
induslrialization slrategies in selecled de\'doping countries in the Asian and Pacific: region and sub-Saharan 
Africa. A particular focus of the chapter is an examination ba'ied on input-output techniques of the impli
calions ,lf grealer reliance on market force-. and the rule of the State in industriali1.ation via trade. The chapter 
concludes with an assessment of the poliq· implications of the empirical findings related to developing 
counlries in the Asia and Pacific region and their appli~ ability to sub- Saharan Africa. 

A" usuai in lhc Gl11l1e1l Rr/niri. the concluding chapter presents surveys of various bram:hes of manu
facluring industry. Slatistical infom1ation is provided on current supply and demand conditions. trade pat
terns. prnfils and losses. producliun cost. capacity utili1.ation and. where possible. employment. Restructuring 
is examined al the subsector le\·el using mea.-.ures of ln-ercapacity. shonages. changes in output composition 
of foreign direct investment anJ lhe role of gowmment. Manufacturing capacity in developing countries is 
al·1.:-orded Spl'l"ial emphasis. with a focus on the build-up of producti\·e capacity. project investment plans. 
profit potenlial en\"imnmental impact and technological trends. Finally. the short- and medium-term outlook 
for demand. prices. employment. trade and investment are presented, within the context of the globali7.ation 
of indu,.trial structure and changing international division of labour. The subsectors examined arc: numeri
cally controlled machine lools. power-generating equipment. fork-lift trucks. fertili7.er equipment. high-value
added steel products. semiconductors. advanced engir.eering materials. fine chemicals. petrochemicals. mar
ket pulp. copper processing. cocm processing and seafood processing. 

As a global institution. UNIDO has always championed the industriali1.ation of the poorer four fifths of 
the world. and dl;trtcd their progress towards that goal in previous Global Rt•11ort.'i. The task is now even 
more compkx •md urgent as the fledgling industries in many of those countries face the harsh winds of 
compelition. To survive and thri\·c in a dynamic market environment requires access to special skills and 
knowledgt•. 

It is my inten,ion to ensure that ENID<> continues to be a major source of the advice that developing 
countries m:ed. It is quite apparent that the Organi1.ation no longer will .:njoy its previous predominance in 
this area. The nature of the world ha-. changed. and so has the context in which UNIOO operates. UNIOO 
must face up to the challenge of \\.inning the market for providing advice and assistance in face of many 
pri\"ate as well a" some govemmcnlal competitors. VNIDO must continue tl' be an agent of change; it cannot 
hl:come its victim. 

li!'!IDO is thus reconsidering i1s role as an international development institu1inn. reassessing its mode 
of oper;1tion and defining 1he future r;mge of services. The changes now under discussion will revitalilc the 
organi1a1i'm ;md enhance ils performance. They will reflecl three main themes: a greater demand-orientation 
of the Organil;llion·s work: a reprinritiza1ion of its mandate. and a dear focus on compara1iw advanla~cs: 
;mJ the in1rnduction of innovative ideas lo increase the effectiveness of its work. The coming year will. I 
1mst. sec the organi1a1ion assumint= a new effective role and lhc world industrial economy taking a tum for 
1h.: heller. 

,., 

M:\lJRIC'IO l>E MARIA Y CM•fPOS 
l>irrcror-< ;,•nrml 
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Preface 

Voita dix ans que l'ONUDI && lance sa sene de rapports annuds sur l"indu,.trie et le Jeveloppcment Jans 
le monde Jans lesquels sont analysees les principales tendances de I' economic industrielle mondiale ct de ses 
composantes regionales et sectorielles. Au cours de ces dix annees. les rapports ont porte sur divers themes. 
dont les echangcs Sud-Sud. les effets de !'industrialisation sur l'environnement. la consommarion d·energie 
dans rindustrie. les inr.ovations financieres et la p:ivatisation. mais dans chacun d' entre eux on retrouve le 
meme point de vue. a savoir que pour la plupart des pays en developpement une croissance industrielle 
soutenue constitue un element essentiel d'une strategie efficace de lune contre la pauvrete. 

L'ONUDI a traduit ce point de vue dans les fails par le biais. essentiellement, de ses pmjets de coopera
tion technique a r intention Jes industries et des institutions industrielles et de ses activites de promoti~n des 
investissements. 

Pendant ces dix annees se sont produits des changements profonds. Le commerce a remplace raide 
comme principal instrument de !'industrialisation. Les investisseurs prives a la recherche d·occasions de 
profits affluent vers les pays a economic ouverte prets a s'adapter et a ajuster leurs structures en fonction des 
forces du marche. L ·assistance technique n ·est plus I' obstacle a surmonter. Les facteurs fondamentaux sont 
desormais les suivants : decisions a prendre par les responsables d' entreprises en matiere de commerciali
sation et de financement. difficultes juridiques et aide Jes pouvoirs publics. obstacles aux echanges ct 
debouches au niv.::au international. Aujourd·hui. les pays savent ce dont ils onl besoin et ou ils pcuvent 
l'obtenir et les gouvemements interviennent dans le processus d'industrialisation davantage pour faciliter que 
pour reglementer. 

Le centre de gravitc de l'industrie mondiale est en train de se deplacer de !'Europe occidentale et de 
l'Amerique du Nord vers l'Asie de rE"t et du Sud-fat. Les defis sonl plus economiques que techniques. La 
technologie industrielle est en evolution rapide. La technologie fordiennc basee sur rintegration verticale et 
la production en grandc serie a laisse la place a une production par lots en flux tendu offrant plus de souplesse 
et s'accompagnant d'une division geographique du travail. On assiste a un cdatement des operations. dont 
la cohesion est ncanmoins assuree par des communicat;ons et des transports pcu couteux. 

Compte tenu de ces changements radicaux, l'ONUDI devrait revoir son role. Comment doit-elle le 
com.:evoir '? L'Organisation doit bien evidemment continuer de promouvoir !'industrialisation ou et quand 
elle le peut. mais les anciens clivages entre l'industrie et !'agriculture et entre l'industrie ct lcs services 
disparaisscnt rapidement. L'information est !'element pcut-ctre le plus important de tout produit et !'inno
vation est devcnue une necessite aussi bien qu'un defi permanent. 

Au lieu de connaissances specialisecs ponctuelles en maticre d'ingenierie. de production ou d'evaluation 
des projets. cc seront des services consultatifs intcgres dans le domaine economique qui seront de plus en 
plus dcmandes. L'avenir des entreprises. Jans le monde cn1icr. depend non sculemcnt J'une amelioration 
de la production. mais egalcment d'un financement rationncl, d'une commercialisation efficace et d.idees 
novatrices. Les marches interieurs ne peuvent plus fare protegc~,. de la concurrence extcrieure ni constituer 
la limite de !'expansion industrielle. Les pays comme les entreprises auront hesoin d'avis ci d'orientations 
pour rcsoudrc lcs trcs nomhreux problemes que pose la survic dans un monde concurrentiel et en evolution 
rapide. 

Le chapitre premier de la prcsente edition du Rapport montre que l'annec 1993 aura etc marquee par 
un dcclin industricl er. Europe occidentak, une timide reprise en Ameriquc du Nord ct au Japon ct la 
pcrsistance des prohli:mes de transition en Europe oricntale ct dans I' ex-Union des Rcpuhliqucs social isles 
sovictiqucs. JI donne en outre. pour I 36 pays dcveloppes ct en developpcment. des previsions de croissance 
i1 court tcrmc partant de la mi-juillet 1993. qui mnt fondccs sur les hases de donnces de l'ONUDI ct sur 
divers scenarios tenant comptc des rcalitcs cconomiques actucllcs dans le mondc . 
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La rfression monJiak qui a conuncn..:e en 199<) sc poursuit. Dans I' ensemble. die est heaucoup moins 
gr.t\'C mais he<lUl.:OUp plus pcrsistanle quc ks recessions Je 1975 Cl Je 1981 en raison Jes granJcs Jiffercn-
1.:CS Jans k renn:r..cment Jc la conjon..:ture economiquc quc subisscnl ks principaux pays Jen·loppes. On 
pcul ..:onsiJcrer ljUe la reprise s"cst amon.·Cc: aux Etats-l:nis Cl qu"dlc commcn"-era bientl'>l au Japon et au 
Royaume-l:ni. mais la proJm:tion inJustridle Jiminue cn..:ore en halie et en France ct le tlt.~hisscment de 
racti\"ile esl a.'iSCl marque en Alkmagne. 

Ces conjunctures a.'ymetriques proJuiscnt la situation sui,·anle : la reprise. a rechclle monJialc. est 
faitilc. la Je!crioration gfofr.ilc J1..· la rnnjoncture n"cst pa' grave. mais clle persistc. et la reprise c.lc racti\"ite. 
lorsqu"clh: aura effecti,·emcnt lieu. ne sera pas \"igourcusc. Ce scenario engcnJre de toute e\·iJcnce des 
J1..~~uilihres monJiaux a la fois c.lans ks echanges et lcs finances. en perturhant les taux d"interet et lcs taux 
de ..:hangc. II a Jeja cntr.iine unc fracture Jans le mecanisrnc des taux de change el seme ljUelqucs doutes 
quant a l"a\"enir Jc runion monetaire europt..~nne. Etant donne sa nature. cette n!«..-essi<'n monJiale n·a 
..:cpenJant pas frappe Jc plcin fouet la plupart des pays en devcloppement. a rexception des nouveaux pays 
inJustrieb d" r\..ic de rEst et Ju Sue.I-Est qui sont tributai~s Jes exportations. Si reconomie de" pays africains 
a continue de stagner. peu ll'uchee par l·'s effets de la haussc ou de la baisse des prix Jes pmJuits de ha.-;e. 
r Ameriquc latinc ct le rcste Jc r Asic. par contre. semblent de\"oir connaitre unc forte relaoce. Cettc situalion 
illuslre un point important. a sarnir que lcs pays en de\·elopperncnt. de par leurs liens d"interdependance a\·ec 
l"economie nklndiale. sont moins \"Ulncrables aux flm:tuations cycliques de la production Jans les pays 
dcwlop~s qu"aux effets Jes changerncnts de policique Je ces pays qui se rell\!tent dans les taux d"interet a 
court tem1e. le-. \"ariation" de' tau't Jc ..:h:mge et les mesurc' anti-inllationnistes. On trouwra au chapitre II 
un examen Jc~ per'ipecti\"Cs industriel!e.; a COUrt el a long tenne pour 10 grandes regions et sous-regi<.llS Ju 
monJe. appuye par une analyse de rem·ironnement macro-1..~onomi4ue. 

Les cconomistes et les responsahlcs politi4ues ont radicalement change leur maniere de concC\"<lir le: rt">le 
du commen.:e dan" l"indu,trialisation. II scmhle que. Jepui" peu. les concepts en faveur soicnt ia liberalisation 
llCS regimes Jes cchaO!!eS en faisant jouer les stimulant-. du man:he Ct une industrialisation aXCe SUr I" exporta
tion. le i.:hapitrc Ill Ju Rapport examine sur le plan theoriquc Cl a raidc J"cxemples la manien: dont les 
frhanges sonl utilis.:s pour contrihucr e. .:acemcnt a ;;ccelerer !"industrialisation Jes pays en Jfveloppement. 
On y trou\"er.i unc e\·aluatiOi. comparati\"e d.: la validite et de !a pertinence des strategies d"industrialisation 
axec sur r exportation dans certains pays en de\"eloppcmcnt de la region de r Asie et du Pacifique et de 
rAfriquc suhsaharienae. line place particulil-re yest faite a rexamen par lcs techniques d'analyse d"emrees
sorties Jes incidence-.. dans le cadre d"unc industrialisation par le commerce. d'une plus grande sollicitation 
des mecanismc-- du marchc ct du rtJk de rEtal. Le chapitre SC tem1inc par une evaluation des implintions 
pour les orientations de politique gencrale. deo; conclu"ions cmpiriqucs conccmant lcs pays en de\"eloppement 
de la region Jc r :\sic Cl du Pa..:ifa4ue Cl leur applicabilite a r Afri4ue subsahariennc. 

Comme par le passc. le dc,.nicr chapitre du Rapport prcscnte des eludes de di\"CISCS branches de rindus
trie manufacturii:re. On y trouvera Jes informa:ions statis1iques sur la situation ac1uelle Jl· r offrc ct de la 
demandc. la structure des ech:mges. lcs pcrtcs et lcs profits. les COU(S Je production. rutilisation des capacites 
et. si possible. remploi. Pour examiner la restructuration au niveau sous-scctoricl. on a e\"aluc les surcapa
citcs. les penuries. la nll' !' fication de la part des investisscmcnts et rangers directs dans Ia production Cl le 
rt"Jlc Jc l"Etat. On a accordc unc attention particulicre a la c01pacitc de production des pays en dcveloppcmcnt 
dan' le sccteur manufacturicr. cl plu" specialement au de\"cloppcmem de cene capacitc. aux plans d"investis
scmcnt d:ms des projets. :mx perspectives de profit. aux incidences de l'industriah!'alion sur l'cnvironnemenl 
Cl a rcrnlution tcchnologiquc. Enfin. lcs perspectives a court el a moyen terme de la Jcmande. des prix. de 
l"emplm. de-. cchanges el de l°inveslissement SOOI prescnlCCS dans le conteXte de la mondialisation de la 
structure inJustriellc ct de I' crnlution de la division intcmationalc du tra\"ail. Les sous-scctcurs examines sont 
lcs suivants : machines-outils ;, cmnmande numcrique. equipemcnl de production d"clcctricitc. chariots clc
valeur'i. materiel Jans le domaine des engrais. produits en acicr ;, for1e valcur ajoutcc. scmi-conductcurs. 
matcri:mx nouveaux. chimie fine, produil" petrochimiquc ... p1itc i1 papier cornmerciale. transfom1ation du 
cuivrc. tr:m.,fonnation du cacao ct transformation des produits Jc la mer. 

En tant qu' organis:1tion irtcrnationale. l'ONllOI. dans lcs prccedenls rapports sur l"industric ct le devc
loppcment dan" le monde. s·e.,t toujours faite la championnc de l"indu,trialisalinn deli quatre cinquicmes lcs 
pluo; pi1U\'fl'" du mondc Cl a suivi lcs progri:s fail" \CfS la realisation de cct ohjectif. Sa t;iche est aujourd'hui 
cnrnre plu' cnmplcxl· ct phi' urgenlc da'l" la mesurc oi1 le' industrico; naissantc" lk nomhrc de ccs pays 
doivent affrontcr le' durcs realitc" de la conrnrrcm:c. Or. pour survivrc c1 pro,percr sur des marches dyna
miquc ... ii faut avoir al·ci:s i1 dco; l'lllnpctcncc' ct i1 des connai.,s1mccs specialcs. 

J' cntcmh hicn vcillcr i1 cc que ro:"a TJ)I dcrncurc I' unc des principalcs source" des :wis dont ont hcsoin 
le" pay' l"ll dCvcloppcmcnt. lk lnulc evidl·ncc. l'Or1!anio;ation nc pourra plus tcnir unc place prccmincnte 
dan" 1.·c domain~" Le mondc a chan!!c. ,k mcmc quc le 1.:ontcxtc dan" lcqucl ellc fonctionnc. Elle doil 



s ·employer a conquerir le marche quc constituent les servic~ de consultants ct I' aide. auqu:I s • attaqucnt 
aujounfhui de no.-nbreux '-"Oncurrcnts prives et quelqucfois publics. Elle doit continuer a promouvoir le 
changcmcnt; die nc peut en devcnir la victime. 

C"est pourquoi clle repcnsc aujourd'hui son role en tant qu'organisation intcmationalc de dCveloppe
mcnt. reevalue son mode de f<>tk.'tionnement ct definit l'evcntail futur de scs services. Les changemcn1s qui 
sont actucllement a !'examen permcttronl de la revitaliser Cl d"ameliorer scs resultats. lls corrcspondront a 
trois themes principaux : unc mcilleure prise en consideration de la demandc. un reccntragc sur son mandat 
en accordant une importance particuliere aux avantaigcs comparatifs. ainsi quc I' application d'idees novatrk'cs 
pour accroitre l'cfficacite de son action. Jc suis persuade quc l'an prochain l'ONUDI joucra un role nouveau 
ct cfficacc ct quc l'industric mondialc repartira vcrs un avenir mcillcur. 

L~ Dirtctt11r giniral 

MAURICIO DE MARIA Y CAMPOS 
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flpe.nHCJIOBHe 

.lccRTb .ar. 11a1an IOHUIIO np11l.&ymma K BbmycKy cepm1 e;Kerom1b1x rno63.,blfblX mJ.-nanoe no 
eonpc><:aM npoMblW!lCtfHOCTll II (laJBllTIUI, B KOTOpblX conep;l\llTC11 anamn OCHOiJllblX TCHDCHUllii 

paJBUTIUI :-.mpoeoii npoMblW!lCHHOCTll, a T:lK;KC cc pernoHa.'lbllblX II CCKTOparlbllblX KOMllOHCHTOB. Ja 

JTOT nepno.1 pR.a noK.,anoe 6bm nocesnue11 paccMoTpemno TaKnx cncu11anb11b1x Te'.\.1, KaK ToproenR IOr

IOr. noc.,cacTBHSI 1111nycrp11amnamm mu1 OKPY"'at0mcii cpcnb1, n0Tpr.611e1111e "Jncpnm e npoMbrwne11-

nocn1. HOBblC nonxonL1 K npo6ncMaM «1m11anc11poeamu111 npneannamm. npn JTOM nocnenoeaTens.,110 

orcra1•ea.1acb TO'IKa 1pe1111S1, cornacno KOTopoii llJlSI 6onbwnncrea pa1e11eat0m11xcS1 crpaH ycroil'IHBblC 

TC:O.lllbl pocra npoMblW!lCHHOCTll SIB:IRIOTCSI Ba;KHblM KOMUOHCHTOM "Jcl><l>eKTllBHOii crpaTcnm 6opWbl c 
Oc.:IHOCTblO. 

B ro :.t.:e epeMR Cpramna1111R, 11cxonS1 1n TaKoro e11nem1R, npono.mma ah.111enyio onepaTHBHYIO 

.JCRTCo,bHOCTb npe:il\llC ncero a paMKaX npoeKTOB no TCXllH'ICCKOMY COTpyllHll'ICCTBY, nanpaeJlCHHblX H3 
paJBllTllC npennpHRTllii II npoMblWJlCHHblX y'lpe;l\IlCHHii, II B paMKax Meponp1111T11ii no coneiiCTBlllO 

11neecT11poea11nio. 

B xo.1c .:iec11T11.,cn1R npmnownn 111Mene1111R, Korop•,1e llMCIOT na.,eKo 11nywnc nocJ1encre11R. Ha 

C'\.ICHY no'.\IOUUI K3K OCHOBHOro MCXa:m1Ma 11nnycrp11amnam111 npnurna ToproB!lSI. '-laCTHblii KamtTan, 

-JamlTblii nOllCKOM B01'.\10iKllOCTCii nm1 IJO!l)"IC~llSI npu61>rneii, ycrpeMJllleTCR B CTpaHbl c OTKPblTOii 

)l\OHO:O.UIKOii, no'.\10ra11 l''.\I a.1ann1poeaTb II nepecrponn. nx crpyKTYPbl Il.'lSI .!lCllTCJlbHOl.111 B YC!lOBllSIX 

pbmKa. B -no:-.1 npouecce rexm111eci;;aS1 nm.routb 6om.-e nc S1B!1RCTCS1 oc11oe11oii 1ana11eii. PewaiowylO 
po.lb np1106pe.'lll TaKne it>aKTOpbl, KaK cnoco6HOC-:-b PYKOBOilCTBa pewaTb eonpoCbl MapKCTllHra II 
it>m1a11cupoeanm1. IOpllIIll'ICCKllC npenRTCTBllR II npaBHTCJlbl.IBCHHaSI noMOWb, 6apbCpbl II 
eo1,1oiKt1ocn1 e 06,1acT11 :-.1eii'ny11apon11oii Toproemr. Cero.1111S1cTpaHbt1Ha10T, e 'ICM 1aK!I1011a10TCR nx 
HYilGlbl II r:ic OHll :O.IOryT nony'IJITb 8CC Heo6xonHMOC. Hx npaenTC!lbCTBa CTanll 11rpaTb He peryn11py

IOUJYIO, a CKOP~ CTll:>-1y,111pyiowy10 pOilb B npouccce JlllIIYCTPHa.1~namm. 

Lktnp rsr;i.:ecTH Mnpoeoro npoMblUJ.'lem1oro pa1e11T11S1 ncpeMewaerc11 111 3anannoA Eeponb1 11 

Cenep11oii A:-.1ep111m e BocTO'IHYIO 11 IOro-BOCTo'lnyio A1mo. Bo11111Ka10w11e npn JTOM npo6ne!\.1b1 

llOCllT llC TCXllll'ICCKllii, a CKOpee JKOllOMH'ICCtmii xapaKTCp. B npOMblUJJlCllllOii TCXllO!lonm npOllCXO.llRT 
crpe:-.11nc.1i..Hb1e nepeMeni.1. H1nerp11poean11aR no eepTnKa.'lH, pacc1111Ta1111a11 na Maccoeoe npmn

eo.:icreo TCXllO:IOrllR, KOTOPYIO enenpnn tl>opn. ycTymma MCCTO rn6KOMY MCnKocepnRHOMY npOHJ-
80.lCTBY c To•mo pacc'l11Ta1111b1Mn no cpoKaM Toeap110-c1.1pbcBb!Mll 1anacal\.t11 11 rcorpait>1111ecK11M pa111e

.1c1111cM Tpy.1a- Pa1611e1<a 11 coc111111e1111e npmnooncrnc1111b1x npoueccoe onpe11enS110TCR MllllHManbHblM 

ypoenc:--1 pacxo.100 na cpencTea coR111 11 Tpa11cnopr11posKy. 

Ha it>o11e cTo.11. pa111TC!lhllblX ncpe;1.1e11 IOHHIIO 11eo6xom1Mo 1a11080 oue1111Tb ceolO PO!lb. KaKoli 

n11.111TcS1 JTa pom. IOHH.ilO? 011a ,1on;i.:11a, pa1yMecTc11, n nanec, me 11 Korna no B01MOiKHO, coneft

CTRoeaTh 1111.1ynpmu111 Jallllll, OJlltalm, Y'lllTblBall npn HOM, 'fTO CT3JlblC rpammbl MCiKJIY npOMblllJJlCll

llOCThlO II CC.lbCKllM xo111ilcrnoM, a T3Kif\C MCiKilY npm.tbllll!lCllllOCTblO II cit>epofl y .:nyr 6b1CTPO llC'IC

laKH. Ba:.1rnciiw11M <t>anopoM ocex nnno8 npo111eoncTea RB!IRCTCR, eoJMOilCHO, 11111l>opMa1111S1, a 

nocro111111oii la.1a11cfl 11 noTpc611ocTi.10 - cTpe:-.mem1c " 11onu1ccTey. 

Cnpoc 6y.1cT pacrn 11e 11a oT IIC.'lbllMC yCHyrn cncmta.'JncTon n 06nacr11 npoc1<r110-Ko11cTpyKTOpcK11x 

pal'o T. 11pcm 1110;1cTBa 11:111 'lllCllKll npOCKTOB, a CKOPCC Ila KOi\.tn!lCKC ycnyr no JKOllOMll'ICCKOMY 

KOllcy;11.n1pona111110. F.>y.1y111ce npc11np1111n1r1 RO RCCM MllJlC 13011CllT llC TO!lbKO OT OOBblUJCIUISI YPORHR 
np(l111110:1cT11a, 110 11 OT Toro. 11acKo.1i.Ko 06oc11oua1111i.1M 11n1111cTc11 it>1ma11cnpona1111c, 11acK011t.Ko 
"><t><t>ct:n11111i.1:-.1 11n:1S1CTCll MapKCTllllr. a T<lKil\C OT COCTOSlllllR TROp'ICCKOii MblC:UI. IJ11yTpc111111e pt.lllKll 

!IC !\torn OCTau:rrbCll na11cc 1no1111pooa11111>1Mll OT OllCUJllCii KOllK)'pCtlllllll II llC MOryT onpe11e11RTb 



rapcacnw pacw11pe1111• MacwTa6os npoMblW!leHHoro npo1neon1..1aa. KaK crpaHbl, TaK 11 KO!l.mamm 

O)'ll)'T H)':ili:l13Tl>C• B yC.'l)'r3.'< B ocbaCTll KOHCYilbTll(>\>BalUUI II op11eaTamm no paJJUl'IHbl'.\I np00.1CM3'.\I 

Bbntrnea:m• e yc.1oe11ax KOHKypeHu1m 11 6b1CTp1.1x nepeMeu. npoucxon•wnx eo e1..-e'.\1 :.mpe. 

B rnaee I uacro•wero r11o6a.1b11oro .!!0"'-13.!la OTMe'laeTcx. 'ITO e 1993 rony a 3anamtoii Eapone 

Ha6:11ona..1c• cna..:i npoMb1w.1e1111oro npo1t1ao.acrea. a CeeepHoii AMep11Ke 11 .Slnomm Ha'.\1en1m1cb 
11e~"BepePHbte np1nHat.:11 O:ili:HBJleHHJI 3KOHOMllKll, e 8ocT0'111oii Eepone 11 6b1emeM Coio1e CoaeTca.;1x 

Cou11am1CT1t'lecK11x Pecny6.111K npoao.'l:ili:a..111cb TPY!IHOCTll nepexo.:moro nep.10.aa. KpoMe Toro. a :noii 
rnaee npe.lCTaB.'leHbl KpaTKOCpo'IHble nporHOlbl B OTHOUICHllH TC!\lnOB pocra "JKOHOMllKll 136 palBllTblX 

11 pa1e11eat0w11xca crpaH. '3n1 nporno11.1 no.aroTOBJleHbl Ha ocnoae 6a1 .aamtbtX IOHllD.O 11 pa1mt'IHbtX 

cueuap11~. oTpa:.Kaaowux qwa1eoeaaw11e no cocroamno Ha cepemmy uaon• 1993 ro.:ia rnooanbHbte 

3K\>HOMH'la-..11e peamm. 

Ha11aew11ikx e 1990 ro.:iy cnan e Mllpoeoii 3KOHOMllKe ece ewe npo.:ion:.KaeTca. B rno6anbHbtx 

M3CWTa6all OH JHa'lllTenbHO ycrynaeT no OCTpoTe. HO npeeocxomtT no creneHll YCTOii'lllBOCTH 

Kp11111cb1 1975 11 1981 ro.aoa. 3To o6yc1101L1euo 6o11bwoii pa11mueii eo epeMeH11 nep11011oe cnana 

.ne.1oeon aKTHBHOCTH e OCHOBHb1x J, .:110Mn11ocK11 pa1e11Tb1x crpat1a.'<. Coemme11Hb1e lllTaTbl ecryn11m1 a 

c1>a1y Ha'lana no.a~1a. JlnoH11• 11 (. oe.a11HCHHOC Kcponeecreo np116mU1L'lllCb K "JTofi c1>a1e. HTa.m1x 11 
4>pauw1Ji ace ewe nepeJ1ateal'>T ~-,a.a npo."1wmne11H.Jro npoHJeoacrea. a e repMaHHll 11a6.'lt0naeTcR 

BCCbMa pelKOC CHll:.KeHlle nenoeoii aKTHBH<K.."Tll. 

Bcne!ICTBlll! TaKoii ac11MMeTpm1 De.1oeb1x ummoe O:ilme11eH11e lKOHO!\ut'lecKoii aeRTC.1bHOCTH e rno-

6anbHblX MacwTa6ax npollCXODllT elUlblMH TCM03MH, o6uutii cnan •B.'llleTCR Herny6oKllM, HO JaTRiK
HblM. Koraa HaKoHeu ttacryn11T 1a.nep:.KaewnilcJ1 pcx.-r .llC.'lOBOii aKTHBHOCTll, ero TeMnbl He OYllYT 

CTOJJb .a11ua'.\11t'IHblM1t. Ta11:u•i cueHap11R. HecOl\IHeHHO, ee.aeT K rno6anbHblM .a11cn~nopw1RM Katt: e 

ccl>epe TOproem1. TaK II B cct>epe cl>HHaHCOB, paccrpaHBaJI CllCTe!l.tbl npoueHTblX CT3BOK II o6MeHHblX 
Kypcoe. Ott y:.Ke np11een K HapyweHmo MexaHHJMa o6MeHHblX Kypcoa BaJIIOT 11 noceRil HeK0Topb1e 
COMHCHllJI B OTHOWeHIUI 6y.aywero eeponeAcKoro BaJllOTHOro COIOJa. Y'lllTblB3JI xapaKTep noro 
rno6anbHOro cna.na, 6oJJbWHHCTBY paJBHB310UUIXCR CTpaH, TCM He MeHce, YDaJIOCb HJbe;f(aTb ero 
HaJ16o.n« TR:IKeJlblX noc11e.aCTBHR. llcKJUO'ICHHe COCT3BJ1JllOT JaBHCJIUUIC OT )KCnopTHblX nocTynneHHR 
HOBb1e 1111!lycrp11anbHb1e crpa11b1 BocTO'IHOii 11 IOro-Bocro'IHOii A1HH. 3KOHOMHKa a<t>p11Ka11cK11x crpan 

no-npeiKHCMY HaXO!lllTCR B COC70RHIUI l3CTOR H Ha nee npaKTll'ICCKll He nOBJlllJIIIO nOBblUJetme 11m1 

na.neHHC UCH Ha CblpbeBb!e TOBapbl, B TO BpeMR KaK B crpauax JlaTllHCKOii AMepmm II OCTaJlbHblX 

pernonax A11111, no-e111111M0My, npo11cxo1111T aKTHBHoe O:il\HB11e1me 3KOHOMllKH. 3To RBHReTCR aa;KHbl'.\t 
CBll.LlCTeilbCTBOM Toro. 'ITO 611aroaapR CBOllM B1311MOCBRlRM c MllpoaoA )KOHOMllKOii pa-JBllBalOWllCCJI 

CTpaHbl 8 MCllbWefi CTene1111 noaaepiKeHbl BOJDeiiCTBlllO UllKJl"l'ICCKHX ll1Me11e1111A B oOl>CMe npmn

BOllCTBa B paJBllTblX CTpauax, 'ICM BOJlleACTBlllO npollCXOllJllllllX B nomtTllKC paJBllTblX crpan llJMeHe
HllR, Haweam11x caoe 0TpaiKe1111c s yposHe KpaTKOCpo'IHblX npouc11Tt1b1x cTaeoK, 111Me11en1111 o6Mct1ttb1x 

Kypcoa eanlOT H npoee.acmm 11au110HanbHOA a11n11111c1>n11u11ommn nom1T11K11. B rnaee II npe11cTaenet1b1 

npontOlbl 8 OTHOWeHllll KpaTKOCpo'IHblX H .aonrocpo'IHblX ncpcnCKTllB npoMblUJJlCHHOro paJBllTIUI B 

.aecJITll Kpynueiiwnx pcrnonax 11 cy6perno11ax Mllpa. a T3KiKe anamn MaKpOJKOHOMH'lec..-:nx yc.1oa11ii. 

3KOHOMllCTbl II OOJJllTHKll KapllllHaJlbHO lllMCHllJlll CBOH 81rJ1Rllbl Ha poilb ToprOBJUI B npouecce 

11nuycTp11an1nam111. B noc11e11Hee apeMR KJltO'leaoe 1Ha'le1111e np11.aaeTcR, no-e11m1MOMY. n116epa

JJH1au1111 peiKHMOB TOproe1111 Ha OCHOBe pblHO'IHblX CTHMYJJOB, a TaK:.Ke HHllYCTPllaJlHJamm, opneH

THpoea1111on Ha JKCnopT. B rnaee Ill r1106an<.Horo .ao1mana ll;JCDCT3BJ1Cll aHaJIHl KOHUenT)'aJlbllblX 

eonpocoe u npaKTll'ICCKoro onb1Ta. Kacat0werocst Toproe11H KaK lcl><l>eKTHBHOro MexamnMa ycKope1111J1 

npouccca 111u1yr.Tp11an1nam111 e pueJJea1ow11xc• cTpanax. B non r.1ase co11ep;t..11TcR TaKiKe 

cpaBllHTCJ1btl3JI OUCHKa 06oc11osa1rnocTH H npHCMJlCMOCTll OPllCHTllPOBaHllblX Ha JKcnopT CTpaTernn 
1111nycTp11amnau1111 e 0Tne11bHblX pa1011sa1ow11xcR cTpanax e pcrnone Amn 11 T11xoro 0Kea11a, a TaKiKC e 

CTpa11ax A<l>pHKll. pacnoJJOiKCHHblX K IOry OT Caxapbl. npn )TOM oco6oc BllHMa1me )'DCJ1RCTCit 

nocTpoem10My na OUCHKC JaTpaT H pe1yJJbTaTOB a11anHJy nocJlCllCTBllA 6011ec WllpOKOro 
11cnonb1oea1111R pbntO'IHblX c11n, a TaKit\C pom1 rocynapcTea e npoucccc 11nnycTp11an11Jam111 11cpe·J 
pa1e11T11e Toproa1111. B Ko11ue rnaebt npc.a11arae-rcR oucHKa noc11encTa11r1 llHR non11T11K11 1Mm1p11'leCJmx 

BblBOllOB, cnena1111b1X e 0T11owen1111 pa1e11naiow11xcA crpan n pernone AlHll If Tnxoro oKeaHa, a T3KiKe 

nx np11Me1111MocT11 K cTpanaM A<t>pnKH, pacnoJtOiKCHllblM K 1ory OT Caxapbr. 

KaK 06b11t110, e "JaKmo1111TCJ1bHOH masc r1106a:1L11oro nmma11a npcncTae11c11 ofriop pa1m111111>1x 

oTpacIJcfi 06pa6aTL1ea1011tdi npor.11.rnrnc1111ocr11. B 11cit concpiKaTcR c1an1cT1111ccK11c 11a11111.1c o 

:n·ii 



.:.1o;i.;1111wdil.:>1 s n:i::nl;auee B~Mll KOt1li20H11.1ype a o6.1a1.1u cnp~a 11 npe.anoiKe111111. o ""1py11.1ype 

Toproe:m. o ~10xo.1ax 11 y61.nKax, 06111.nepiKKa~ nposnBO.'.ICTBa. o611cn0.'1blOBatm11 npon1aoncTBCHHblX 

!\1omuo.:re1i 11, "'' eo1MO;t.;HOCT11, o ~aH,.TOCTll. CrpyKTYPHaJl nepec-rpoiiKa 11cc11enyeTc" Ka 

no.1.:enopa:tbllO!\I '1."1.·mllle c 110!\IOWblO TaKHX nm:uaTeneii, KaK lll.'lllWKll npolllBOllCTBCHHblX 

~IOUUI~ rdi, .:icq,,1•un. Ka'lec-rset11lblC ltl!\ICHCIUUI B HanpasneHHOCTI! np,.MblX llHOCTp:lHHblX 

111181.'CTllUllii II po:b npar<:ne.lbCTna. Oco6oe BHllM3Hlle YJlC..'llleTCll BOlMO;KHQCTjll\I o6pa6aTbl83IOWCR 

npo!\1b1w.1e11no.:ni 3 p..: sa11samtu11xcH crpauax 11 npeiK11e acero Hapaw11aaH1110 npo1nao.acraeHH1>1x 

!\IOlUllOCTeii. n.1'11!3:\! llHBCCTUpo83Hlljl npoeKTOP, BOJMOiKHOCTHM nony'leHIUI npH6blntt, 

)K0.10nt'lecKll~t nc·C.h'..C.C!BllHM H TCHileHUllllM B o611acr11 palBHTllH TCXHOJlOrllH. H HaKOHCU. B )TOH 

r.1aee 1n.1arafOTCR BJ' :ix!ILJ tta KpaTKOCpottHblC II Cpelli:CCpo'IHblC nepcni: ... fHBbl B OTHOWCHlut cnpoca, 

uen. 1amno1.111, To pr c :1rm 11 1111ea1upoaam111 e KOHTCKCTe rno6amnamm npoMb1wneliHOii crpynyp1>1 

11 111~1e11em1ii e "-te;i.::iy11apon110M pa·me.1e111m Tp}na. Hcc11eny10TCH c11enyt0uu1e nonce11.1op1>1: 

lllfOTOB.rtenue 1.1&?~15'08 I: 'lllC!lOBbl!\t nporpaMMHblM ynpa&!lCHllCM, :mepreTll'ICCKOfO o6opy110BaHllH, 

811.lO'lllblX norpy]'tllKCB, o6opynmntlllH Il•1R npo1nau.aCTBa y.no6petmil. nponyKUllH ID cramt c BblCOKOR 

.106ao.1em1ofi CTO;l' .. 10\.lbto, nc1:ynpoBO!ltlllKOB, y.'l)'lfWCHHblX KOHCTPYKUllOHHblX M3Tep11anoe. 

Xll~llllfel:l\llX nponyKTOB TOHKOro opramt'lecKoro CHHTe1a. He$TCXlll\lll'ICCKllX np.:>.nyKTOB. TOBapHOH 

ue:t.110.lOlbl, a TaKil\C nepepa6oTKa Me.nu, K3K30 II MOpcKllX npo11yKTOB. 

KaK ~1e;1,;J:,·11aP<•LJttoe y'l~;!il\Itenue. IOHl1Jl0 ecer.11a e1:.1cryna.na 1a H1111ycrp11a.'11naw1t0 6onee 
6e.:tttblX 1.1paH, coc·1 ;::aJilllOlU~lX 'leTblpe nRTblX BCCX CTpaH MUpa, H B npe.!lblJIYUUtX r11o6anbHblX 

noi.;muax y!le.111!la o•:J6oe em1Ma1111e 11x nporpeccy Ha nyTn K JToii uem1. B HaCToHwee apeMH JTa 1a.na'la 
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Prefacio 

HCK."C un decenio. la ONUDI inicio la publicacion de una serie de informes mundiales anuaks sohfl' 
industna y desarrollo. en los que s:: analizaban las principales tendencias de la ecmmmfa industrial en todo 
el mundo, asi como sus componentes regionales y sectoriales. A lo largo de esc pcriodo. en los infom1cs sc 
ban abordado diversos tema.s especiales. como el comercio Sur-Sur. el impacto ambiental de la indm.triali
zacion. el consumo de energia en la industria, las innovaciones fananciera.s y la privatizaci,in. sustent:indHse 
siempre la opinion de que. para la mayoria de los p3ises en desarrollo. el crecimiento industrial sostcnido 
es un componente escneial de una estrategia eficaz de lucha contra la pobreza. 

Al mismo tiempo. la Organil.<l.::i6n dio una activa dimension operacional a esa perspectiva. prim:ipal
mente a travc..~ de sus proyectos de coopea.;;::ion l~nil.:a destinados a indusiria. .. e instituciones industriaks 
y a sus actividades de fomento de las inversiones. 

En el transcurso del decenio se hi'n producido cambios de :;ir~o alcance. El comercio ha reemplazado 
a la ayuda como principal vehiculo de la industrializaci6n. Los capitales privados que buscan la oportunida<l 
de obtener ganancias afluyen hacia unas economias abierta."' que estan dispues:as a adaptar y ajustar sus 
estructuras a las fuerza.s del mercado. La dificultad y:i no radica en la asistencia 1~.::nica. Los fal·torcs 
esenciales son las decision~ empresariales en materia de comercializaci6n y financiamiento. io:> nhstaw!os 
juridicos y las ayudas gubemamentales. las barrera.s y oportunidades comerciales intemacionales. En la 
actualidad. los paises saben lo que necesitan y donde obtenerlo. y sus gobiemos ban asumido una fum.:il>n 
mas permisiva que reguladora en el proceso de industrializaci6n. 

El centro de gravedad de la economia industrial en todo el mundo se desvia. pasando de Europa 
occidental y America del Norte a Asia oriental y sudoriental. Las dificultades son mas de indolc cconl'lmica 
que tecnica. la tecnologfa industrial esta C3mbiando rapidamente. La tecnologfa de intcgracil'ln vcrtic;il y 
producci6n en serie al estilo de Ford ha cedido el paso a una producci(m especiali1.ada limitad;i y lk1tiblc. 
con la<> existencias indispensables y una division geografica del trabajo. Los procesos se suhdividcn y sc 
eslabonan mediante comunicaciones y transportes de bajo costo. 

Ante cambios de tal magnitud. la ONUDI debe examinar de nuevo su funcion. i.Cu:il dcbc scr cs;i 
funci6n a juicio de la Organizaci6n? Como es nalural, debe con1inuar promoviendo la industrializacion 
siempre y cuando pueda y no obstante el hecho de que los antiguos limites entre industria y agricultura y 
entre industria y servicios vayan desapareciendo rapidamente. La informacion es quiza el insumo mas impor
tante en todos los productos. y la innovacion un reto y una nccesidad constanle. 

Sera cada vez mayor la demanda de programas completos de asesoramiento ecom>mico. en lug;ir de los 
distintos conocimientos especiali1.ados en mater:a de ingenieria. produccion o evaluaci<>n de proycclos. Lo 
que detennina el fLJiuro de las fabricas en toJo el mundo no es unicamente el aumento de la producci1>n. sino 
tambien un financiamiento s61ido, una comercializaci<>n eficaz y un pensamicnto innovador. Los rncrcado" 
nacionales ya no pueden pcnnanecer a salvo de la competcncia elltema, ni pueden constituir cl llmitc de la 
ellpansi6n industrial. Tanto los paises como las empresas necesitaran ascsoramicnto y oricntacilin rcspccto 
de los multiples problemas de supervivencia en un mundo competitivo y en rapida cvolucilin. 

El capftulo I de la presentc edici6n dcl lnforme Mundial indica que 1993 ha sido un aiio de dcc.:adcnc.:ia 
industrial en Europa occidental. de reactivaci6n vacilanlc en America del Norte y cl Japt)n y de cnntinuas 
dificultades en la transicion en que se hallan los paises de Europa oriental y de la antigua lJni1)n lk 
Republicas Socialistas Sovieticas. Ademas. el capftulo presenta pronosticos de crecimiento a corto pla10 para 
136 pafses desarrollado:o; y en desarrollo. E!itos pronosticos se fundan en las bases de datos de la ONllDI y 
en diver!iOS argumentOS que rcnejan las aclualC!i realidades CCOnomica:o; mundiales; SC trala de prom'>sliCOS 
que corresponden a mediados de julio de 1993. 

La recesion mundial que se inici6 en 1990 continua su curso. En tcrminos generalcs. cs mucho mcnos 
grave. aunque de mayor duraci6n que las rece:o;ioncs de 1975 y I 9K I. Esto se drbc a la amplia divcrgcncia 
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Jc la-> fascs &.~en<lent~ de los cidos a.-onl1micos que af ectan a la" principalt."'\ economfa..s desarrull;itb_,._ fa 
posible l~bst'.f\·ar un prir.cipio de recuperacion en lo" fatados Unidos. mientra." que tanto el Japt1n '--u111t1 cl 
Reino CniJ,, .:s!an a punto de n.-cupcrarse. y la produ'--cion industrial sigue &.~~nJienJo en Italia y Fraocia. 
y la contr.l\:cion Jc la acti,·iJad emnomica es muy pror.unciada en Alemania. 

lkbido al efccto comhinado Jc estos ciclos a.-onomicos a"imetricos. la recuperacion mun<lial t..'S tk:bil. 
la contr.iccion de la acti,·idaJ ccontimi-.·a munJial no o gra;;e pero si prolong..Ja. y cuanJo se produzca la 
Jcmor.ida reacti,·aciun de la economia en su cor.junto. esta no ser.i ,-igorusa. Como es ob,·io. este pnmO...tico 
causa deSl!l.juilibrios mun<liales tanto en lo que se refiere al comen:io t..-omo en las finan1.a" y pcrturro las tasa.." 
de interes y Ins tipos de cambio. Ha ya pronlCado una fractura en el mecanismo de! tipo de cambio y ha 
puesto en entretfa:ho la futura uniJad monetaria europea. No obstanfe. Jada la naturalc1.a de csta reccsit1n 
mundial. la mayoria de los paises en Jesarmllo han evitado sus peores repen:usiones. La" excepciones son 
los paises dcpenJientes de la" exporta'.."iones y de reciente iooustrializa..:ion de A~ia oriental y sudoriental. 
Mientr.i" que las economias africana" han permanecido estancada.-.. habiendo repen:utido muy pt>eo en dla" 
el aumento o la disminucion <lei precio de los productos basicos. America Latina y el resto ~~ Asia part..-cen 
Jirigirse hacia una reactivacion energica. fato ilustra un hecho importante. y es que los paises er. desarrolll1. 
Jebido a s.J interJepcndencia con la economia mund1al. son menos vulnerables a los cambios de car.icter 
cidico de ta pmduccion del mundn desarrollado que a la.-. repercusiones de los l·ambios de polilica en los 
paiscs desarrollados que se renejan en las ta..a-. de interes a corto plazo. unos tipos de cambio \'ariables y 
unas politicas nacionales antiinnacioni~tas. En el capitulo II se examinan la-. perspccti\'as industriales a corto 
y largo plazo Jc Jiez importantcs regiones y subregiones del mun<io. apoyada.-. en un analisis del entorno 
macnx..-conlll!lico. 

Ll'S economistas y los encargados de la formulacion de pt>liticas han t·ambiacfo fundamentalrnente su 
fom1a de pcnsar con respecto al papel <lei comcrcio en la inJustriali1.acion. Las nociones clave mas recicntcs 
parecen rdacionarse con la libcralizacion de los regimenes de intercambio ba..;ada en los incentivos Jet 
mercado y la industriali1.acitln orientada hacia la exportacion. E11 el capitulo Ill del /nfimne Mumlia/ se 
cxaminan cucstiones conccptualcs y pruebas empirica.-. rclativas al comercio como instrumento eficaz para 
acclcrar la industrializacinn de los paises en desarrollo. Se proporciona una evo:.luaci6n comparati\'a de la 
\·atidcz y pcrtinencia de las estrategias de una industrializacion orientalla hacia la exportaci6n en determina
dos paises en dcsurrollo Je la regil1n de Asia y el Pacifico y el Africa subsahariana. El capitulo se ccntra 
cspccialmenlc en cl examen. basado en tecnica-. d~ insumo-prodm:ci•>n. de las consecuencias que se Jerivan 
de una mayor dcpendencia de las fuerza-. <lei mercado y del papel del fatado en la industrializacion a tran~s 
dcl comcrcio. El capitulo termina con una evaluacion de las cnnsc.:uenci:is de indole politica de las condu
siones cmpirica~ rc!ativas a los paises en desan"llo de la regio:1 de Asia y el Pacifico y su aplicabilidad al 
Africa subsahariana. 

Como cs hahilual en el lnfom1e M11ndial. el ultimo capitulo presenta estudios de diversas ramas de 
la indus1ria manufacturcra. Sc proporciona informacion estadistica sobre la-. actuates condiciones de la 
oferta y la demanJa. las modat:dades del intercambic. las perdidas y ganancias. los co~tos de produccil1n. 
la utilizacion de la ;;,1pacidad y. siempre que es posible. el cmpleo. La rcestructuracion sc examina a nivel 
de los subscctorcs utilizando mediJas de capacidad cxcesi';a, insuficiencias. camhios en la composicit)n 
dd rcndimicnlo Jc las in\'ersiones cxtranjcras directas y cl papel de los gobiemos. Se hace especial hin
c;1pic en la capacidad mknufacturcra de los paises en desarrollo. co11 un enfoque basado en la creacion 
de capaciJad proJuctiva. planes de invcrsiones en proycctos. posibilida<lcs de obtcncr ganancias. impacto 
amhicntal y tcndcncias tccnoltigicas. Finalmente. se presentan las p...;spcctivas a corto y mediano plaw 
de la dcmanJa. los prccios. cl cmplco. cl comercio y la inversion. en el contexto de la mundializacit>n de la 
i:s1ructura indu,.tri;1I y de la C\'oluci1)n de la divisi6n intemacional del trabajo. Los subscctores examinados 
son: m;iquina-. hcrramicnta numcricas. equipo gcr1erador de cncrgfa. carretillas de horquilla clevadora. equiJ><> 
p;1rn fcrtilizantc". productos sidcnirgicn-. de alto valor agregado. semiconductorcs. matcrialcs de ingcnicria 
avanzada. pro<luctos quimicos muy puros. productos pctroquimicos. pasta de madera para uso en cl mcrcado. 
pnl\:t•samicnto dcl cohrc. clahorai.:illn dcl cacao y elaboracion de pescaJos y mariscos. 

Como in .. 1ituci1ln mundial. la ONUDI ha propiciado sicmpre la industrializacion de las cuatro quinlas 
partcs m;i" pohrcs <lei mundo. hahicndn proycctado y rencjado su marcha hacia cstc ohjetivo en edicioncs 
antcriorcs dcl ff1formt' Murulia/. En la actualidad. la tarca es aun mas complcja y urgente. dado quc las 
industria" nacicntc\ de muchos de csns paise . .; tienen quc capear Ins aspcro" vientos de la compctencia. Para 
snhrcvivir y pro.,pcrar en un entorno de mcrcado dinamico. es neccsario tener acceso a conocimientos y 
aptitudes cspccialcs 

El prop1lsito quc me anima c.'\ garanlizar quc la ONUDI si,!!a sicndn la importantc f uente de ascsora
micnto quc nccesitan Ins paiscs en desarrollo. Es harto t:videntc que la OrganiT.acion ya no podra conservar 
su ;intiguo predominio en esta esfera. La na111ralcza del mundn ha camhiadn y tambicn cl cnnle:itto en cl 
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que funciona la O~UDI. La Org::nizacion Jd-e enfrentar el reto Je conquistar d mcn:ado r~1r.i propor
cionar Z..'ie!soramient•.l y a..'istent.ia. superando a muchos competiJon.:s pri\·ados y !amhicn a al~!U"''' comp.:li
dures gubemamentales. La O:'\UDI Jebe seguir siendo un agente Jei cambio: no put.-<le cumwtirsc en "u 
victima. 

Por t.-onsiguiente. la ONt.;DI esta examinandt' nue\·amente su p.ipd de institucit'ln Je llcsarmllo inh:ma
cional. evaluando una vez mas su mOlbliJad de f uncionamiento y Jefiniendo la serie de ~rvicios 4ue habra 
Jc ofra""er en el futuro. Los cambios que se anali1.an actualmente revitalizaran a la Organi1.acit)n y mejnr.1r.in 
su actuacion. Retlejar.in tres tema.." principales: una mayor orientacit)n hacia la demanda en la.." acti\·idades 
de la Organizacion: una nue\·a prioridad en el desempeiio de su mandato. y un clam enfnque Jc las \·entaia." 
comparativas: y la introduccion de ideas innovador.t." p:ira aumentar la efo:acia de su labor. Confio en 4ue 
el aiio proximo la OrganiL&1Cion asumir.i una funcion nucva y eficaz y que la economia mdustrial dara un giro 
posirivo en todo cl mundo. 

.ui 

MAL'RICIO DE MARIA Y C-\!\IPOS 
lJirector Gt•m•ml 
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EXPLANATORY NOTES 

Reference to dollars (S) arc to United Slates dollars. unless otherwise stated. 

References to tonnes are to metric tons. unless othcJ,.;sc specified. 

A slash (198twl) indicates a crop year or a financial year. 

Industry catc~ referred to in this publicatirn arc based on Revision 2 or the lntcmational 
Slandard Industrial Classification (ISIC). 

Rerercnccs to ISIC codes arc accompanied by a descriptive title (for example. ISIC 323-
MManufacturing of leather and products of leather. leather substitutes and fur. except footwear and 
wearing apparel .. ). Consideration of space. however. requires a shonening or this description I for 
example. ISIC 323 may be rerencd to si:nply as ML.earher and rur products-). In ~ cases. ISIC 
categories have been aggregated and the descriptive titles adjusted accordingly. 

The term Mbillion- signifies a thousand million. 

Figures in square brackets I I refer to source material listed after chaplef IV. 

The following symbols have been used in tables: 

Two dots ( .. ) indicate that d:lta are not available or are not separately reported. 

A dash(-) indicates that the amount is nil or negligible. 

Totals may not add precisely because of rounding. 

The following abbreviation.~ and lk.-ronyms appear in this publication: 

AIDS 
ASEAN 
BiCMOS 
CAD 
CIS 
CMEA 
CMOS 
DRAM 
EC 
ECOWAS 
EEC 
EDI 
EFTA 
ERM 
FSCWA 
FDI 
GATT 
GCC 
GDP 
GNP 
GSP 
IC 
IMF 
ISi 
ISIC' 
JFSSI 
MITI 
MOS 
MVA 
NAf'TA 

acquired immunodeficiency syndrome: 
As.">OCiation of South-Ea~t Asian Nation.~ 
bipolar complemenrary metal-oxide conductor 
computer-aided design 
Commonwealth of lndcpcndcnr Stat~ 
Council for Mutual F..conomic Assistance 
complementary metal-oxide semiconductor 
dynamic random access memory 
European Communiry 
European Community of West African States 
European Economic Community 
export oriented industriali1.a1ion 
Europc;in Free Trade Association 
exchange rate mechanism 
F..conomic and Social Commission for Wei11em Asia 
foreign direct investment 
General Ati:recmcnl on Tariffs and Trade 
Gulf Co-operation Council 
gross domestic product 
ti:ross narional product 
generali1.cd system of preferences 
intcgrared circuit 
lnremational Moner~7 fund 
impor1 suhslilution indus1riali1ation 
lnrern;ilional Standard lndusrri;il Classific:ition of all f.conomrc Acrivities 
Joinl European Suhmicronic Silicon lnitiarive 
Mrnistry nf lnlemational Trade and lndusrry 
melal oxide scmicond11c1or 
manufac111ring value added 
Norlh American free Trade Agreement 

x.xi.x 



NC 
NIC 
OECD 
OPEC 
Rand D 
SABIC 
SRAM 
TVA 
VLSI 
UL'il 

numerically controlled 
newly !ndu.-ruializing co1.antry 
Organisa1ion for Economic Co-operalioo and De\i:lopmcnl 
Organizalion or Pelmlcum Exporting Counlrics 
research and dc\"clopmcnt 
Saudi Basic lndu.<>lrics Corpor.llion 
slalic random access memory 
Tcnncs'IC"C Valley Aulhority 
\"CfY large-scale integration 
ultra-large-scale integration 

T1ais nptNt is baud o• i11/or-8o11 11Nilllbk llS of Morch 1991 . 
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I. Global economy: short- and medium-term outlook 

A. UNIOO projections for 1993 and 1994 

After registering near zero growth in 1991. world 
output failed lo rebound strongly in 1992. According to 
UNIDO estimates. the growth rate in world gross domes· 
tic pmouct (GOP) in 1992 was barely more than I per 
cent. World manufacturing suffered even more, register
ing negative growth for two consecutive years. and the 
outlook for 1993 does not secm much heller. As it 
stands, growlh in w1•rld outpul is likely to stay at around 
1.3 per cent during 1993, with manufacturing gmwing at 
a meagre 0.4 per cent. Although it could be expected that 
growth momentum will return by 1994. the continuing 
sluggishness of many cyclical indicators in the more 
advanced developed countries makes it difficult to pro
ject the precise timing for this worldwide economic up
turn. The 3.1 per cent growth projected in 1994 for world 
GDP is therefore the most tentative one UNIDO ha.s 
offered in the la.st 10 years of its projection exercises. 
Tentati\·e though they might he. the forecasts for 1993 
and 1994 are summari1.cd in !ables I.I and 1.2. in which 
some 140 countries arc organized in IO regions. 

The difficulty associated with the 1993 projection 
exercise stems from the output behaviour in the more 
a11\·anced developed countries, which has so far failed to 
conform to the established norm. By past standards. the 
economy of the United Stales should have had a much 
stronger recovery in 1992 than the actual 2.1 per cent 
growth. and ii appears that the United States is headed 
for another lacldustre year in 1993. The year 1993 marks 
year one of the vaunted single market of the European 
Community cEC). The hopes and threats of an economi
cally unilicd Europe, often translated and transcribed in 
the economic calculations for the growth of the world as 
a whole. seem to have disappeared amid the continent's 
worst rcces~ion for two decades. Cicnnany is now in 
deep recession, with its manufacturing output in the 
weo;tem part of the country projected to decline hy 6 per 
cent in !993. France, Italy. Netherlands and Spain are all 
quite suddenly in recession. and will effectively cancel 
the output gains expected in a few European countries 
during the year. Al this stage. the economic slump in 
Europe is shaking the very foundations of European inle· 
gration. A new set of projections based on some inter
mediate politico-economic arrangement might produce a 
completely different pil·turc. Even the I INll>O projection 
involving Japanese output performance i~ no exception. 
Japan. which once seemed invulnerable to economic re
ce,sion. io; undergoing a rapid economic dt'ct'lt'ration in 
spite of the pump-priming efforts of the Governmt'nt-
the te,led and proven remedy in the past. 

The uncertainty surrounding the gmwth performance 
involving the more ad\·anced developed countries ob
viously has a direct bearing on the over.ill ellercise deter
mining the growth pmspects of developing countries. 
UNIDO is, however. convinced that the growth rate for 
develoj>ing countries as a whole (excluding China) will 
improve by a nearly a half percentage point to 4.4 per 
cent in 1994 (see ligurcs I. I and 1.2 and the industnal 
sector shares in ligurc 1.3). The impact of prolonged 
recession in developed countries would. however, be kit 
in 1994 by a number of countries in the different regions. 
As pointed out in previous issues of the UNIDO G/oht1l 
Report. however. developing countries have learned to 
insulate their economics more effectively from adverse 
external forces, and to rely more on their internal re
sources and domestic or intraregional markets. This 
means that the economic relationship between developed 
and developing countries is no longer strictly quantita
tive. Whal concerns developing countries most nowadays 
is the macroeconomic cm·ironmenl under which the global 
economy functions. It is the qualitative changes in the 
global linancial and trading regimes which affect devel
oping countries the most. and to a large t'xtent, lht'sc 
changes are brought about by policies of major devel
oped countries. In this context. UNIDO paid particular 
auenlion in preparing i~s medium-term pmjectior.s to 
the probable impact of the new United States economic 
initiative, especially relating to ils fiscal and trade 
policies. 

R. Economic leadership or the United St.ates 

One of lhe changei. which will affect the world 
economy in lhe 1990s is lhc would-he strong United 
States economic leadership. For the lirst time in decades. 
the United Slates is focusing ils inlemational policy not 
on global security. hut on global economic growth. The 
immt'diate conct'rn of the United States is, for sure, its 
domestic economy. specilically the problem of job crea
tion. Howevt'r. the effort to revi1ali1e the United States 
t"comimy would nol only eliminate some of the basic 
global t"conomic imbalances. hul will bring with it new 
United Stales policy initiatives on international ec.momic 
dt'alings and trade arrangt'ments. A new global economic 
ordt'r hast'd on rra/po/irik of national t'conomic sclf
in1ert'~t mighl sound ominous. Yel, after a decade of 
directionless expansion based on an equally disoriented 
intt'mational competition. the world might welcome 
strong lt'adership - this lime around, in international eco
nomics "" was the ca~ in geopoiilics. 



Table 1.1. Regional imcl country estimates of GDP and 111\'A 

GDP,,-- llVA ,,.,.,._ . .- GDP~-
llVA,,_ _ __.,.,,., ,_,.,,., u-.. ....., ,,,..,......,_ 

~.......,.,._ lllf/l ,., ,,,,, lff(/ 1"3 

,_ 
-,...,..........,, ..... 1"1 ,,., ,.,, 

·~ 
,,., ·-

World 1.3 1.2 3.1 --0.9 0.4 3.6 Gotadlloupc u 4.1 2.7 1.4 15 20 
G:J9191Nia 46 35 4\- 46 34 4.0 

Oevelopirtg countnes ~ 7.8 5.0 5.l' 11.8 108 82 
(exdudtng 0-) 3.5 40 44 3.0 5.0 60 

,_,..,... -100 -15 -5 :. -193 -16.5 -10.7 
Developed matllel HoncUas 4.3 39 3.9 4.4 4.3 48 -- 1.4 1.0 2.5 --08 -() 5 22 ~ 2.0 1.7 2." 1.7 1.5 1.8 
Chna 12.8 10.0 8.2 21.7 15.0 10.0 ~ 6.1 65 5.0 '..9 u 2.1 
&stem Europe wld Ueiac:> 2.8 2.5 4(1 u 2.9 5.1 

lonner USSR ~ 0.3 2.9 4.0 6.3 4.4 5.7 
(•.eluding lormer '.lelh9t'.ands Atlllt:rs 
Yugoslavia) -12.1 -10.7 1.t -18.9 -13.6 1.7 erld Aruba -10 1.3 -().7 2.7 2.4 2.7 ...,..,,. -0.6 1.9 30 0.0 3.0 50 

Noi1h America 2.0 2.4 3.C 2.9 2.7 3.8 "-na 7.6 3.0 2.8 72 2.4 2.1 
"·noua-1 1.7 1.9 2.C 0.8 0.9 1.1 

Bennuda 1.9 2.0 2.5 2.3 2.4 2.5 i>eru -2.8 2.5 1.5 -6.2 2.6 1.4 
Canada 0.9 3.0 3.3 0.5 5.2 3.0 Puet1o Rico 1.0 2.5 4.0 1.7 3.3 4.9 
Untied Slallls 2.1 2.3 3.0 3.1 2.5 3.8 S-·.._ 1.4 2.4 H 1.0 1.5 0.5 

1 :in!dad erld T llt.:'.JO 0.0 1.0 1.3 -1.3 1.7 0.6 
Weshlm Europe 1.2 -0.3 1.9 -1.0 -2.8 1.1 iJrug:.my 7.4 3.0 3.8 8.3 2.6 3.6 

v-zue1a 7.3 4.0 2.0 8.3 5.1 3.2 
Auslria 1.5 -0.9 1.t -2.8 1.1 
Belgium 1.3 1.2 -2.4 -1.0 0.9 •"Jj)ial Nrica 
Denmark 1.1 1.1 2.1 1.9 24 1.3 • '<Ut>-Set Ma) 0.5 2.0 2.4 --0.1 2.7 3.3 
Finland -3.6 2.0 1.5 4.4 2.6 
France 2.0 --0.8 1.9 -1.4 -36 0.6 &r.wi· 28 1.1 1.6 5.0 4.2 3.3 
Gennany. easrem part 6.0 3.0 4.2 8.4 4.6 6.1 ~- 4.0 1.0 8.1 
Gemwly. wesllrn pall 1.5 -1.7 1.3 -2.1 -6.3 --0.6 
Greece 1.4 1.5 2.0 --0.9 --0.1 0.7 
Iceland .... 3 --0.7 1.2 -1.5 01 --0.1 
lteland 21 1.2 u 9.8 28 4.7 
Israel 6.4 3.8 6.0 8.5 4.1 6.2 
ftaly 1.0 --08 u -u -3.8 1.3 
lullembourg 1.7 35 33 --0.8 3.4 3.1 
Malla 53 34 4.7 4.9 2.8 4.3 
Netheflmnds 1.8 --0.7 15 0.2 --0.3 1.5 
Nofway 33 0.5 2.1 1.5 -1.3 00 
Por1ugal 2.7 0.8 22 -4.0 0.1 1.9 
Speiri 2.0 --0.4 2.0 -2.0 -3.7 0.4 
Sweclen --0.9 -1.6 1.4 -3.9 -6.3 0.2 
S..Uerlal1cl -()7 --0.5 1.0 --0.7 -t.3 1.1 
Uniled Kingdom -0.f 2.0 3.t --0.6 1.4 2.8 

NORTH AMERICA 

Eastern Europe 8l1d 
3.0 u former USSR 2.0 2.9 2..4 2.1 

(including lormer • • • Yugosla-) -12.3 -10.7 1.0 -19.1 -13.9 1.4 
um 1993 UIM 

Allarlia -16.0 -5.0 3.t -20.0 -12.0 -3.2 
llulgana -15.0 -90 2.5 
Form..r Czedloslowakia -9.0 -3.0 1.0 -12.4 .... 5 --0.7 
Hungaty -3.0 20 -1.5 -1.6 1.9 
Poland 0.5 1.5 3.3 3.4 1.5 4.0 
Roman.a -15.0 -9.0 -22.0 -14.0 -10.0 
Fonner USSR -12.8 -12.0 1.0 -200 -15.0 20 
Fonner Yugoslavia -17.0 -11.0 -2.0 -24.3 -21.3 -10.2 LATIN AMERICA 

AND THE CARIBBEAN 
Japan 0.8 I.I 25 -62 --08 1.8 

2l 1.2 
11 10 3.5 3.9 

Oltler dllvelc.'P8d counir.s 1.4 2.3 2.7 -1.3 0.9 1.7 • • -Aus•ralta 22 3.0 3.4 -1.3 12 2 1 191'.Z 1913 1994 
N9w Zealand 2.S 32 32 S9 3.9 3.9 
South Alnc:a -() 9 0.5 10 -3.4 --06 0.2 

L8lln Amenca •nd 
Kay: 

lhe Cenbbean 23 31 3S I.I 3.0 3.8 I .... Argen- 8.7 60 8S 13.9 91 10.1 
Bllhamu -I.I 23 39 GOP 
Batbedos -30 0.8 4.4 -7.1 04 28 (Pwc.entages) 
Belize --0 3 3.7 43 1.4 1.3 2.8 
~ 38 4.1 42 4.5 49 50 
Bralll -0.9 3.0 30 -3.4 20 20 
Chile 104 so 43 178 70 6.0 
Colombla 27 34 3.8 l.S 28 3.3 
Costa Rica 73 45 4.7 88 SI 54 
Cube -10.0 -30 -11.0 -7.0 -2.0 
Dominican Republoe 7.7 5.3 30 9.S 58 2 I 
EaJedor 37 3.2 3.9 28 32 34 
El Salvador u 4:1 44 53 0 5.2 
Frencll GUl8lla 1.4 08 23 19 2.1 

------------------------
2 



growth for 1992 end profectlons for 1993 8lld 1994 

GDP,,-- INA,,__ GDP.,-- INA.--
~I ~I ~I '-*"91 

Aopllo.......,,,,_ 
,_ 

8urtlina Fuo• .t.O 
Burundi. 2 . .i 
c- ~.o 

Cape V91'd9• 5.0 
Cenlral AlricM 

Alpublic• 0.2 
0-S- 3.0 
Congo 3.2 
a.. dlwoife 0.7 
D;llauli" 2.9 
~~· ~.3 

Ellliopoa end enn.· 1.0 
Gmon 1.5 
G.mtlie• 1.4 
Gfwa 39 
Gui119a• 2.1 
Gt.-- B n •~· 2.2 
K8riya 1.0 
L9sa111o· 3.4 
l.illerill. -1.2 
MeeteQev. .. -2.0 ....... -7.9 .... 0.3 
Maurilmnia" 1.4 ....... 5.1 
Momftbique" 

WESTERN EUROPE 

12 u 1.1 - -0..l. --1.0 
-2.1 

1992 1983 UMM 

NORTH AFRICA 

4.1 u. 
1992 

TROPICAL AFRICA 
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TMle 1.1. Regional and country estimates of GDP and llVA growth for 1992 and protections for 1993 and 1994 
(continued) 
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Table 1.2. Share of manufacturing valu- ~dded of developing countries In world total In 1975, 
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Figure 1.1. Growth rates of GDP and llVA In developed and developing regions, 196M994 
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F"lgWe L2. Sh8re of developing countries In world GDP and world manufllcturing, 1960-2000 
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Figure 1.3. Manufacturing value added of North and South, 1975 and 1994 
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Already the dir-.-ction of United Stales policy is quite 
plain to see. It actually intends to redoce its fiscal deficit. 
which ha..'i be\."Ume a burden lo the world 3.'i well as lo the 
llilited States. Narmw though his victories were in the 
House of Representatives and the Senate. the President 
SU\."\.-eeded in getting legislati,.·e appmval for a deficit 
reduction p;ackage-tax increases and t:>:\penditure reduc
tion.'i--of $496 billion over the llC'Xt five years. The defi
cit reJU\.1ion will lower interest ratt:>s. domestically and 
internationally. and encourage investment which is es
S<!ntial for growth. The United Stales will urge the Euro
pean countries lo lower interest rates in favour of their 
own Cl.'lmomic recovery. and to open markets to the 
fomier East bloc countries. The United Stales ha." a.'>ked 
for and received a pledge from Japan both lo rellate its 
economy with another huge expenditure of putilic money 
to encourage imports. and to revalue its currency lo dis
courage exports. especially to the United Stales. The yen 
appreciated by up to 25 per cent i·i.f·ci-,·i.f the dollar in 
the year to August 1993. The mullibillion...Jollar interna
tional financial packag.: to aid the Russian Federation 
would not have been possible without lhe United States 
initiative. What is required now is a strong and 
convincing United States economic recovery. Will this 
occur"! 

Paradoxically. the economic prospect.; for developing 
countries seem much brighter in the 1990s than during 
the 1980s. The World Bank is foreca.,.ting a surge in 
the growth rates of developing countries over the next 
I 0 years. It projected annual gmwlh r.ites of 4. 7 per cent 
for the coming decade for developing countries as a 
whole. compared with the rate of 2.7 per cent achieved 
between 1982 and 1992. On the assumption that GDP 
per capita will grow al a slower pace. hut still al 2.9 per 
cent per year. the Bank is confidently predicting the 
elimination of mass poverty in developing countries by 
the year 2002. UNllX> projections. which are essentially 
of a short- lo medium-tenn nature. hear out this general 
optimism. The five-year UNIIX) projection puts the 
growth rate for developing countries. excluding China. at 
4.4 per cent per year. China. which is always treated 
separately in the lJNIDO pm_ieclion exercises. is how
ever expected to grow at 8 per cent per year for the next 
five years. 

There are hasic reasons for this optimism. In the past 
three years. when the major dewloped countries were 
taking turns going through one of the wor~;l economic 
recessions. developing countries remained largely un
scathed. maintaining an average J.2 per cenl overall 
growth rate. Such a feal i.; all the more impressive when 
ii is considered that the EC countries. working together. 
were scarcely able to achieve such a high joint growth 
rate even during the most prosperous years of the 19ROs. 
Investors were quick enough to notice and exploit such 
a disparity in perfom1ance. The past three years ha\: 
witnessed an unprecedented increase in private invest
ment flowo; to developing couniries. This sudden transfor
mation of investor confidence reflects the often painful 
economic reforms undertaken hy developing countries in 
recent years. under which trade and financial mies have 
been liberali1.cd. puhlic finances hrnught under control, 
unprofitahle State enterprises sold off, and State control 
in industry and commerce ha'i been generally reduced. 
But, as will he noted shortly, the "push" effect of the 
low interest rates in the United States has helped a great 
deal as well. The success hy the new United States 

---------------------··--- --- - - -- -- ---- --- ---- ------- - ------ ----- - --

administration in lowering long-tem1 interest rates prn
\·ides a genuine opportunity for gmwth in the United 
States and for the rest of the world. 

The most significani change fur developing countries 
in recent years ha.-. been. howe\'er. their willingr>ess to 
experiment with an open C\.'llnomy. Developing coun
tries. "'ith their fr.igile industrial bases and fear of 
foreign economic influeoces. have always felt infinitely 
more comfortable with an insulate<l and dosed ecimomy. 
Decisions to eliminate tariff barriers to expose domestic 
industries to international competition anJ tu allow free 
capital movement-; acmss borders to encour.ige foreit:n 
direct investment signal the end of a self-imposed i.;.lla
tion by these countries. It is particularly imnical. there
fore. to find that de\·eluped ~:ountries have in the mean
time decided lo move along in an opposite direction-in 
the direction of managed tr.ide. One prediction that '-·an 
he made is that. under the new United Slates economic 
kadership. free trade as such will underl_!o careful scru
tiny a.'i a functioning system not only for facilitating the 
exchanl_!e of goods among countries. but ahu to balance 
conflicting national economic interests of trade partners. 
including the secondary impact on domestic industries. 
The immediate hope for developing countrie-. is. there
fore. a strong United States economic recovery that will 
reduce the immediate trade pressures on the United 
Statt:>s administration even as it pr.wides a stimulus to 
developing-country growth. This will gi\·e the United 
States and the rest of the world time to n:soln: trade
associated problems gradually and rationally. 

C. Prolongation of the ecomomic downturn 

Although growth has picked up in the Unitl"d St;1tes. 
the outlook for Japan and Europe has delcrioratc.·d. making 
economic recovery in the United States much weakl"r. A 
generali1ed economic recovery in the more ad•,;;mct:"d 
developed countries. and thus for the world as a whole. 
therefore remains even more elusive. and fe;irs of the 
glohal economy slidinj? backwards into an even longer 
recession is prompting many international orga1111;1tions 
to revise downward their original growth fore'-·asls. The 
prolongation of the gto:lal economic downturn after 199 I 
is evidently due to the staggered n;1ture ol the current 
recession-each major developed country undergoing 
recession within a staggered time-frame. There." arc. how
ever. indications that the current rece,sions will require 
much more than a quick restoration of consumer confi
dence in each country. for one thing. growth in real 
income in mosl major developed countries has heen )>O 
low and for so long (see figure I. I). that hoth the national 
savings and inves!menl ratios have been sliding down. 
undem1ining the strength of recovery and future growth 
prospects. Rut. more impc>rtantly. the long 'low )?rowth 
has deprived these countries of the essential ahility to 
implement structural a,ljustments without invitin~ in 
tum a m;1jor economic downturn. In the meantime. 
Ciovemments in many of the countries have heen effc"·. 
lively deprived of the U)>C of fiscal and monetary polil.:ies 
to counter these recessions. Today. for instance. no 
major developed country. eitcluding fapan, is in a pc1si-
1ion to raise the aggreg:lle level of demand thrnuj?h 
puhlic spending. In a capitalist economy. an occa)>ional 



recession is unavoidable. with the public being ac~·us
tomed lo government action to steer the economy out ,lf 
recession. The public would surely become extremely 
wary if it realized that the economy was rudderless. or 
even steered with the wrong ruddl"r. in the midst of re
cession: witness the recentl'. sweeping phenomenon of 
corponite "downsizing" or "re-engineering .. in the more 
advanced developed count1 ies. which promised to create 
millions of job redundancies in the name of enhancing 
international corponite competitiveness. 

The prolongation of the current recession is therefore 
due to a generally lowered expectation for future gmwth 
held by both consumers and businesses in the more ad
vanced developed countries. and to the fact that the same 
consumers and businesses are left to seek a "market 
solution .. for their own problems as well as the global 
recession. The consequence of this is that not only is the 
resumption of growth uncertain. but the profile of future 
growth remains largely undecided: the overall shape of 
growth achieved through atomistic competition and spon
laneous decision-making in the market place is txmnd to 
differ from growth obtainable through a joint strategy 
involving the Governments of a few major industria
lized countries in command of their .own macroeconomic 
policies. 

D. Lower interest rates and economic growth 

In the name of controlling inflation, the world in the 
1980s paid a sleep price in growth and development. Not 
only did the average growth rate for the world as a whole 
drop, but the strain of having to cope with various prob
lems of structural adjustment internally and between 
countries in a slow-paced global economy became quite 
unbearable. In many countries, the combination of slow 
growth and high real interest rates effectively discou
raged investment in the real production sectors and pro
duction-related infrastructure. and encouraged financial 
speculation. Real-estate prices soared, and the prices for 
manufactured goods and primary products kept easing 
domestically and externally. In both developed and de
veloping countries, real wages generally failed to im
prove. Employment in developing countries increased 
steadily. but real wages declined continuously. In devel
oped countries. however. the progress in productivity led 
to unemployment rather than to high1:r wages and 
income as capital share increased. With real income stag
nant, developed countries have become increasingly pro
tectionist, not only against cheap imports from low-wage 
developing countries, but agains1 imports from one 
another. Foreign direct investment, used as a newly dis
covered instrument to circumvent actual and imagined 
trade barriers. inevitably resulted in duplica•ed produc
tion facilities all over the world, and caused excess world 
capacity, especially in the steel, automobile and electron
ics industries. In the meantime, more and more Govern
ments kept becoming large debtors themselves, and by 
the time recr-ssion commenced, they were powerless and 
could not contain it. 

Currently. inflation in the major developed countries 
remains at a modest 2 to 4 per cent per year. By August 
1993, lower inflation expectations in the United States 
and the deficit reduction plan had pushed the yield on a 

30-year United States Treasury bond to 6.53 per cent. 
down from 8.6 per :.:ent in 1990, and 7.69 per cent in 
early November 1992. Given the 3.1 per cent consumer 
price :ncrease observed in the second quarter of 1993, 
reai interest rates in the United States have finally 
dropped below 3.5 per cent. and closer to the GDP 
growth of 2.3 per cent forecast by UNIDO for the United 
States in 1993. Thus for the first time in more than a 
decade. interest rate premiums on long-tema industrial 
investment need not be double or triple the rates of return 
which the economy ao; a whole is capable of pmducing. 
Furthermore, the immediate impact on businesses is in 
their cash now. Thus. lower interest rates are expected to 
save United States business some $30 billion. home
owners !>Orne $22 billion. and Government some $30 bil
lion a year. Over $100 billion could be made available 
for spending on housing and on new plants and equip
ment by 1994. 

The successful lowering of long-<e1m interest rates in 
the United States broke the international log-jam which 
has kept global interest rates so high for so long. It might 
have been genuinely the cao;e that a belated reali1.ation by 
Germany of the seriousness of its own economic reces
sion prompted its interest rate cuts. However. the deci
sion to lower the German interest rate would have been 
impossible in the absence of the precedent set by the 
United Siates. especially without endangering the inter
national standing of the deutsche mark. Most EC coun
tries saw the need to lower their interest rates in the face 
of the worsl recession since the 1930s but were con
strained from doing so by the parity provisions of the 
exchange rate mechanism (ERM) of the European Mone
tary System. However, in September 1992 Italy and the 
United Kingdom were forced by the international finan
cial markets to exit from ERM; consequently. their 
currencies were devalued and their interest rates signifi
cantly lowered. As a result. signs of an end to recession 
and an economic turnaround. had by mid-1993 become 
clear in the United Kingdom. The financial markets con
tinued pressure on the remaining members of ERM. with 
the result that by the end of July 1993 this pressure 
became almost unbearable, and ERM itself all but col
lapsed. It had become increasingly clear to the interna
tional financial markets during July 1993 that allempts to 
maintain some currencies. such as the French franc, 
within the prescribed parities of the unreformed ERM, 
were reminiscent of the linking of various major curren
cies in the 1930s to the Gold Standard, and similar 
economic damage was occurring. At the beginning of 
August 1993, the consensus in the markets was that al
most all remaining countries of the ERM will reduce 
interest rates in a mailer of weeks. As and when this 
occurs. EC countries will see their recessions coming to 
an end and a gradual return to growth. 

Lower interest rates in the key currency countries, 
includi:ig Japan, would directly reduce the external debt 
service charges for developing countries. and assist these 
countries in lowering their own domesric interest rates. It 
is hoped that the era of high intere!>t rates has finally 
come to an end, giving developing countries a chance of 
gelling growth restarted. The benefits of lower interest 
rates to indebted developing countries are ohvious. The 
aggregate eittemal debt of developing countries, most of 
which are in various stages of debt restructuring, is still 
estimated to exceed S 1,200 billion, of which, the interest
rate-sens;tive portion amounted to $698 billion as of 
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June 19'12.• A IOU-bases poinls reduclion in in1eres1 
rates would lherefore save lhese countrie' some S7 hil
lion a year in hard currency. That these are signifio.:ant 
sums to de,·eloping counlrie' can be seen from the fact 
that the net trJnsfer of fin1ncial resoun:es 10 de\·etoping 
countries amounted lo S2M billion in I IN I and S25 bil
lion in I 91J2. 

Of !he SIJ.t billion in aggregale resoun:e innows lo 
developing countries which took place in 1992. more 
than half originaled from !he privale sec1or iespecially 
fmm !he non-hank private sectnrl. renecting a rea.sses'>
ment by in,·estors of the perfom1ance and prospects of 
developing countries. The mu!tilaterJI financial institu
tions usually '"·redit this change of pen:eplion to 1he pain
ful reli.mns undertaken by developing countries. espe
cially their finan'"·ial and trade liberaliLation mea.'iures. 
Only a few years ago. !he idea of New York inslilutional 
investors voluntarily purchasing Mexican Treasury hills 
denominated in new pesos would have been un1hinkahle. 
Since 1991. foreign investors ha,;e reportedly purchased 
$9 billion in Mexican Treasury bills (which currently 
earn 17 per cent per annum). and some $20 billion in 
Mexican hank certificates of deposit (which earn as 
much as 22 per cent annually). The main deterrent. the 
currency risk associated with these invesiments. proved 
to be minimal--devaluation of less than 5 per cent of the 
new peso per year so far (compared with the one-time 
devaluations of 20 to 30 per cent of some key European 
currencies during the same period). 

This explosi""e growth in portfolio investment nows In 
developing countries was assisted by a steep fall in short
term interest rates in the United Stales, starting in mid-
1990. Between mid-1990 and mid-1993, short-tenn hank 
rates declined from over 8 per cent to :\ per cent per 
annum. bringing the rate down to the lnwesl level since 
1964. Huge amounts of savings hi!herto held in certifi
cates of depo<;it and money-market funds sought outlets 
in stock markets. often through mutual funds. However. 
with economic recovery taking more time than expected 
in the United States. high price-to-earning ratios have 
made the yields from stocks generally less attractive. In 
contrast, many so-called .. emerging markets" have 
shown much heller perfonnances. The annual foreign 
equity investment in these newly established stock mar
kets in devt>loping countries increased from $0.4 billion 
in 1989 to over S6.0 billion in 1991, and to an estimated 
$5.2 hillion in 1992. Including international bond finan
cing by developing countries. the total priv<11e portfolio 
investment flows to developing countries jumped from 
$7 .6 hill ion in 1989 to $20.J billion in 1991, and are 
estimated to have reached over $27 billion in 1992. 

During the same period, the share of Unitc:d States 
dollar-based international lending soared from 60 per 
cent of all lending in 1990 to 86 per cent in 1991. and 
well over l)() per cent in 1992. The share of European 
currencies with relatively high interest rates fell sharply: 
the pound sterling. which made up 17 per cent of loans 
in 19911. contr.1cted to a liny J per cent, and deutsche
mark-hased lending, which constituted 4 per cent of 

•Thi, cnn•i•I~ of 1hc- lolal exlrmal datm• of hank< in lhr rrponinj? 
arra of tht Rank for lntrmallonal Srttlrmcnl• and lhc offi.-1al and of
ficially jl:llaranleed or in•ured trade-rrlalccl claim• of hank• and nnn· 
hank, in 211 coun1rie• of lhe Orjlan!'alion for Economic f'ooprra11nn 
and Ocvelopmrnl (Of.CPI again•I dnclnpmi; ~ounlnr•. rxdmlmj? 
,uch fin •• :cial cenlrr\ a~ Rahrain. Sinitapore and V~n11a111. 
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international loans in 11)9(). almosl disappeared by 199 I. 
Yen-haSC'd loans. which made up 7 per cenl of interna
tional lending in 1987. disappeared almo"l '"·omplelely by 
l'NI. howewr. for different reason ... Lower inlere"t rates 
in lhe FniteJ Stateo;, therefore. had the efl'n:t both of 
!;ailing finally and reversing 1he past trend of inter
national intc:re,t rale hikes. and of prm·iding the interna
tional community wi1h a much-needed. single rekre~e 
currency with a single rekrem.:e interest rate. Since ell
ch.mge rJte risks are an important component of the 
overall cost of international capital. this was abo a posi
tive de\'elopment for capital-importing developing coun
tries. Many economists believe that dedining interest 
ratc:s could add 0.5 to I percentage point to linited Stairs 
economic growth in IWJ. The: impact on developing 
countries. especially to th"o;e with high external debts. 
could be considerably greater. 

E. The halving or Japan's trade surplu.'i 

During 19'12. world trade expanded hy 4.5 per cent
an unusually high ratt", given the depressed status of 
mnld output. Om: of the reasons for this is undoubtedly 
the staggered nature of the current world recession. 
which is causing rising and falling economic activity 
levels in different countries at different times. The low 
growth in world output and its uneven distrihution among 
the major trading countries hmught ahcmt an unexpected 
result. that of concentrating the world trade surplus in a 
very few countries. Specifically. in the fiscal year endin)! 
31 March 1993, Japan achieved a record trade surpluo; of 
$111 billion (on a customs-cleared basis) which amounted 
to 47 per cent of the total world trade surplus-the sum 
lotal achieved hy all surplus countries in 1992. The fact 
that Japan started slowing down precisely when its trade 
partners were all poised for expansion. even at the rio,k of 
incurring larger trade deficits, has had its impact. During 
1992. therefore. the trade surplus of Japan with the 
United States widened from $.38.46 billion to $46.11 bil
lion. with the EC countries from $28 billion to $.31 billion, 
and with the developing Asian countries from $35 billion 
to $44.8 billion. In the meantime, the Japanese tr;1de 
deficit i·i.f-iH·iJ the rest of the world. including the oil
exporting countries of Western Asia, decreased to 
$30 hillion. producing the record surplus. 

Soon after Japan·s announcement of the 1992 trade 
surplus, the United States proposed to Japan th;1t it 
should reduce its surplus, not only with the United 
States. hut with the entire world. by as much as 50 per 
cent over the next three years. Although prompted hy the 
chronic Japanese trade surplu.,, this proposal could con
siderably alter the level of future world trade, as well as 
the size of international capital flow. This is because. 
whether concentrated or not, the overall size of the world 
trade surplus (which is equal to the combined sum of 
deficits of all trade deficit countries) bears a close rela
tionship with the overall level of world trade, as well as 
constituting the direct source of international investment 
capital. The level of world trade, i11 tum. frequently 
affects and determines the level of world output. The 
interdcpendt"nl relalionship between output, trade and 
trade imbalance is not a static one, as was argued in 
(i/oh<JI Rt'port 19115 ([ 11. chapter I) 1he first in the series. 



However. ii has shown enough hislorical consislc:ncy lo 
W3IT3111 doser ~ru\iny. 3.'i is hric:ny renccleJ below. 

Firsl. reganJing the: tr.1.de and oulpul relationship. since 
1981 the worl<l "-" a whole ha" heen selling a.,iJe on an 
average: a liule more than 18 per cent of the goods and 
services ii has prnduced annually !or international lrade. 
The r.itio he1ween world tr.ide (measured here by ex
pons) and world GDP at:tually r.inged fmm 17.7 per \.-Cnt 
(19Khl to :!LI per cent (191\1 ). Even within this narmw 
range:. lhe ralio varied in slricl conformity Ian inverse 
relation) to the gc:ner.ll level of world economic acti
••ity-with a dear tendency to increao;e during periods of 
economic recc:s,.ion. and to decrease during the expan
sion&U)' phase. This obserntion simply confimls the: fact 
1ha1 lradc: mimics lhe behaviour of oulpul. hul moves al 
a much quicker and exaggera1c:J lempo. 

Since intc:malional 1r.1.de is carried oul hy indi\·iduals. 
if -.uch lrade was free. lhe auempl 10 halancc: expons of 
a count!')' againsl ils impon al a particular lime would he 
nei1hc:r fea.sihle nor desirable. F11rthc:m1ore. countries ex
poning more than their impons are in fact tr.insferring 
resources to olhers requiring exlemal financing. Giwn 
the wide scope for in1ema1ional resource nows. the world 
trade imhalance (measured here either by the sum total of 
trade deficits incurred hy all individual deficit countries. 
or by its counterpart - the sum total of surpluse!I>) has 
remained extremely modes! since 1974. when I .RR per 
cent of world outpul was transferred from surplus lo defi
cil countries. The current iatio of world lrade imhalance 
againsl world GDP is estimated to he less 1han 1.20 per 
cent. The year 1974 was adminedly an exceptional year. 
when lhe quadrupling oil price produced many sudden 
surplus (and deficit) counlries. The ratio dropped 10 
LI 3 per cent in I 9R2 in the wake of lhe so-called third
world debt crisis. but recovered soon after ( 1.49 per cenl 
in I 9R4. 1.6 7 per cent in 1985. and 1.70 per cent in I 9R6) 
with a liherali1ed and increasing capital transfer. mainly 
among developed countries. It has. however, heen steadily 
declining ... ince 1986 with a gradual diminution in the 
number of capital-exporting countries both 1radi1ional 
(such as Gennany) and upslart (such as the Republic of 
Korea). Indeed, lhe ratio dropped to 1.12 per cent in 
1990. when Gennany swi1ched its stalus to a deficit 
country. and Japan became practically the only major 
developed country carrying a si1.eable trade surplus. As 
mentioned earlier. by 1992 Japan's trade surplus of 
$111 billion had become the source for almost half the 
total global resource transfer.• 

The gradual shift of emphasis from macroeconomic 
to micro-economic decision-making in the 19ROs has al
tered the very precept of intemaiional division of labour. 
and changed the course of global industriali7.ation sig
nificantly. Under the post Second World War Rretton 
Woods system, countries tried to match exports with 

• Am~her way of looking al the overall wnrld trade imhalan4"r i• to 
rellanl it a< the necl'«ary co<I for cnnduclinll world lradt". A• any 
hu<ine« per<0n know<. at any !liven rime. a proponinn of <ale< ha< rn 
he oul<landinll nn cred11 · ·- otherw1.c: <ale< would dee lint". In 1974, lht' 
toral comhined trade dt'licit of all dt'licit counrrie< amounll'd tn ahour 
SR9 h11lion, or 9.2 per cenr of toral world e•pnn< -a hi<lorical high. Ir 
u!ICd 111 he around 4 per ctn! in the 1960<. and incru<ed to R to 9 per 
cenl during the two oil cri<t'<. In rhe mul· 19Rlk. the ratio climhed had 
to R per cent ticcau<e of the ma«ive ere.hr <ale< In the lfnitt'd Srate<. 
Otherwi.e rhc ratio <lay< within rhe ranlle of 6 to 7.5 per cent. Thi< 
mt'an< that if all the e•pnne1< !lave a rehate of 6 tr. 7.5 pl'r cent on rhtir 
<ale< al the end of any li<eal year. world trade would he in complete 
halancc, incl11dint1 all hilareral trade. 

their import requirements. or ll, import :is little :i.-. their 
export e:imings coulJ :ifford. sdting a limil to inrema
tion:il specialilation. The focus ,,f th(' Bretton Wood-. 
syslem wa-. on lrade among countries. However. lhe new 
sys1em of trade invoh·ing individu:ils. lad.ing the: "·on
straint of :i national discipline. ha.'i :illowed intem:itional 
speci:ili1ation to pmceed more or f('S.'i u:ichecked. At the 
same lime. the new trade regime ha" exposed all domc:s
lic pmducers. not only !hose engaged in export indus
tries. to intema1ional pril-e "·ompetition. creating a genuine 
pmbability !hat a country could lose a whole speclrum or 
industries in one sweep. A managed trade system. in the 
conlext of eslablishing an 1n-erall ceiling on national 
import'I (compared to the more rigid sector-hy-sa.1or 
adjustment targeting) remains. therefore. a real possi
bility for <i country such as the United States. concerned 
about .. deinJus1riali1.ation". 

F. Prospect or trade dinrsion and 
global industrial realignment 

Managed trade. in one version or another. looms l:irge 
on the global scene_ One reason why free trade h:id a 
rough ride in recent years stems fmm the persistently 
high unemployment figures observed in the more ad
vanced developed countries. When the global economy 
is poised for an upswing. protectionist sentiment subsides 
and trade expands. This rime around. however. some 
countries are detennined to keep whatever fragile growth 
stimulus !hey have found or generated for themselves
to expand domestic oulput, and not to disperse it on 
imports. The lJnitec.i Stale~;. which hailed oul the world 
economy in l 9R I by opening the noodgale to foreign 
imports. is far less inclined this time to play the same 
locomotive role. Unlike in 198 l/K2. the United States 
e..:onomi1· recovery starts with a i ... ge trade deficit and 
high unemployment. A fall in Unired States unemploy
menl to 7.1 per cent in January 1993 indicated that the 
4.R per cent economic growth rate of the fourth quarter 
of 1992 was beginning to dent the high unemployment 
figures. The 106,000 newly created non-fann jobs con
stituted, however. only a third to a half of the monthly 
increase registered in previous recoveries. Manufacturing 
employment increased by 50,000 in the fourth quarter of 
1992 to 1.75 million. But this was in pale comparison to 
the 200.(XlO manufacturing job losses rtgistered in the 
third quarter of 1992 alone. On the other hand, \he strong 
United States showing in the fourth quarter of 1992 has 
brought about a surge of imports. 

If the United States is to create growing job opportu
nities. a steady 4.5 to 5.0 per cent rate of growth has to 
he maintained without a further deteriora1ion in its trade 
balance. Such growth rates for the United States were 
common in the 1960s and 1970s. In the l9KOs. however, 
the United States achieved the necessary growth rnte 
only once--in the second year of recovery after the 19R2 
recession, and before its dependence on imports became 
a structur:il rarher than cyclical prohlem. The employ
ment gains in manufacturing achieved in 19R4 have also 
long since disappeared under the nood of imports. This 
unsatisfactory job-creation record prompted the new 
United States administration to pronounce an "aggres
sive and targeted" approach to create "the high-wage 
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jobs of~ fulure ... • Linder lhe 1.·in:umsl;in._-cs. ~ l;niled 
Sures is bound lo lake a sean:hing kx»l ;ll ih rraJirionoal 
lr.kk policy. see.-• .._,. ;m exlens1on of i!s new indusuioal 
poliq. lmplicil in this 1.·hange of policy is lhe nttd for 
~ m·er.all slruclure of United Slales imports lo ~rgo 
a scclt>r-by-scctor 5':ruliny which ~·ill ine,·iubly lead to 
a large-scale modification in its existing bilateral lratle 
relalion.-.hips. fon:ing another global reslfU\."turing in 
leml.'i of oulput and employment. Notwilhstanding the 
diplomatic success of President Clinton al the Tokyo 
summit. held in July ltJ93. of lht: Gmup of Seven n13jor 
indu..,triali1.ed countries and lhe optimism generated for a 
not-un.'ialisfactory 1.·ompletion of the (.;ruguay Round of 
lalks under the General Agreen~nl tm Tariffs anJ Trade 
CGAITI. ~ very significanl change of Gtl\·emntcnl in 
Japan in Augu."l !tJ93 add-. a new element of uncertainty. 
The uncertainly may arise out of new differences of 
policy ,.;_f·ci-l·is Jap;m"s major ~ners regarding Je\·d
opntc:nt cooperalion. lr.kk and in1eres1 anJ exchange 
r.ites. 

An examinalion of the re!alionship belween oulpul 
and employmenl in ~he Uniled Stales shows lhat e\·ery 
SI billion in exlra manufactured import.-. in tl)l;I) would 
have cost lhe United Slates C"-.:onomy 17.650 jobs. of 
which 7 .060 would have been in those manuf31."turing 
induslries directly affected. Similarly. an addilional SI t-il
lion in manuf31."turcd expons in 19'Xl ~·tlUIJ ha,·e crealed 
15.100 new jobs in the economy a.'• a wtinle. and 6J>-IO 
in the industries experiencing the export boom. The dif
ference in lhe impact of imports and exports on employ
ment figures slems from the fa.:l lhal lhe composition of 
United Stales expons differs frnm its imporl composi
tion. Nol surprisingly. United Stales expons generally 
contain les~ labour inpuls lhan ils impons. • • This rela
tionship holds true e\·en for lra<le with Japan. In tcnns of 
those manufacturing induslrics directly affected. Unilcd 
Slales exports lo Japan in 1990 conlaincJ. on an average. 
5.76 man-years of labour per SI million in sales. which 
compared with 6.57 man-year unils conlaincd in lhc 
e'lui,alenl sum of imprn1s. This means lhat 1hc Uniled 
Slalcs can create more jobs more quickly by culling 
impons rather than pu<ihing exports lo reduce its massive 
bilaleral 1raJc deficit In 1990. the United Slates exported 
$33.7 billion worth or r11anufac1ured goods to Japan, and 
imported $89.8 billion worth of manufactured products 
from that counlry. 

In 1990, the UnircJ States exported to EC countries 
some SRO billion worth of manufactured products. con-
1aining on an average 6.0 man-years or labour input per 
$1 million. The Uni1ed Slates. in tum. imponcd SM I bil
lion worth of manufactured good'i from Europe. which 
would have required 6.33 man-years per SI million lo 
pmdul·e domestically. The recent row between the 
Unilcd States and 1he EC over telccommunicalion'i and 
heavy electrical equipmcnl contracti; in Europe invoh·es 
the surprisingly labour-inten-;ivc electrical machinery 
industry in both the United Stales and Europe. The 
numhcr of employees per $I million of gross output in 
the electrical machinery inJuslry in the l;niled Slates 

•A• •larc1l hy Prc•11kn1 Clmlon m h" Sraro: nf rht t :mnn nit"a~<' 
10 ('11n11rc" 

.. 1111• 1·11ndu<1on cnnrrach~•· rile- "'·called l.c"nnlld raracl<n ....... 
cnr. no 1hrccr comra""''" " po•<1hlr d11t horh 111 rile- lon11 re'""" nf 
111no: which ha• ra«rd \lllCt lhn<r on11mal caknlaunn•. and In d1fft· 
rcnco:• m lht valua11on llW'lhod• U\Cd 121. 
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~-a-. 9.7! in 1980 anJ 7-5-1 in itJ9l>. representing a :!J ~ 
'°cnt impru,·ement in l:ihl.lUr pruducli,·ity in a Jel.·atk. 
Howc,·cr. :he inJusiry remained relati,·dy lahour
inlensi,·c. the 1.·omparali,·e figures for the l;nileJ States 
manuf;k;luring s...""Ctor a." a whole being ti.87 in 19811 and 
6.1 :! in 199U. For cxaclly the same: rca.-.on. the imlustry 
remains imponanl for EC ctlUntrics. where the 1.·ompara-
1i,·e lahl.lUr 1.·on1ent figures for the inJuslry were 11.69 in 
1980 and M.53 in 1990. 

The EniteJ States currenlly runs a healthy trade sur
plus with EC countrics. postponing the need for a Je
uilcJ sn:tor-hy-sector examination of l"ni1eJ States 
trade wilh the EC for lhe lime being. The 1.·un.'iCqUCO\."C of 
this surplus is that the m.ain ft1':US of the llC\Ao liniteJ 
State'i tr.atk policy ha.-. been JirecteJ toward." Japan. 
China and other Fi-.t and South-Ea..'il Asian olUntrics. 
The huge UnitcJ Sla~cs trade deficit wilh Jap;m ha." be
come a perennial pmblem for hl.llh 1.,lUnlries anti c\·en 
for the worlJ cctmomy a.'i a whole. In principle. bilateral 
trade imoalaoccs. no maller how serious they mighl he. 
WtlUld be acceptcd by counlries if 1heir 1.,lmbined aim 
wa.'i to crcale a genuinely free multilalcral tr.Ide system 
for lhe whole world. Japan ha-. been underlining its lradi
tional sund for a globally integrated. againsl a regionally 
ha"ied. trade system. and .. rulc-ha'iaf"". againsl ··resulls
oriented"". trade policies-lhc appmach the UnilcJ States 
inlend'i In U'iC In pry open Japane'iC markets. Japan"s 
ad\·ocacy of adherence to free markcl and free trade prin
ciples is ha.'iCd on mon~ than just pure ideology. Japan 
imports raw ma1erials and cxpons finished pnld1k.·ts. 
which require.. a multilaleral glohal sy'ilcm of trade 
halancC'i as a "3sic prccondi1ion. With only a difference 
in degree. the silualmr. is common to all counlric'i. in
cluding the Uniled Stales. Howc\·er. for the lime hcing. 
the world is tlefinilcly heading for a hclerogencous trade 
balance and multilayer clearance system. in which lhc 
lrade surplus of Japan i·i.Hi-,·i.{ lhc Unilcd States in par
licular is cxpccled to decline. 

In 1993. China is expected to hcconie one of lhc .. lop 
lff" extxlrling countries in lhc world. The cxtraorJinal) 
exix1rt growth nf China. especially ,.;_f·ti-l·i.f the I fnited 
Slates. has jllaced lhe China-lini1ed Slates trade rclalion· 
ship in a much similar situation lo the Japan-linilcJ 
States ;rade rdation.,hip. While lhe Unilcd States is de
manding truJc lihcrali1ation from China and impro\'cd 
access 10 its markets, China still secs early GA TT mem
bership a'i one way of dealing wilh bilateral prcs,urcs 
from its main 1r;1de panncro; including lhe United Slalc'i. 
In sharp contralil. mo~;t of the East and Soulh-E:l\t Asi.m 
coun1ries. long accused of traJe malpraclil.'cs. ha\C gone 
ahead by Ji,·crtmg their lrade from 1hc Unilcd Stale" anti 
focusing increasingly on !heir own gcogr:iphi.: region. 
lnlrarcgional trade among the Asian countries hao; been 
growinJ? 'iincc lhe mid-1 l)KOs. The pace has. howc\·er. 
accelerated since 19K9. when lhe lJniled Stales growth 
rale st;u1ed Jedining. anti with ii hcg;m the build-up of 
pressure by the lfni1ed S1a1es on lhese countries to rc
du.:c their hilaternl trade surplusc'i. In 1992. of the 
$4K7.7 billion combined export figure ol nine A'iian 
de\'eloping ernnnmies. • $1-1-1.~ billion or fully .'lo per cent 
or ii con'ii'ilCd or elltx•rlS to ea.:h Olhcr. whi!c $10~ .. 'l bil
lion or les'i than 22 per cent of their comhincd exix1rts 

•lnl'lmhnJE C ·111nd, llnnJI KonJE. ln1S.•M\ld, Rrpnhh<' or Knrrd. 
Malay.1a, f'h1hpp1M•. Sm11ap11r ... Taiwan Prov1ncr and Tha1lancl 



w('nl lo lb(' L:niled Sl:il('s. In .:onlr.L'il. lhe l7niled Stales 
usai lo provide 31 lu .U per .. ~nl of lb(' lolal ('ll.pon 
marlel ~hare fo1 lh(''< Asian countries al 3 .:ru.:ial stage 
of lil('ir ('Xpon-Jri \·en inJu~lrial Je\·elopmen! Juring lb(' 
19l\Os. The n('('\f for grnwing Soulh-Soulh lraJ(' argued 
in Global Report N.'i5 I[ l I. chapt('rs Iii ;!JlJ iV) s«ms 
lo ha\·e ~n ~-ogniLeJ in pr.k:lice at la.;1_ 

1\e,·enb('less. one cl'1n~uenc(' ha..,; ~n that lhe 
t:niled Slates ha.' been running Jttlining. but persi.;t('nl. 
hilaleral tr.&Je deficil'i with mosl nf the East anJ South
f.a.,t A'ian J.:,·dnping a:nnomi('s_ These deficits com
bin('tf slt•oJ al SJ I billion or almost -17 per cenl of total 
l'. niled S1a1es glohal lr.ide deficits in 1991. With lb(' 

exc('plion of China. lil('se economies ha\·e ~n running 
~licils wilh Japan. amounting to S325 billion in 1991 
anJ C\{Uill lo just undr:r a thin! of th(' global lr.iJe sur
pluse.; of Japan in lhal y('ar_ Quite dearly inJuslriali1a-
1ion in lhe Jewloping Pacific Rim countries has changed 
lhe pall('m of trade anJ in\·eslmenl flm11.-s among coun
lries in lhe regioa. Figure 1.4 is a simplified slctch of 
how 1b(' paucm of lr.ide and in,·eslmenl am1mg some of 
1b(' Pacilio.: Rim counlries has changed from arounJ 191\0 
lo the present. anJ how il seems lilely ln ernh·e during 
1b(' r('sl of lite Je.:aJe. Figure IA shows 1b(' sl:alegic role 
lhal Asian countries have been a.'signed anJ have come 
lo play so effecli\.ely in 1b(' lriangular industrial rdalinn
~hip of produclion. specialilalion anJ lr.ide with !he 
l7niieJ Sl3les and Japan. lhis inJuslrial relationship. 
inasmuch a.'i ii ha.s been moslly uni-dim.:lional in prodocl 
tlo-~-. has been aberralionaL II also had ils uhimale Ii mil 
in lhe willingness of lite L:nileJ Slates 10 accommoJale 
ii. The mes..age is no~ dear. or ha'i ~n for some lime. 
lhal the limit has inJeeJ been brca.:he~. 

b·en when lhe l'.niled Sl3le'I lrade bal;ince becomes 
lopsidedly fanlUrahle. nverconcem for Jomeslic employ
menl pel'isl"i. L'niled Stales expons lo Mexico ha\·e 
grown from SI:! hillinn in 191\6. when Mexico began 
reducing lariffs. lo S..J..J hillion in 1992. The l'nnh 
American Free Trade Agreemenl l!"AFT Al will elimi
nale lariffs on mosl lrade b('1ween lhe United State ... 
Canada and Mexi.:o. creating the world's higgesl lrading 
hloc. \\'ilh a hosl nf yoi;ng. well-lrained worlers willing 
10 work for SN> a week. Mexico provides lhe Uniled 
S1.1le'i and Canada wi1h a praclicable ahemaliv.: lo lhe 
lriangular indu.;!rial rela!ionship and lhe produclion 
arrangemenl inrnh·ing 1he Sou1h-F..as1 Asian c1;un1ries as 
shown in figu~e 1.-1. Access 10 cheaper lahour is. how
ever. nol a priority gnal of lhe Gni1ed Stales for lhe 
lime being. All 1he same. lhere is lhe danger of repealing 
lhe mis1ales made by Gem1any in ils lransilion after 
reunilicalion. where wages in lhe eas1em ponion were 
anificially increased and lhc environmemal and lahour 
slanJards draslically raised before the pool of relali\'ely 
cheap lahour could effecli\'ely he ahsorhed and u1ili1cd 
for 1he benefit of all. This being said. ii is s1ill no more 
1han a question of lime before r-;AFT A. in one version 
or anolher, or even in ib expanded version including 
olhcr La1in American countries. is expecled 10 come to 
pass. 

In 1990. the United Slales exponed lo Africa S<d..J 
hillion in mcrchandi'it (mainly 10 F.gypl and Algeria). 
This amounted lo no more lhan 1.6 per cenl of il'i lotal 
cxpons to 1he world. Allhough lhe figure repre'itnls a 
12 per cent improvemenl since 19R5 (a low poinll. ii 
shows ahsolutely nn improvement frnm lhe $6. Ii< hill ion 
observed a decade ;igo in 1980. As a source of impons, 

African counlries ;ire a linle more significanl to the 
l7nited States. The l'.niled Stales imponed fmm African 
counlries a c•m1bin('tf sum of SJO billion in 1980. 
SllUO billion in 1985 and Sl5.U billion in 1990 tall in 
nominal cu~nl dollars)-70 lo 75 per cent con.slituling. 
impon:; fmm 1hree or four oil-pniducing African coun
tries. The rest of Gniled Srales imports were apportioned 
lhinly among -18 lo 49 counlries whose primary e\port 
earnings depend on two or three export commoJilies 
each. The impact of change in United Stat('S lradc policy. 
til('refoore. W\•uld nol be a direct one a..' far a_.; African 
countries are concerned. r\ Uni1ed-S1a1es-ini1ialed world 
economic recm·ery mighl. however. lead to iocreased 
dcmanJ ;inJ imprm·ed pric~ for their expon com
modi1ics. 

G. I~ ~ap ~lwttn dneloltftl 
and denloping countries 

Many developing counlries possess an ahsolule ad,·an
tage in cheap labour; anJ with increasing mobilily of 
capila!. 1b(' cosl of capilal tend'i to converge worldwide. 
Ir prices of 1radcd good" were C\{ual everywhere. til('n 
wages and income in each country sh1lUld con,·ergc. 
Thus. the idea that poorer counlries wilh low wage 
labour should catch up to richer ones through lradc is a.'i 
old a.-; lhe theory of inlemational lradc itself. That con
vergence in income has somehow failed to take place 
helwttn developed and <le,·eloping countries-ha\'ing 
m;iinly occurred among de\·eloped countries up to now-
is usually tal.:en a..; an indiclmcnl againsl the existing 
sys1em of global lradc. If this were indeed lhe case. 
lherc arc sc\·cral possible explanalions for ii. For in
slance. cilher lhc developing countries Jo nol really 
posse'is cheap labour or 1he prices of traded goods are 
nol equal everywhere. or perhaps such convergence 
lakes much longer than lhe economic lheorists have 
foreseen. 

Tahlc 1.3 compares the wage le,·els in lhc manufac-
111ring seclor observed in 1990 in some 110 countries, 
con\·cned inlo dollars at current exchange rales. Appa
renlly. German manufac1uring workers were paid 1he 
highest and workers in the United Republic of Tanzania 
the lowest wages in term• of annual remuncralion. As 
expec1ed, lhere was an cnonnous diffcrerce in pro
ducliviry bc1ween workers in these lwo coun1ries-1he 
gross oulpul of Gennan workers heing .JR limes grcaler 
lhan 1ha1 of their counlerparts in the United Republic of 
Tan1ania. The wage differential helwecn lhc lwo coun· 
1ries was, however, IK9 limes in favour of German 
workers. making the United Republic of Tan1ania a 
much cheaper place lo locate in lcrms of lahour cn~t per 
unit of outpul. Even ~o. 1he lahour cnsl advanlage en
joyed hy manufacturers in the lini1cd Repuhlic of Tan· 
1ania was more than ruled oul because of the much 
higher materi;il cosl which 1hcy had to hear. The aclual 
hrcakdown of produclion cosls in 1990 involving these 
1wo cxlreme-casc coun1ries were: per SIOO wonh of 
manufacluring oulput. direcl lahour costs of $6.32 in 1he 
United Republic of Tanzania and S24.9K in Gem1any, 
and malerial cosls of, rcspeclively S7R.Cl6 and $50.J 7, 
leaving SI ~.<iJ and S24.65 as gross manufacturing prolils 
in each counlry. 
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Figure 1.4. Changing partners and changing roles In the Pacific Rim trade and lnveatment triangle: 1980·2000 

> 

.,, ·' .. ,(., 
Hon9 Kong 
Republic ot 

Korea 
Singapore 

Taiwan Province 

1980s and earlier 

North Amflrica 

United States 
Canada 

' 

Beginning late 1980s 

,/ 
North America 

United Stale~ 
:an1tda 

" 

Key: 

Labour·1ntensive goods and goods 
assembled tram components 

Components or sub·assemblies, cap1lal· 
and technology·1ntens1ve goods 

Beginning circa 1990 

Foreign direct investment 

' 
,/ 

North Am•rlca 

U111tod Siatos 
Crt11i1Cla 

" 

• Dev•lop•d Asia 

Jap..in 

Dev•loped Aila 

I 

I Dev•loplng : 
·South·EHI A1lal 
I ! 

Indonesia I 
Malaysia 

Ph1hpp111es 
Thailand 

Beginning circa 1993 

,/ 
North America 

Un1torJ S1i110s 
Ci111ad.1 

Developed Aila 

J<tjlilJI 

Developed A1ia 

Latin Am•rica 

Me~ico 

---------- Jiip;in 
Centrally 

plann•d Aila ------·---·-----~ .J.1pt1ri 

Cl1111i1 
Vint N,un 



Table I.\, International tompetilivenH\ In manuruturlnir. lahour procluttMty and 
unit toi.cs In 1990 with averaiie annual 11rowih rate., 19I0°1990 

I; nil COSll or produCllOn 
per SIOO of ou1p111 
-

Gros.s ou1pu1 per ln1ennedia1e 
Wage per employee pcnon engaged l..abour input Grau ou1pu1 

Average Avcra1e Avera1e Avcra1c Avcra;c 
1990 annual 1990 annual annual annual annual 

Co11n1ry or aru (doll1r1) 1row1h (dollan) lfOWlh rcrccn11gc grcw.1h Pcrccn1a1e 1rowth Percen111e growth 

Germany, western pan 38 440 1.33 !SJ 881 1.68 24.98 .{l,34 .50.37 ·1.40 24.6.5 4.31 
Finland 37 6.54 2.91 171 322 1.81 21.98 1.08 64.48 ..0.06 14.24 •l.17 
France 36 Ill 1.52 1.51 193 2.23 22.6S ..0.72 62.0.5 ..0.37 1.5.29 3.10 
Soiway l.5 $40 1.22 184 l.50 2.lS 19.23 ..0.97 72.03 0.18 8.7.5 0.84 
!lic1herlands 3$ 414 I.IC 18.5 446 2.04 19.10 ..0.42 69,76 ..O.S2 11.14 .5.37 
Luxembourg 34 311 0.61 176 968 4.09 21.11 ·2.49 62.29 ..0.31 16.60 6.83 
Uni1cd S111cs 33 .573 1.07 163 .521 1.17 20 . .53 .0.10 .53.79 .{l,84 2.5.67 1.17 
Denmark 33 093 0.45 144 7.54 0.91 22.79 ..0.43 .56.63 ..0.49 20.57 2.10 
haly 31 9.54 0.64 170 796 1.82 18 . .56 ·1.13 67.26 0.93 14.19 ·2.29 
Austria 30 941 1.74 162 l.51 2.32 22.70 ..0.40 64.93 ..0.33 12.37 2.93 
C:.nada 28 410 1.18 167 278 1.19 16.97 0.01 62.14 ..0.33 20.89 I.OS 
Japan 26 828 2.37 200 997 2.12 13.12 0.75 60.29 ..(),76 26.59 J.S6 
Iran (Islamic 
Republic of) 26 41S -4.44 113 449 ·2.44 23.92 ·1.79 4.5.49 ..0.62 30J9 2.92 

United Kinidom lS 318 1.9.5 118 94.5 3.06 21.00 ·1.12 .56.03 JJ.54 22.97 2.84 
Sweden 24 88.5 0.44 160 .52.5 2.21 IS . .50 ·l.73 SS.46 ..0.41 29.04 2.02 
Spain 24 llS 0.89 126 977 2.28 17.73 ·1.42 66.34 0.1.5 1.5.94 1.14 
Ireland 23 879 2.16 J 70 261 4.13 13.97 ·1.83 S.S.44 ·1.4.5 30..59 4.1111 
Bcl&ium 22 774 0..53 199 636 4.97 11.41 -3.6.5 71.11 0.63 17.49 0.48 
Iceland 21 878 0.78 110 29.5 0.67 19.83 0.10 68.24 I.JI 11.93 -4.66 
Israel 21 499 ·2.73 93 942 0.14 21.46 ·3.37 64.)0 1.63 14.24 .{l.56 
Auslralia 20 4.56 0.27 120 803 2.17 16.7.5 ·1.83 62.74 0.23 20JI UM 
l'icw Zealand 17 676 ..0.81 97 492 1.(16 16.88 ·2.5.5 69.27 0.21 13.8.5 3.00 
Kuwait 16 2.59 2.89 89 144 -6.B.5 16.6.5 9.4.5 48.66 ·3.82 34.69 4.94 
Libyan Arab 
Jamahiriya 16 120 ..0.44 144 723 1.10 11.60 ·1.08 68.37 ..0.18 20.03 J.37 

Gl'CCC'C 12 941 2.33 107 )92 1.18 1.5.28 1.2.5 68.68 .0.23 16.04 .0.13 
Sinpporc 10 790 S.40 112 DIS 3.2.5 9 . .59 2.12 69.7.5 .OJ6 20.66 1.1.S 
Saudi Arabia 70.(17 .0.82 
Ponupl JO 367 2.21 63 816 3.00 16.04 .0.71 68.68 .0.01 1.5.28 0.87 
Gabon 10 333 1.90 .542.58 0.34 18.8.5 1.4.5 68.18 0.09 12.96 ·2.13 

·~ 
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Table 1.3 (continued) 

Unil ca.11 of produc1ion 
per SlOO of ou1pu1 

Groa ou1pu1 per ln1ennedi111 
W1p per employee penon enppd Labour input Qro15 output 

Aver1p Aver11e Avel'lp AYll'lll /\YCl'llC 
1990 annual 1990 annual annual annual annual 

Country or arc1 (dolllra) powth (doll1r1) pow1h Percentap powth Perccnta1e powth Percen1a1e powth 

Taiwan Province 10168 1.59 6J S7S 2.30 IS.99 S.17 61.4J •i.72 22.58 2.71 
Gennany. easiem pan 10 OS4 l.8J 114 296 7.26 l.7S ·S.10 81.41 4.32 9.83 ·11.09 
Trinidad and Tob•So 9906 .0.28 S6168 ·1.64 16.61 0.78 7S.04 0.79 8.35 .s.116 
Cypnis 9 738 4.47 46 OS7 2.J1 19.21 2.J7 63.94 .0.04 16.&S ·t.98 
Barbados 9449 2.28 62 042 1.J2 ISl4 0.94 77.44 0.09 7.42 .0.88 
Republic or Korea 9 35J 7.98 8l 9SS 6.J9 11.04 1.44 60.00 ·1.14 28.96 2.21 
M1lta 9 238 1.8'7 St 038 4.91 17.89 ·2.SO 61.01 0.64 21.09 0.69 

Hone Kone 9 182 4.IJ S4 430 4.75 16.17 .OJ9 71.02 0.60 12.11 -2.2.5 
United Ar1b Emir11es 9065 0.38 73 9JJ J.'14 17.JI .OJS 68.88 2.97 13.81 ·1.SI\ 
Turtcey 9 Oil l.Sl 74 807 4.83 12.03 .J.07 60.37 .0.45 27.60 J.07 
Cote d'Ivoire 7 997 0.91 106 615 3.41. 7.33 ·2.69 73.94 0.81 18.73 ·1.66 
So\ath Africa 7 817 43 S90 0.50 17.9J 64.22 .0.38 17.1.5 
Alpna 7377 0.41 27 723 ·1.35 26.18 1.61 .56.6S .OJI 17. Ill .0.26 
Cameroon 72111 ·1.47 SI 631 ·1.30 14.10 .0.16 68.J2 IJ.4 17..S8 -4.22 
Senepl 7074 4.62 37 210 ·1.Sl 12.46 I.IS 56.68 -2.87 l0.16 8.40 

Arpntin1 6 767 ·2.67 SJ 878 .0.21 8.07 ·2.46 60.56 0.75 31.37 .0.65 
!'liical'lpl 6440 -7.83 SS 173 -7.94 10.87 .OJ9 34.82 ·S.36 .54.30 6.83 
Pana• •a (exdudin1 
Canal 2.one) 6 184 1.99 43 810 ·2.43 14.04 4.46 63.60 .0.61 22.36 .0.43 

Ccn1r1l African Republic 6047 S.S.5 3J 904 4J9 17.01 0.44 68.22 0.60 14.77 ·2.71 
El Salvador 6024 ·2.53 47460 .0.77 12.42 •l.99 Sl.65 •l.36 34.92 3.65 
Papua New Guinea s S87 ·I.SS 34 036 ·2.23 16.68 0.93 S6.32 .0.49 27.00 0..52 
Conp> H28 ·I.OJ 35 352 4.65 IS.33 1.95 62..51 . 22.16 ·1.14 
lniq s 390 2.12 41 491 1.48 12.89 0~~.5 46.05 ·2.88 41.06 4.62 
Mexico s J73 ·1.48 6190J 3.23 8.68 -4.56 S6.71 .0.19 34.61 2.02 
Burkina Fuo S llS 1.39 64 304 2.06 7.94 .0.68 65.39 0.36 26.67 .0.63 
Suda a S074 •l.69 63 239 0..52 8.30 ·1.42 71.611 0.70 20.02 •l.62 
CMe 41161 1.36 70 919 3.62 6.83 ·2.16 SS.72 0.89 3.U~ .11.91 



Unil c:o111 or produnion 
per SlllO of output 

Orms ou1put per lntermedille 
W1ge per employee pcnon en111ed l..1bour input Grou outpul 

Average Averaae Average Avcraae Averase 
1990 annUll 1990 1nnu1I 1nnu1t 1nnU1I 1nnu1t 

Coun1ry or arc• (doll1rs) arowih (dollars) &rowth Pen:en1a1e &rowth Pen:entaac powlh Pen:en1a1e srowth 

Venezuela 4 6SI -4.91 SI n6 0.96 8.9S -4.78 49.54 .OJI 41.51 2.24 
L.niguay 4 62S 1.54 42 801 3.32 10.83 -1.64 S5.9S .0.87 33.21 2.42 
Peni 4 619 ·3.77 48 216 • 7.16 9.55 3.62 49.07 ·2.2S 41.38 2.69 
Togo .. .. 49168 0.69 .. .. 61.84 •l.32 
Niger 4 SOI ·3.40 29 3lS -3.54 lS.82 0.49 6S.JI 0.02 18.88 .0.32 
Former Yuplavia 4 488 l.12 24 2S2 ·1.34 18.32 2.39 55.49 ·2.JO 26.19 S.40 
Jamaica 4 484 .0.06 39 263 0.57 11.42 .0.62 70.60 .0.44 17.98 2.47 
Brazil 4 334 154 S6 OlS 0.54 7.74 1.00 74.90 2.36 17.36 -6.41 
Zimbabwe 4 099 0.99 2S 098 l.56 16.34 .0.56 53.02 -1.01 J0.64 2.45 
M1cao 4 098 3.13 22 185 1.26 16.21 0.70 71.36 O.JO 12.43 ·2.28 
Syrian Arab Republic 3843 1.45 72 2.52 7.43 S.32 -6.44 79.77 2.44 14.91 ·5.76 
Tunisia 3 834 0.84 2719S .0.61 14.74 1.93 70.93 .0.39 14.33 0.18 
Swaziland 3504 -2.13 JS 89S ·l.2S 9.84 .0.81 S7.7l -2.41 32.44 1.54 
Fiji J 2S3 -2.92 30433 -2.58 10..51 .0.16 77.88 0.36 11.61 ·1.97 
Mala~ia 3 226 1.88 42 489 1.91 7.57 .0.32 74.40 O.JO 18.04 •l.03 
Cuba 3 198 2.2S 20 9tt 0.94 14.50 o.n 6t.7l 2.17 23.80 -4.26 
Morocco 3 183 -2.74 34 094 0.43 9.34 -3.IS 70.22 -0.67 20.44 5.42 
Jo~n J 17S ·2.JO 32 641 3.03 7.62 -4.35 68.44 2.07 23.94 ·2.97 
EcU1dor 3 106 ·2.20 lS 083 3.83 8.82 ·S.74 78.lS 2.03 IJ.03 -4.27 
Bunindi 3 007 2.66 28 110 0.36 9.83 1.43 38.79 .()JO Sl.39 0.14 
Costa Rici 2 711 -4.91 23 827 .J.32 11.38 -0.IS 70.92 -0.05 17.70 O.JO 
Thailand 2 611 S.12 28 286 2.90 9.19 2.10 63.86 -0.29 26.96 0.06 
Rwanda 2 S74 -2.44 47 579 -4.05 7.04 2.71 26.76 -4.SS 66.20 2.45 
Hungary 249S 2.03 224S4 •l.29 11.11 3.36 68.75 -1.03 20.14 2.SO 
Colombia 2 432 \.81 42 509 5.42 S.64 ·3.41 61.17 o.n 33.19 ·0.63 

Honduras 2 411 0.82 20 8J6 0.88 11.57 .0.06 70.97 .0.23 17.4.5 I.OJ 
Fonner CzeC'hOSlOY1kia 2 396 0.41 18 348 1.70 1.106 ·l.26 72.23 2.13 14.71 ·.5.71 
Benin 2 282 -4.27 36481 .z.74 6.69 .0.91 71.60 0.17 21.71 .0.2S 
Fonner US.SR 2 \S9 2.27 18 687 2.87 11.63 .0.52 tt.64 -4.37 76.73 0.99 
Botswlna 2 ISO -6.64 22 813 ·2.99 9.<42 ·3.54 73.JO 0.10 17~ 2.16 

-.I 
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Table 1.3 (continued) 

Unil COlll or produclion 
per Sl<IO or outpul 

Gross output per lntermcd11te 
Wage per employee person enpged Labour input Groa outpul 

--· 
Average Average Average Avcr11e Avera1e 

1990 annual 1990 annual 1nnual annual annu•I 
Country or area (dollars) growth (dolla11) ptJW'lh Percentage grow1h Percent11e pnwth Pcrcen111c &rowlh 

-
Zaire 2 092 0.17 
Kenya 2 046 -0.89 40 907 6.26 5.00 -5.58 88.14 1.02 6.86 .5.01 
f.gypt 1940 -1.05 14 S98 1.4) 1).19 ·2.44 68.48 ..0.86 18.)) 8.07 
Philippines I 91) 4.60 23413 2.89 8.11 2.79 66.02 ..0.8" ltR7 1.71 
~auritius l 904 0.12 1son -1.06 12.6) 1.19 72.27 -0.8) 15.10 3.96 
Mali I 900 0.40 18 347 -0.79 10.38 1.23 63.73 -0.47 25.89 0.75 
Gua1emala l 785 ·1.86 19487 -0.41 8.45 ·2.17 59.32 -0.0S 32.22 0.77 
Romania l 728 O.IS 11919 -1.08 14.09 0.9S 63.88 l.9S 22.03 -4.39 
Pak.is1an 1 69) S.00 2) 710 S.77 7.12 0.04 67.11 O.IS 25.76 -0.40 
Bulpria 1 666 2.61 13 808 -0.71 12.56 3.39 20.25 ·S.25 67.19 1.79 
Gambia I 628 -0.)) 17 388 0.04 7.50 -2.41 7S.67 1.98 16.8) .s.os 
Elhiopia and Eritrea I SSS I.JS 17 076 0.19 9.08 1.10 Sl.81 -0.56 39.11 0.54 
India 1 487 J.67 17 611 6.11 8.48 -2.26 82.54 0.11 8.98 1.58 
Bolivia 1 423 -8.27 69 607 7.57 12.36 2.08 54.16 ·1.90 33.02 3.3) 
Nigeria 1 J9() -2.84 14 235 -0.94 9.60 -1.51 S0.71 0.37 39.69 -0.06 
Dominican Republic l 348 -J.7S 21 914 2.43 6.16 -6.03 S7.23 -0.03 36.61 I.ti) 
Lclocho 1 JOI) -0.08 10899 -8.16 11.25 S.68 68.00 ·1.01 20.7S I.JI 
Poland 1 257 -4.54 
Malawi 1 244 -0.IS 13 370 2.JS 9.74 -1.99 77.25 1.92 13.00 -6.03 
Bangladesh 1 036 3.19 5416 -1.77 17.87 4.)3 63.41 0.07 18.72 ·2.98 
Madagascar I 018 .).77 7 769 -2.54 1).09 -1.25 S8.4S -0.4S 18.47 1.72 
Ghana 970 J.24 13 728 6.49 7.07 -3.04 S2.64 0.16 40.29 0.32 
lnoonesia 941 4.72 16 soo 4.26 S.67 0.45 68.92 0.29 25.41 0.84 
Sri Lanka 642 0.10 8 846 -0.25 7.27 0.37 S8.13 -2.22 34.60 S.52 
China SOI ).70 10 298 5.4S 4.86 ·1.66 74.18 1.83 20.96 -4.25 
Albania 424 
l'cpal 361 1.80 3 116 -7.80 11.27 11.28 S7.76 ·3.SI 30.97 8.61 
Somalia 287 .1).9) 7 JSS -4.08 S.99 -6.32 71.29 1.09 22.72 -0.7S 
L:nitcd Republic of Tanzania 203 -8.09 3 224 -4.32 6.32 -J.86 78.06 0.89 IS.63 ·2.02 

Total 11820 -8.09 70 )24 -4.32 16.78 .J.86 S7.92 0.89 25.31 ·2.02 

s~~: t.:1'100. consolidated industrial s1atis1ics. 



The above e.'{ample illustr.ues one of the ba."ic pmb
lems en'-·ounlered by dewloping countries in gener.11. 
Although low wages in developing countries hold down 
their unit cost of labour. high cost of inlennediate inputs 
to manufacturer.. in these countries often nullifies this 
ba.'iic pmduction cost ad\·antage. The m·eralkost of inter
mediate inputs is more in de\·eloping cour.tries because 
they im;ariably include imports. especially for those en
gaged in manufacturing. in the fnnn of processed or 
semi-processed industrial raw materials. and parts and 
components for finished pmducK The prices of im
ported intennediate good~. supplied frequently by de\·el
opcJ countries. bc-curnes higher in developing countries 
partly because lhey have lo go thmugh the anluous 
process of international trading. im·ol\"ing spei:ialited 
trading agents and commission brokers. And the margins 
charged by \"anous international trading agents often 
become exhorbilanl compared with the original prices of 
producto; and materials invoh·ed. 

In the traditional lheor)". production cost" detern1ine 
the price of a product. In reality. howe\·er. cosls of pro
duction detem1ine only a p311 of the final price. and that 
part has been shrinking lo :he extent that it is now 
becoming completely o\"ershadowed by distributional and 
marketing costs. Again in theory. the price of an inter
nationally traded gtl\xl deviates from its original factory
gate price by customs duties and international transport 
costs. That these two cost items combined ha\·e come to 
occupy a very insignificant portion of the final imported 
price in the country of destination owes much to the 
continuous rounds of tariff reduction in de\"eloped and 
developing countries in recent years and to the competi
tive price structure maintained by the world freight· 
carrying industry. Howe\"er. a pair of running shoes wi1h 
an internationally distinct brand name. sold at a retail 
price of S82 in New York. costs no more than $6.50. 
after being loaded on to a con1ainer ship ready for ship
ment by its original producer in the Republic of Korea. 
Similarly. a paricular brand of men's shirts retailed in 
Gennany at $42 would ha\·e cost the German importer
distributor between S 1.25 and S 1.85. depending on the 
idemity of ito; contracl pnxlucer in Sri Lanka. Poland or 
the territory of the former Yugoslavia. Indeed. a random 
survey by UNIDO involving typical original. brand
name product-processing establishment'.. located in three 
specific export-processing zones in Sri Lanka and China. 
disclo-;es that lhe ratio between the actual fac1ory-ga1e 
price and the relail price at destination is roughly I to 12.• 

Needless 111 say. if production cos! weighs only 8 per 
cent in 1he final product price of a globally 1raded manu
factured good. the: traditional efforts for produc1ivity 
gains and olher cost-saving measures to reduce cost at 
production site misses a much larger picture detem1ining 
international competition. Today. international competi
tion prevails at two dis1inct levels-one at the produclion 
and the olher at the dis1ribution level. At the production 
level. wage differcnlials have already fon:ed many CJI· 

port prodm:t manufacturers in the Republic of Korea 
and Taiwan Province to relocale initially to lndone'iia. 
Malaysia. Philippines. Sri Lanka and Thailand. and then 
on lo China and Viel Nam. Although 1he wage difference 

•111 .. " nnc a •urpn•m~ 1in.:m11. t•1-«"nally 111 r'urnpean or Japanc•c 
rravtllcr• whn •·an pur.:ha'IC' hrand·nalll(' dnrhmit lltm• al nnt" lifrh Ille 
pn<"t al Ran11kok. or elccrromc .• produel• al a ~O-pt'r·(Cnt 1h,•:n11nl m 
llon11 Kon11. Nor lo any North Amt'n.:an who " U'IC'd 10 a (lt'rva•1vt 
d1~oun1 pricm11 \y•lem. 

between countries in South-Ea't Asia constitutes no 
more than a tiny fr.iction. in tenns of final pnxlucl pri'---e. 
.md can hardly i11tluence this price. the search for 
cheaper wage location ha."' become an integral part of 
international price com~tition at the pnxluction le\·d. 
Rut the crnn~lition is among the pnxlu'---ers. that is. 
among den~loping-counlry pruJu'--en. and in\·oh·es .. pro
ducer prices ... 

One of the distinguishing features of the Asian NICs 
is tha1 thc:y arc not only adept in producing good" 
l·heaply. but 1hey exl·el in marke1ing them abroad. Some 
of these countries have large trading l-Ompanies of their 
own with a worldwide sales network. which perfonn a 
multiple ta."k of selling. buying. brokering. financing. 
insuring and shipping. A few Asian countries benefit 
from the so-called Chinese dia.o;pora. which fur.ctilms as 
a giant trading network. Many electmr.ics pmducts pm
duced in these countries even bear their own brand 
names which are promoted worldwide thmugh active 
ad\·ertising campaigns. Professional market research 
fim1s are being created. Up 10 now. these traders handled 
only those products made in or sold to their own n~un
_tries. With the npid expansion in regional trade. how
e\·er. they arc becoming multilateral and international 
traders. International trading and marketing. 1he tradi
tional preserve of the more ad\·anced developed coun
tries. have therefore been successfully encroached upon 
by a few de\·doping countries for the first time. And 
products marketed by these Asian traders abroad carry 
less imposing prices because the trade margins charged 
by them are less forbidding. intnxlucing a completely 
different dimension to the traditional international com
petition over product prices. 

Returning to the subject of the persisting income gap 
between developed and developing countries. one pos
sible cxplantion relates. therc·fore. to the two-layer struc
ture of price delermination involving de\"eloping-country 
exports. Producers in developing countries compete 
essentially among themselves within a narrow margin 
assigned by the \·ertical chain of price determination 
dominated by dis1ribution and marketing costs. The pur
suit of high-\"alue-added content through pnxluction ha.o; 
ils ultimate limit in factory-gate prices. Developing 
counlrics should reali1e sooner rather than later that 
industriali7.ation under globally linked pnxluclion anJ 
trade entails expertise not only in produ.:tion but also in 
finance. marketing. shipping and trading. In a way. the 
ei1isting income gap between developed and developing 
counlries is more apparent 1han real. In a recent issue of 
its Worltl F.mnomic Outlook. the ln1emational Monetary 
Fund (IMF) used purchasing-power parit;es. ralher than 
market exchange rates. to recompute GDPs I 3 I.• The 
result is a sharp increase in the developing-country share 
of world GDP from I!! to .14 per cenl. By contrast. the 
share of developed countries dropped from 7 3 to 54 per 
cent. This is clearly due to thr enormous price spread 

•The: 11"1< of pur,ha'1nJt·ro~er pam1t• lo compare hvm11 •lan1lard• 
m 1hfftrcn1 co11nlnt• ha< 1lrawl>ack< a• wno11• a• Ille U'IC' 111 n«hanitt 
rare•. l.1vm11 •landard• or even cht' loci or 1ncol11(' •hnuld l>c n1ta•urcd 
hy lht ava1lah1h1y of cho1ct\ m. a• wrll a• lht aH11nlah1h1y or. a va<r 
rani:c nf ll"'"'' and 'IC'f"\"icc< A pnund or l>ctf m a '1•J1trmarke1 1l"play · 
mi: .l.1100 orhcr wrll·pa.:kai:rd fond ntm< " d1ffertn1 rmm rht' •amt 
nrrcred hy a •lrl'tl vtndnr. lncnmt lllC'a•urcd hy pncc 1hfftrtn11al• on 
a few •lricrly 'IC'lccltd 11em• a•a1lahlr in all cnunlne• mch1d1n11 lhe 
Jl<M>rt<I OtCt"arll~ IJlOllrt• '.he chm.:e a<peCI Whl<"h " arler all !he main 
mvmhcnl of h1i:h income !'<'e (;/,."'11 Rtpr>n 199019/ for a mon: de· 
railed d1~u .. 1on on th1\ ~uhie.:r (4]. 
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between developed and de\·eloping countries-a spread 
reflecting the value added in the servil.'"C industries. in
cluding lrading. Moreover, there is also o"·erwhclming 
evidence lhat lhosc ~veloping economics which climbed 
lhc income ladder ralhcr quickly happened to be all 
active traders (two of lhcm. Hong Kong and Singapore. 
incidentally joined lhc exclusive club of developed 
countries in 1993, according to lhc World Banlt). In 
contra.st. many African countries do not trade rxten
sively. and whatever is lradcd is mainly through inter
national trading agents. 

Up to half a century ago, industrialization provided lhc 
base for trade expansion. In modem days, however, in
dustrialization has always been prcccdcd by lhc opening 
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up of new trading opportunities. The Asian NICs dearly 
provide an example of a rapid take-off in lhc mid- I Q50s 
based on export-led industrialization. as did China in the 
1980s. ''Trade ralhcr lhan aid" is the urgent appeal from 
lhc countries of Eastern Europe and the former USSR. 
anxious to restart their interrupted industrialization pro
cess. T.ic importance attached to trade by these l"Otmtries 
clearly reflects the fact that the essence of industriali
zation for developing l.-OUntrics today consists a..; much in 
an enhanced production capability of traditional and 
domestic goods. as in the acqui~ition of kno"· -how in 
technology. design, manufa.ture and marketing at all 
levels of distribution for new products which arc de
manded by lhc world at large. 



II. Industrial performance and prospects 
in the major regions 

Se\·eral general faclors are dri\·ing over.tit change in 
the global induslrial economy. One is thal lechnological 
change has perhaps newr been grea1er lhan at presenl; 
advances in computers and electronics in particular are 
rapidly lowering costs of communication. infom1a1ion 
and control. Liberal. m:uket-ba.'ied economic policies 
have spread to all comers of the glohe. allowing greater 
scope for the private sector. Industrial enlerprises are 
being forced to restmcture in lenns of production plal
fonns. management, employment, finance and linkages 
among themselves. merely to remain compelitive in 
a world where large profits one day can vanish the 
next. 

But shorl-lerm regional differences seem as great a~ 
the common factors. The current performance of both 
Western E11rope and Eas1em Europe. including 1he new 
Slales tha1 emerged from 1he breakup of the fonner 
USSR. is d'sappointing. In lhe laner region. the in1roduc-
1ion of marker-based economic s1mc1ures has proved 
much more difficult lhan had originally been hoped for. 
Although greal changes are under way and mu..:h ha' 
been achieved, indusrrial decline continues in 1993 for 
all bur a few countries in this region. In Western Europe. 
prospects have been sharply downgraded since ahout the 
lhird quarter of 1992. when doubts arose aboul approval 
of lhe Trealy on European Union (lhe Maaslri,:ht 
Trealy). the exchange-rare mechanism CERM) partly 
broke down. and the high costs of Gem1an reunificalion. 
especially in tem1s of inflalion and the budge1. became 
apparent In Augusl 1993 conli;med uncertainties 
brought aboul effeclive discontinuance of ERM. at leasl 
temporarily. The expecled posilive impact of lhe intro
duction of the single European marker in January 1993 
seems hardly noticed. 

In early 1993 ii seemed lhat No'1h America was 
emerging from recession and would be ahle lo lake over 
as "world lncomorive·· as Weslem Europe. and Ger
many in particular. wen1 into decline. Hui recovery in 
North America has remained weak. ao; the new llniled 
States adminislration a11emp1s 10 implemenl new poli
cies. A compromio;e budget package wao; passed by 
Congress in the third quarter. hut ils impacl is still nol 
clear. Recovery in Jap;m. which was expecled lo he 
fuelled by lio;cal slimulus, has so far also remained 
weak, especially since recent strengthening of the yen 
has reduced export competitiveness. Thus none of the 
major economic actor . .., ha.s been ahlc lo provide much 
push for the glohal economy. 

Short-tcnn pro-.pecls for the developing regions arc far 
better. parti~·ul;uly for the East and South-East Asian re
gion. which continues to benefit greatly from a strong 
nexus of industrial trade and im·estment lies within lhe 
region and between the region and Japan. and now in
cluding China. Low-cost labour only partly explains this 
growth phenomenon. Sound macroeconomic policies 
have encouraged investment. rapid technological change 
and expansion of manufactured exports. Similar policies 
were adopted in the 19ROs in m'..ich of Latin America and 
the Caribbean in the wake of the debt crisis. and more 
recently in India. and manufacturing output and exports 
are responding. fa·en in Tropical Afric;1. subject to so 
many disad\·antages. the small manufacturing -;ector 
is expected to grow at about 4 per cenr annually in 
1993/94. 

Regional shares in world MV A in 1993 and changes 
since I 975 are shown in table II. L Ry far the higgest 
changes are 1he increase in lhe share ol Japan lo 16.fl 
per cent (up by R.9 percentage points) and the o;harp 
drop (down by 12. 9 percentage points) of Ea'ilern Eu
rope and the former USSR to 7 per cent I somewhat 
ahead of F..ast and South-East Asia). The share of North 
America increased slightly (to 2R.3 per cent) aml th;1t 
of Western Europe remained unchanged. al 31.3 per 
cent. Thus despite rapid growth in East and S1111th
East Asia. the three most developed regions continue to 
account for more than three quarters of world 
MVA. 

Thi-; is partly explained hy the dominance of the three 
most develnpl!d regions in the capil;1l- and tcchnology
intensi\re sectors such as machinery. electronics. tran-.
port equipment and chemicals, which form the hulk of 
world manufacturing; ISIC JR I fahric;1tcd metal pmd
uct'i, machinery etc.) accounted for 39.7 per cent of 191)0 
world MVA, and ISi(' 35 (chemicals. petroleum etc.) for 
175 per cent (see table 11.2, which summ;irites compa
rable tahles al regional level shown in the following 'ec
lions). Pla ... tic producl'i. for example. has been one of the 
highes1-wow1h sectors (lhe share of the three developed 
rcj?ions being over XO per 'enl). Among lhe developing 
regions. only East and Soulh-Ea'I A-.ia has 'hown large 
gains in share in the capital- and lc~·hnology-intensive 
iml11s1ries. In ISi(' 32 (wearing app;irel, textile' etc.), 
where dc:vcloping rnunlrie'i have: gainc:d in market share. 
1-!rowlh rates have het•n well below those in mo't other 
mdustries. 
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Table ILi. Realonal slulres In world MVA by Industry, 1"3, •nd tlulnp In 11l•re1, 1975·1"3 

Eas1cm l.a1in Nnnh Africa fl.all and 
Nonh Wcs1em Europe and America and Tropical and Indian Sou1h-l!411 

ISIC Ind USU')' America Japan Europe former USSR 1he Caribbean Arric1 We11cm l\Jia Subcon1inen1 /\Ji• Cllina Ii 

311 Food 27.4 (S.2) 14.0 (7.8) 29.4 (S.I) 11.S (-21.1) 6.3 ( -1.S) 0.6 (0.1) 2.4 (1.4) 0.7 (0.2) 4.3 (2.S) 1.3 
313 ~rages 21.7 (4.0) 8.5 (2.2) 36.S (S.8) 7.1 (-19.3) 9.6 (-0.6) 1.9 (0.6) 3.0 (2.0) 0.4 (0.3) S.6 (2.9) J.2 
314 Tobacro manuracturcs 28.S (11.2) 3.0 (-0.6) 30.3 (~.2) 2.7 (-9.3) 7.4 (·S.9) 0.7 (-0.4) 8.4 (4.2) 1.7 (.) 8.4 (4.3) 8.S 
321 Textiles 19.6 (S.3) 12.2 (4.4) 24.3 (-0.1) 12.9 (-18.0) 6.3 (-0.4) 0.7 (0.1) S.9 (4.0) 1.9 (0.1) 9.5 (6.9) S.2 
322 Wearing apparel 24.8 (0.4) 11.0 (6.0) 24.9 (-2.4) 15.3 (-17.1) 4.S ( -1.4) 0.4 (0.1) 2.5 (2.0) o.s (0.4) 11.6 (9.3) 2.6 
323 Leather and rur products 12.9 ( -1.2) 8.S (3.7) 26.1 (-7.1) 10.S (-17.7) 8.2 (-1.3) 0.9 (0.6) 4.0 (2.9) 0.9 (0.4) 19.6 (18.1) 6.8 
324 Footwear, excluding 

rubber or plas1ic 10.3 (·S.6) 6.4 (4.1) 3S.2 (2.1) 21.2 (-11.S) 10.4 (·I.I) 1.0 (0.3) S.2 (4.2) 0.7 (O.S) 6.8 (6.1) 
331 Wood and cork products 32.S (6.S) 14.6 (1.7) 31.5 (2.2) 6.6 (-11 ~) 3.6 (-2.3) 0.4 (-0.1) 1.7 (I.I) 0.2 (0.1) S.l (3.0) 0.8 
332 Furniture and fixtures 26.4 (2.9) 13.1 (S.8) 42.S (-0.3) 7.5 (·:D) 2.8 (2.S) 0.3 (.) 1.0 (O.S) . (-) J.6 (2.9) 0.7 
341 Paper and paper products 42.3 (O.S) 12.8 (3.2) 29.S (-0.~ 2.1 (-4.6) 4.S (-0.8) 0.2 (·) 1.1 (0.4) 0.J (-0.2) J.11 (2.9) 1.4 
342 Prin1ing and publiihing 41.4 (-0.J) 18.4 (S.9) 30.2 (-0.7) 1.2 (-3.6) 2.5 (-2.3) 0.1 (-0.2) 06 (0.2) 0.2 (-0.1) 2.7 (1.9) o.s 
3Sl Industrial chemicals 29.4 (1.8) 11.0 (3.3) 38.0 (0.6) s.o (-9.7) 4.5 (0.2) 0.1 (-0.1) 2.4 (1.4) 0.8 (0.1) 3.9 (3.0) 3.8 
3S2 Other dlemical products 32.0 (-0.7) 19.1 (8.8) 30.6 (1.6) 2.9 (-8.6) S.2 (-3.2) 0.3 (-0.1) 1.9 (0.8) 0.9 (-0.1) 4.3 (2.9) l.S 
3S3 Petroleum refineries lS.9 (-2.7) S.1 (1.2) 33.4 (-4.0) 3.9 (-9.5) 16.7 (3.1) o.s (·) 11.6 (8.2) 0.9 (O.S) 8.4 (5.3) 2.6 
3S4 Miscellaneous pelroleum 

and COiill products 20.3 (8.8) 7.7 (3.8) 19.l (7.4) 34.4 ( .JJ. I) 6.9 (4.2) 0.1 (·) S.I (4.S) 1.3 (0.8) 3.0 (3.6) I.I 
3SS Rubber products 21.2 (-4.2) lS.S (8.2) 33.S (-0.S) 6.0 (-10.2) s.s (-0.6) 0.3 (0.1) i.s (1.8) 1.2 (O.S) 10.1 (8.0) 2.8 
3S6 Plastic products n.e.c. 29.4 (0.9) 22.2 (7.4) 32.2 (·3.3) 1.7 (-4.0) 3.4 (-3.6) 0.2 (·) 1.2 (O.S) 0.2 (·) 6.S (4.1) 1.6 
361 Pollery, chiM and eanhenWlrc 8.9 (-0.6) 14.2 (3.7) 42.0 ( -2.S) 10.7 (-10.1) 8.4 ( ·) 0.1 (·) 4.6 (3.7) 0.6 (0.3) 6.2 (S.4) 3.7 
362 G~ and glas.s products 24.3 (~.S) 17.3 (8.3) 37.2 (1.2) 4.3 (·S.8) 4.7 (·1.3) 0.1 (·) 3.3 (2.2) 0.4 (0.1) 4.S (3.S) 2.1 
369 Other non-metallic mineral 

products 17.4 (·1.2) 16.4 (6.7) 32.1 (2.2) 8.2 (-16.2) 4.1 (-2.4) 0.4 (0.1) 8.7 (7.9) 1.0 (O.S) S.7 (4.S) 4.3 
371 Iron and steel 18.3 (-S.4) 21.3 (10.8) 28.1 (~.3) 6.9 (-10.6) 6.6 (1.9) 0.2 (-) 3.0 (2.1) 1.7 (0.7) 7.3 (6.S) 4.6 
372 Non-ferrous metals 26.2 ( -1.3) 13.l (4.3) 28.9 (4.4) 8.6 (-17.1) 8.6 (3.3) 0.3 (·) 2.7 (2.2) 0.7 (0.3) 3.2 (2.7) 3.2 
381 Metal products. 

excluding machinery 24.9 (-8. 7) 21.8 (11.0) 36.7 (1.7) 3.3 (-4.7) 3.2 (· 1.S) 0.2 (-0.1) 1.7 (0.9) 0.3 (·) 4.8 (4.0) l.J 
382 Non-electrical machinery 28.0 (2.6) 18.3 (9.7) 30.6 (2.0) 14.6 (-13.4) l.S (·1.4) . (·) 0.9 (0.7) 0.3 (·) 2.6 (2.3) 2.2 
383 Electrical machine.)' 2S.4 (·S.0) 24.7 (13.2) 33.1 (-8.S) 2.7 (·S.2) 2.2 (-1.S) 0.1 (-) 0.9 (0.4) o.s (-) 7.7 (6.3) 2.0 
384 Transpon cquipmc:n1 33.2 (-•. 6) 19.2 (8.7) 33.3 (-3.0) 3.2 (~.6) 3.1 (-0.9) 0.2 (0.1) 0.9 (0.4) 0.4 (·) 4.3 (3.6) 1.2 
38S Prol'CISional and scicn1ific 

goods S6.9 (18.2) 10.8 (4.4) 18.3 (·II.I) 7.8 (-13.7) 1.5 (0.2) . (·) 0.2 (0.1) 0.2 (0.1) 2.9 (2.4) 0.9 
390 Other manurac1urcs 2S.9 (0.4) 17.2 (8S) 18.8 (0.4) 16.6 (-18.8) 4.9 ( ·) 0.2 (-0.1) 0.7 (OJ) 0.2 ( ·) 10.9 (8.9) 3.7 

All manufacturing 28.3 (1.7) 16.6 (8.9) 31.3 (·) 7.0 (-12.9) 4.5 (-1.2) 0.3 ( ·) 2.4 (1.S) 0.6 (0.1) S.4 (4.1) 2.2 

~: UNIOO lndus1nal S1a1is1ics Database and UNIDO/PPD/IPP/Gl.O. 
Notes: F"igurcs in parcnlhcscs arc changes in shares rrom 197S 101993. In compu1ing regional MVA growth ratcs, 1CCtnral MVA ror each counlly i1v .. luedi1 n11ional currency 11 1990 prices and lhen 1grcp1ed 

to rcponal t<>'als al 1990 t:ni1cd S111cs dollar exchange rates. 
II Change in share ror Cllina is not shown, because R:liable sectoral share cslima1es ror China in 1975 do nnl exill. 



Table 0.!.. World puwlll rates~ MVA ia iadmdNI rqioas allCI 
ia 21 iadulries, 1970-1992, allCI 1990 rqioa aad iadutry ••n:a 

( Perccn tage) 

Region or Average annual growth rates Share in 
industry (ISIC) total MVA!l 

and total 1970-1980 1980-1990 1990-1992 1990 

A. &gionaJ bttalcdown 

North America 2.8 1.3 26.S 
Japan 3.3 3.6 -0.9 16.4 
Western Europe 1.9 i.2 -1.S 31.7 
Eastern Europe and former USSR S.6 2.7 -16.1 11.1 
Latin America and the Caribbean 6.4 -1.1 2 .. 2 4.0 
Tropical Africa 6.2 1.1 l.9 0.3 
North Africa and Western Asia S.9 4.3 4.7 2.0 
l11dian Subcontinent 3.4 6.1 3.3 o.s 
East and South-East Asia 11.S 8.8 6.2 4.3 
China 9.7 1.7 

B. Industry brrakdown 

311 Food :u 2.1 -1.7 9.7 
313 Beverages 2.2 1.3 0.1 2.1 
314 Tobacco manufactures 1.S 4.1 0.9 1.5 
321 Textiles 1.4 -3.1 4.2 
322 Wearing apparel 2.4 0.3 -3.4 2.3 

323 Leather anJ fur products 1.7 0.5 -3.7 0.4 
)24 Footwear, excluding 

rubber or plastic 1.8 -1.1 -6.6 0.5 
331 Wood and cork products 2.7 -0.5 -3.6 1.6 
332 Furniture and fixtures 4.1 l.O -0.? 1.4 
341 Paper and paper products 2.7 2.3 3.1 
342 Printing and publishing 3.2 3.7 -1.7 4.8 
351 Industrial chemicals 2.6 3.2 -0.3 5.4 
352 Other chemical products 2.S 4.3 1.1 5.0 
353 Petroleum refineries 6.3 -0.8 3.4 2.6 
354 Miscellaneous petroleum 

and coal products 4.5 1.6 -4.1 0.6 
355 Rubber products 2.0 1.7 -2.4 1.3 
356 Plastic products n.e.c. 6.3 5.0 l.S 2.6 
361 Potlery, china and earthenware 3.9 0.7 -4.4 0.4 
362 Glass and glass products 2.3 1.6 -1.8 0.8 
369 Other non-metallic mineral 

products 3.4 1.0 -2.5 2.9 
371 Iron and steel 1.8 -1.0 -3.1 3.9 
372 Non-ferrous metals 2.6 0.5 -2.5 1.6 
381 Metal products, 

excluding machinery 2.S 1.4 -1.4 5.6 
382 Non-electrical machinery 4.0 2.4 -5.1 12.5 
383 Electrical machinery 3.6 3.0 -0.1 9.S 
384 Transport equipment 3.4 2.6 -1.6 9.S 
385 Professional a;1d scientific goods 4.6 3.6 -2.8 2.6 
390 Other manufactures 3.4 2.2 -4.4 1.6 

Totall!I 3.1 2.0 -1.7 100.0 

Source: UNIDO Industrial Statistics Database and UNIDO/PPD/IPP/GLO. 
Nott: In computing regional MVA growth rates, sectoral MVA for each country is valued in 

national currency at 1990 prices and then aggregated to regional totals at 1990 United States dollar 
exchange rates. 

1/ Total MVA for the world in 1990 was SS,423,022 million. 
l!I For both regional and industry breakdown. 
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A. :\orth America 

I. Sh11rt-run outluok 

In t"lirth America GDP grew hy 2.0 per cent in 1992. 
following a i .2 per cent decline in 1991. According lo 
the UISIDO forecast. th~ recovery will continue through 
1994. with GDP growth of 2...i and 3.0 per cent in 1993 
and 1994 respel.·tively (see table I.I). The renwery has 
l>een less rohust than that following most other reces
sions since the Second World War. In part this is due to 
the fact that the recession itself w;1s mild. and the size of 
the gap l>etween actual and potential GDP did not l>e
come as large as in the recession of 1982. for l!.'lample. 
The need to raise taxes and check spending to trim the 
federal deficit has also taken some of the steam out of the 
recovery. The new l;nited States administration has suc
ceeded in gaining approval of a budget plan that is ex
pected to significantly reduce the budget deficit. by an 
estimated SI 00 billion per year o\'er the next five years. 
Cmad;1 too has put in place a combination of spending 
cuts and tax im:reases to reduce its budget deficit. 

The progress oi recovery in the United States has been 
uneven. The recession ended in a technical sense when 
GDP growth turned positive in the second q_uarter of 
1991. But growth during the remainder of 1991 remained 
low. and the result for the year was a 1.2 decline in GDP. 
Growth remained low in the first half of 1992. before 
rising to 3.4 per cent in the third quarter and 4.8 per cent 
in the final quarter. It then fell to 0.7 per cent in the first 
quarter of 1993. While growth appears to have recovered 
~omewhat at mid-year, it is clear that the recession in 
Eunipe and low growth in Japan will affect the recovery 
in the United States. In the reuwery from the last reces
sion the United States could ignore the rapid rise in its 
hudget and the current-account deficits. It was possihle 
at that time for the l;nited States to act as the locomoti\·e 
that pulkd the world economy nut of recession. This is 
not pmsihle in 1993. 

l\1V A growth in the United States improved from 
-2.2 per ct'nt in 1991 to 3.1 per cent in 1992. In Canada 
it im:reaseJ from -6.6 pt>r cent in 1991 to 0.5 per cent in 
1992. The distribution of regional MY A growth hy 
three-digit ISIC category for the decades of the 1970s 
anJ 1980-; and for 1990 to 1992 is shown in table IU 
(also see figure II. I for GDP and MV A growth in recent 
year' and al"' for the pattern of stmctural change in 
industry). The annual average growth rate of manufactur
ing a-; a whole declined from 2.X per cent during the 
1970" to 1 .. 1 per cent during the 1980s. Among the in
du,trics cxperit•ncinµ the greatest decline during the 
1980,, petroleum refining ((SIC 35.1) declined hy 34 per 
cent after having more than douhlcd during the 1970s. 
MY A in the iron and steel industry ((SIC 371) fell hy 
nearly 30 per cent in thl' l 9XO,, after expanding hy 
1.1 per cent during the I 97!h. The steel indu,try in the 
IJnited Stales showed rt.'al signs of life in 1992, however, 
with an incrt•ase in MY A of nearly 5 per cent. The rc
strui:turinl! that hel!•lll in the I IJ70s and continued 
throuµh the 1980-; ha' resulted in a i.:onsiderahly more 
efficient imlu,try. While ovcrall l!rowth ha-; declined. the 
mini-mills and 'Jlccialty steel producer' have continued 
to grow. accounting f,ir nearly all the gain in 1992. Tht' 
lowl·r value of the dollar has also made the indu,try more 
rnmpetitive internationally. lk,pile the improvement in 
the outlook for the mJu,1ry. in early 1993 the United 

24 

States moved toward imposing hea\'y t;iriffs on steel 
imports from several niunlries in retaliation for trade 
pra..:tices judged to be unfair. 

Two problems that the manufacturing sector in the 
Cnited States will ha\·e to overcome in 1993 amt for the 
next few years are cut-backs in defence spending and a 
slow-down in the gmwth of exports. Export growth will 
slow as a result of the slow-down in growth in the rest 
of the world in 1993. Exports of manufactured goods 
make up a little over half of total merchandise exports. 
Some tiO per cent of defence industry workers are en
gaged in manufacturing 111. Between 1992 and 1995. the 
United States Office of Technology A"sessment esti
mates that defence cuts will result in ~ome 250.000 net 
jobs lost per year 121. During 1993. the fall-off in exports 
may be the more serious problem. If. for example. export 
growth were to cease. while imports continued to grow 
at current trends. the net job loss would be roughly twice 
that of the yearly loss associated with the defence build
down. 

1. l,onger-term prospects 

(a) C11rh11cks in deft•nce spending 

Cuts in defence spending will result in dislocations in 
the United States economy for the next five years. De
fence spending cuts are like any other structural adjust
ment. which requires time and a certain amount of eco
nomic resi\~nce for resources to be transferred to other 
productive activities. Adjustment is apt to be slow. how
e\'er. because of the magnitude of the decline and the 
fact that some of the reo;ources used in the defence indus
try arc specialized and not so easy to relocate to the 
civilian sector. The last column of tahle 11.4 shows the 
impac! of the defence built.I-down in tenns of the in
crease in the number o~ workers in selected occupations 
that will be seeking civilian joh'i. Over the 10 years from 
1986 to 1996, defence cuts will increase the supply of 
civilian aircraft assemhlers by o\'er 50 per cent and the 
supply of aeronautical and astronautical engineers hy 
nearly a third. Some occupations are not limited tn de
fence industries. and the effects of defence cut-backs 
may not have much impact. One example is that of en
gineering technicians. with a supply increase due to de
fence cuts of ahout 0.6 per cent per year. and with de
fenr-e indl'stry employment only accounting for 10 per 
cent of the total. In the specialized oci.:upatinns of aircraft 
as.semblers and aeronautical and ao;tronautical engineers 
the impact will be severe. Unless the non-defence aem
space industry greatly expands. workers who lose de
fence jobs in these occupations will have to emhark on 
new careers. The losses nm up hy United States airline<; 
over the past few years and the increased share of the 
civil aircraft market ht>ld hy European builders Jo not 
hoJe well for an offsetting expansion of the United 
States ;1ircraft industry. 

While defence cuts will have a negative effect on 
employment growth over the medium-term, a more posi
tin· aspect of defence cut-hacks. the peace dividend. 
should have hoth short- and long-term positive effects. 
The peace dividend i~ ;1 net gain because lhe level of 
spt•ndin)! required to plirl·hase the same amount of na
tional defence has fallen as a result of the end of the cold 
war. In the l«1se of hoth C'anada and the l Jnited States the 
peace dividend has made it much easier to implement 



Figure 11.1. Growth rates of GDP, MVA and manufacturing employment, 1987-1994, and industrial structural 
change, 1980-1994: North America 
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dcficil rcdlk.'1ion progr.unmcs. and will make il easier lo 
implemcnl buJg.cl tugels over lhc ncxl five years. This 
in lum should help to lower long-term inlerest ralCs and 
int.-rcasc inveslmcnl. 

(b) Pruductfrity and man11fac111rinK •·aKrs 

During lhc 1970s and 1980s growlh of busineS!. pro
duclivily in I.he United States lagged behind that in most 
olhc:r industrial counlrics. and well below lhc long-lCrm 
trend for lhc United Stales. The sen·ice sa.'1or was par
licularly hard hit by the slow-down in productivity 
growlh. Bul in lhc 19CWs nol only was productivity 

growlh slow. but wages g~w mott slowly than produc
livily (31. Various lhcorics have been pul forth to a."\.-ounl 
for lhc decline in productivity gruwlh. including lower 
business invCSlmenl le,.-els. lack of inveslmcnl in public 
infrastrudurc and declining educational achievement. 
One f--.'1or lhal has lowered produdivity growlh is lhc 
decline in lhc share of output accounted for by manufac
luring. whi1.il has consislcnlly had a higher rale of pro
ductivity growth lhan lhc ~ of lhc business sa.'1or. 
A1.-companying the slow-down in produelivily growlh 
was an increase in wage dispersion (as mcasumJ by lhc 
differmcc in wage earnings al lhc upper and lower ends 
of lhc wage sc;alc). This occurred in lhc Cl.'"OOOlllY as a 

Table D..3- 0-.. rala al MY A ill illdiwidul -•lria _. ia 21 iad..uia. 
1970-1992. .... 1990-UJ ...... ...., ~ ~America 

(Pc:rceatage) 
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Country or 
industry (ISIC) 

and total 

Averacc: annual crowtb rates 

1970-1980 1980-1990 1990-1992 

A. C-, brnddoMI 

United Slates 
Canada 

311 food 
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314 Tobacco manufactures 
321 Tc::uilcs 
322 Wearing apparel 
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3Sl Industrial cbc:mic:als 
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362 Glass and glass p uc:ts 
369 Other non-metallic: mineral 
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371 Iron and sled 
372 Non-ferrous metals 
311 Me1al produclS, 

excluding machinery 
382 Non-elc:clric:al machinery 
383 Electrical machinery 
384 Transport equipment 
JBS Profe"ional and scic:ntifir goods 
390 Other manufactures 
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Tabk 0.4. Sdi:ictal •ilituy·rdatal ocnpet-.1 dc:peedt:e..ies, 1916 

A1rcrah assemblers 
Aeronautical and astronautical engineers 
Tool programmes. numerical coatrol 
Electrical and electronic asscn.~lcrs 
Me1allurgical and malerials engineers 
Electrical and eleclronic engineers 
Mechanical and industrial engineers 
Procuremcn1. planning. 
expediting clerks 

Machinisls. mclalworkers. ship·fitlers 
Aircrart mechanics. engine specialists 
Welders. cuners. solderers. brazers 
:Suclear technicians 
Inspectors. testers. graders 

Military· 
related Tot;al 

jobs emploirment 
(thousands) 

t"'..2 ?4.0 
18.9 Sl.6 
l.6 8.8 

30.0 t70.t 
?.9 t7.8 

57.2 391.S 
44.2 345.1 

27.2 ?SU 
94.8 900.0 
10.8 !OS.I 
29.l 283.S 
65.I 68?.9 
6S.1 689.9 

Supply 
Military increase 

share rrom cuts 
(percentage) 

S0.83 S!>.86 
36.63 31.110 
t8.t8 t2.?2 
t7.64 11.78 
t6.29 10.74 
14.S6 9.37 
12.81 8.08 

10.82 6.67 
10.53 6.48 
10.28 6.30 
t0.26 6.29 
9.53 S.80 
9.52 S.79 

Soutcn: Ann Markusen and Joel Yudkcn. Dismandint IM Cold War Ec""""'J (Sew York. 
Basic Books. 1992). tables 6.t and 6.2. pp. 141·142; last column based on liSIDO 
calcula1ions. ·supply increase rrom cu1s· means pcrccntace increase in the civilian labour 
rorce attributable to projec1ed S5·per cent military spending cuts bc1wccn 1986 and 1996 
(sec Jurgen Brauer and John Tepper Malin. ·convcrling resources from military to non· 
military uses·. Jounral of Eco."IOmic P~-rs. vol. 6. So. 4 (Fall 1992). p. 157. 

whole. in part because workers moved from manufactur
ing to the generally lower-wage service sector. but it 
also occurmJ within manufacturing. Apparently the 
trend toward higher wage disparity has being going on 
for a long time in the United States [4J. One study exam
ines wage trcnd.'i between 1940 and 1985, and find'i that 
there was a very large compression of wage differentials 
during the 1940s. but that during the years since 1950 
wage differentials have gradually widened back lo their 
1940 levels (4). Another study of wage differentials 
shows that over the period from 1963 to 1987 the wage 
rate of male high-school graduates with I to 5 years of 
experience fell by 1.6 per cent. while that of male college 
graduates with I to 5 years of experience increa'icd by 
18.4 per cent. or 20 per cent relative to the fonner group 
[SJ. Table ll.5 shows wages trends for a number of dif· 
ferent experience and skill levels, and conlinns the gen
eral long-term tendency for the wages of more experi· 
cnccd and heller educated workers to increa'iC in relative 
lcrms. The phenomenon of growing wage inequalily is 
clearly not new. but it accelerated over the last decade 
and economisls have begun to give it much more a11en-
1ion and 10 try 10 explain i1s causes. Several explanalions 
have been offered. among which arc the relative decline 
in lhe share of manufacturing in GDP. but as the next 
section shows. manufacturing has also exhibited a de
clining demand for lower-skilled labour over the last 
three decades. 

(C) D'cfin' nf b/u,·co/lar labour in manufacturinx 

In the United States manufacturing sector there has 
been a steady declir.e in the ratio of production workers 
10 non-production workers over the past 30 years. For 
the period from 1959 to 1989, figure 11.2 shows the per
centage increase in United Stales manufacturing outputs 
and inputs classified by materials, capital and production 
and non-production workers. Capital has increased ap· 
proximately in line with output. Labour and materials 

have t:rnwn less rapidly. and while the trend for produ•._ 
tion workers did show period.'i of gmwth over the 30-
year period. corresponding lo upswings in economi1. ac
tivity. it always retreated toward its 1959 level during 
downtum'i. After falling to slightly below its 1959 levci 
during the severe downturn from 1979 to 1982. the level 
of employment of production workers rose only slightly. 
back to its 1959 level. and remained rhere a-; the 
economy underwent expansion following the recession. 
Thus while manufacturing output and capital input in 
1989 were twice their 1959 levels, materials input in
crea'iCd by about two lhird'i, non-production labour by 
about 40 per cent. and production labour remained al the 
same level as in 1959. 

(d) Effect of traJ, in manufactur's on blue
col/ar 'mploymmt 

Dividing the period from 1959 to 1989 ir.to three in
tervals. whose end-points correspond roughly to peak 
years in the business cycle. it is evident from figure 11.2 
that the overall rate of growth in skill upgrading• accel
erated period by period. In the first period, from 1957 10 

1973, the ratio of white-collar lo blue-collar workers 
grew slowly at an annual rate of O.C>69 per cent. In the 
next period, from 1973 to 1979, ii grew at 0.299 per cent 
a'i white-collar employment increased sharply. while 
blue-collar employment stagnated. Finally. from 1979 lo 
1989 i:s growth increased lo 0.599 per cent. when white
collar employment remained almost unchanged and hlue
collar employment plummeted. A recent paper of the 
National Bureau for Economic Research undertakes to 
explain some of the factors responsible for these trends 
in the United States manufacturing sector 161. Skill up
grading in each of the three periods is decomposed into 

•The trrm •kill upJEfadiPJE ~an• an incrra~ m rhc ratio or n1m· 
prod1K·rion tn production rmployrt•. and the ltrm• production and non· 
production wc'l'ktn art •ynonymou• w11h lllut·C••llar and whitr-collar 
wmktr•. 
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Tai* D.S. Uailed States weekly -&C da•p rcw r.l-liec wmkn. 1963-19l'JI/ 

Perc:cn1age change in anrage real weekly wage 

hem 1963· 1971 1971-1979 1979· 1987 1963· 1917 

Gender 
!\.fen 19.7 ·3.4 -2.4 13.9 
Women 17.6 -0.11 6.1 22.9 

Years ol educalion 
8·11 17.1 0.3 -6.6 10.9 
12 16.7 1.4 ·40 14.l 
13-15 16.4 -3.4 l.S 14.4 
16+ 25.S -10.1 7.7 23.1 

Years ol cxpcricn~ (men) 
1-S 17.1 -3.S -6.7 6.11 
26-35 19.4 -0.6 !6.11 

Years ol education and cxpcricocc (men) 
Education, 11-11 
Ezpcricacc. 1-S 20.S l.S -IS.II 6.2 
Es pcricnc:c. 26- 35 19.3 -0.4 -1.9 17.0 

Educaiion. 12 
Eapcricnc:c, 1-S 17.4 0.11 -19.B -1.6 
Eapcricnc:c, 26-35 14.3 3.2 -2.8 14.7 

Educarioa, 16+ 
Eapcricnc:c. 1-S 18.9 -11.3 10.11 111.4 
Eapcricnce, 26-35 28.l -4.0 I.II 25.9 

Total 19.2 -2.B -0.3 16.1 

Solar~: Lawrence F. Katz and Kevin M. Murphy, "Changes in relative wages, 1963-1987: supply 
and demand factors", Qu:uftrly Joumal of Economics, vol. CVll. No. I (February 1992), table I. 

II The numbers in the table represent percentage changes in mean weekly wages. 

Figure U.2. United States manufacturing: outputs Md Inputs, 195•1989 
(Percentage change) 
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~: Eh Barman. John Bound and Zvl Gritieha. "Changes in lhe demand IOf skilled lebour witllin Uniled Stain menulKturlng indull"": ~ 
from lhe llMU8I suiwy of mar.ufactunng· (Cambridge. MatNcnuHnl. NaliOnlll Bureau of Economic ReMarch. Inc:., January 1993). figure 3. 
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that caused by employment shifting betwtt-n high- and 
low-skill industries. ;and that Jue: to changes in the ski:I 
1."0ltlposition of labour within industries. In searching for 
explanatiuns for the increa.-;e in the u.-;e of whitc-coliar 
la.bouT relative to blue-t.-ollar labour. the stuJy r.::lllsiders 
the growth of international trade in manufactures. the 
defe111.-c builJ-up of the 1980s. other changes in the 1."'llftl
position of domestic demand for manufactures. and tech
nological change. 

In the United States. i111.-reases in imports and exports 
exert their effect on the ratio of blue-collar to while-t-"Ollar 
employment in part because imports tend to be C0111.-cn
tr.ated in the more bluc-t--ollar-intensive industries. while 
exports tend to be conccnlr.lted in the white-collar-inten
sive industries. An increase in imports will tend to dis
pla..-c employment in the traditional lower-technology in
du.'ilries. while an increase ir. exports will increase em
ployment in the modem highcr-(cchnology industries. 
Using a 450-industry disaggregation of trade and pmduc
tion. it is pos.o;iblc lo trace the amount of employment that 
wa.o; shifted between industries as a result of international 
trade in each of the three period.-;. In tenns of the pen:enl
agcs of the overall skill upgrading that occurred in manu
facturing in each of the three periodo;. the amount due to 
trade operating thmugh these "belwccn-indu.o;try .. effcc..""ts 
was 25.6 per cent from 1959 lo 1973. 7.3 per cent from 
1973 lo 1979 and 8.7 per cent from 1979 to 1987. In the 
1979 to 1987 period it was also possible to evaluate the 
effects of defence purcha.o;cs on the ratio of white-collar 
to blue-collar workers. The defence build-up of the 1980s 
wa.o; found to account for 13 per cent of the increase in the 
ratio. In addition. changes i11 composition of domestic 
demand for manufactures other than defence also tended 
to result in a shift in employment to more white-collar
intensive industries. accounting for another 8 per cent of 
the skill upgrading that occurred in the lao;t period. 

Together. the effects of international trade. the defence 
build-up and shifts in non-defence Jomestic demand 
account for less than a third of the incrca-;e in the ratio 
of white-collar to blue-collar manufacturing employment 
from 1979 to 1987. The rest of the relative decline in 
blue-collar manufacturing employment in the United 
States was Jue to other factors. or could not be captured 
in the statistical framework and used in the study.• 
Changes in management organi1.ation or differences in 
the classification of employees may explain some of the 
residual change. but most observers ao;sign the hulk of 
the change in the structure of manufacturing employment 
to technological change. A numher of observers have 
pointed to the computer revolution. For example. one 
study shows that the share of production workers in total 
employment wao; 2.5 pcrcenlage points lower in plants 
using three or more advanced technologies (computer
aidcd manufact&aring. engineering, design etc.) than in 
plants using no such technologies. In addition to process 

•One ~•r:nificanl rac10J neaping lhe 450-indu~lry diuggrrga1ion 
u~J in lhe iludy •~ inlra-indu~lry Ira.le. Thr aulhon addreu lhi~ i''llr 
w11h 'IOmt ad hoc ohwl"\lalion' on in1ra-indu,1ry 1ra«te and ou1wurcing 
or Cllfnponrnli lo fomgn iUpplirn. faa.:I figurr~ on lhe rffrcl or 'uch 
import' on ~kill upgrading cannoi hr r•lallh~hcJ hrcau~ rali<"l'.C or non
produc11on 10 prnduclion rmploylllfnl an noc na1lalllr for 1ndu•1nr' 
diur:grrga1rd hrlow rh<e 4-digil (450 indu•lry) lrvrl 11 i• howrvrr p.,. 
•ihlr lo r'lahli•h wmr upprr llound• r°' lhc conlrihulion• 1ha1 ~uch 
imporl• could make II> ~kill upvil<linjl. On lh" ha•i•. 1he au1hon rrp111 
lhal 1hr 1ocal rffrcl• or 1radr on ~kill UP1Eril<lin11 could he 'IOrntwhal 
h111htr 1han lht li11uru rrponed 1n lht 1u1, 11111 nol rnough h1r:hrr lo 
al1er 1he1r conclu"""'· 

innovation. in many cases pruduct innovation has lcndcd 
to be proJudion-labour-saving. The ~pla..-cmcnt of clcc
lmmcchanical devices by micro- clcc..-rronic devi1.-cs in the 
telecommunications industry is one example. 

While over the pasl 30 years there has been a fall in 
the demand for unskilled relative lo skilled labour. there 
is some preliminary eviden1.-c that the trend may be shift
ing in the other direction. The most obvious evidence is 
the apparent tendency for enterprise restructuring in the 
pasl few years lo shed whue-collar workers lo a much 
greater extenl than in previous recessions. Another indi
cator is related to the sharp increase in ge~r.'1 business 
prod1K."tivi1y in the United Stales economy in 1992. The 
gain of 3 per cent in 1992 was the largest increao;c in 20 
years. The large investmcnl in computer equipment and 
software and the rcorgani7.alion of firms may be begin
ning to pay off in higher prod1K.-rivi1y. In many cao;cs 
computer technology can repla..-c white-collar staff in the 
activity of J>fUl.-Cssing and distilling information for man
agement and communicating the rcsulL~ back to produc
tion workers. One ao;pcct of the restructuring of manufac
turing fimt.o; in the United States ha~ been to give greater 
respon.o;ihility to production wo~lers. Whelher it is called 
lean pmduction, the Toyota manufacturing :.ystem. the 
just-in-time inventory system or the re-engineered firm. 
new types of firm organization have emerged which re
quire fewer white collar workers per unit of output. It is 
much too early, however. lo say how far this trend will 
go. or whethec it will eventually reverse the effcclo; of the 
past 30 years of technological change that tended to dis
place blue-collar workers. Yet. it docs seem likely that 
thc.o;c changes will have their main impact on beller
educated and more highly skilled blue-collar workers. 
This emphao;is on enhancing the rcspon.o;ibilities of pro
duction workers hao; sometimes been called the "white 
collari7.ation .. of the blue-collar labour force. by which is 
meant something quite different than the type of white 
collari7.ation discussed above. 

(e) North American Free Trade A~rumt'nt 

Despite some popular opposition in all three countries. 
Canada, Mexico and the United States signed the North 
American Free Trad< Agreement (NAFT A) in Dccem~r 
of 1992. NAFTA expands the free trade area consisting 
of Canada and the United States lo include Mcxicil. Ir it 
is ratified by the legislatures of the three countries, it will 
take effect on I January 1994. 

Al that time the three countries will remove most 
quantitative restrictions. such ao; quotas or import liceros
ing rC<juiremc:nLo;, on imports from the other NAFT A 
members. Some quantitative restrictions will be simply 
abandoned. while others will be converted to tariffs. 
Tariffs will he eliminated over a period of 5 lo 10 years 
in most cases. but up to 15 years in a few cases. Since 
tradc-weighled tariffs are already low between Mexico 
and the United Stales, the removal of non-tariff barriers 
will give lradc an immediate boost. Mexican tariffs on 
goods imported from the United Slates arc approxi
mately 10 per cent on a trade-weighted basis, and the 
corre11ponding figure for the United States is about 4 per 
cent. Sectors where full implementation will stretch out 
over I 0 to 15 years include r.ome agricultural products, 
1ex1iles, steel and financial services. 

While NAF:'f A establishes a trade block lhal is only 
slighlly smaller than lhe European Communily (EC) and 
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the European Free Trade Association IEFTAl. el.°llO(~mic 
integr.ition will he more limited under NAFTA. and 
poliucal union is not a goal. In particular. while the 
NAFTA agreement allows for a substantially free flow of 
capital between the three countries. it does not pru\'ide 
for the free flow of labour. Funhennore. NAFTA does 
not ctmstrain the external tariff policies of the three 
n.embers. 

NAFTA will increa.'i«! alreac.ly substantial trade flows 
among the three nmntries. The !low or gooc.ls anc.I serv
ices hetween Canada and the United States is the largest 
bilateral trade flow in the world. and that between the 
United States and Mexico is the ninth largest. Mexico is 
the third largest United States expon market. behind 
Canada and Japan. tn 1992. following a "urge nf 27 per 
cent in impons fmm the United States. Mexico ac
counted for some 9 per cent of United States expon.'i. 
Canada and Mexico combined account for some 30 per 
cent of United States merchandise expons. and the 
United States accounts for between 60 and 75 per cent or 
Canadian and Mexican expons and impons. The United 
States and Canada ha\'e long sent investment fund'i in 
both directions. although United States nationals and 
corporations own a much larger share of Canadian busi
ness than the other way around. In the ca.'iC of Mexico. 
the flow of direct investmen1 ha.'i been from the United 
States to Mexico. and Mexican investment law had until 
recently taken a very restrictive stance toward investment 
outside the maquiladora pmgramme. 

A typical view of NAFT A proponents in the United 
States is illustrated by a quote from a monograph on the 
effect or NAFT A on the economy of the State of Texas: 

.. Global production works only if trade barriers are kept lnw 
to minimize 1be costs of final production. WilhtlUl !he low 
barriers. Unilcd S1a1cs induslry WtlUld lose ground to Euro
pean and Japanese: producers. United S1a1es strategy cannot 
be 01hcrwisc if the nation is lo maintain income levck .. (7J. 

A large share of Mexican maquiladora manufactures 
has been in intermediate goods that are used in producing 
final products for the United Stales dome~ti..: and expon 
markets. And much of the trade between Mexico and the 
United States takes place on an intra-finn basis, with 
parent firm and its subsidiary shipping pans and products 
between their own corporate units. Production costs for 
products with a significant proportion of maquiladora 
inputs, or other imponed inputs. can be significantly re
duced with the use of such imponed inputs. The auto
mobile and semi-conductor industries are probably the 
largest usero; of imported inputs in the United States. 

Another view of NAFT A as a strategic alliance notes 
that members will face tariffs with one another that arc 
lower than tariffs that non-members will face. Busine.u 
Week reports; 

.. Caterpillar Inc, whi~·h in 19113 sold only 12 pieces or equip· 
ment in Meitico. shipped 1.200 there (in 1991 (. NA .. TA will 
rrmove tarifh of 15 to 211 per cenl on Nonh Americ:-o 
equipment sold in Mexico, while maintaining duties against 
Japanese rival Komatsu, Lid". 

On the other hand, the difficulties facing maq11i/Gdora 
fim1s may increase. Again BuJine.u Week reports: 

"Because or NAf-T A. Mciticans asscmhling televisions. sic· 
rco\, and rnmpurers from mostly Asian components will 
find rhcmsclves al a disadvantage. They will pay a 15% 
larirr on imponed A\ian gear. while nor qualifying for duty
free entry into the llni1cd S1a1cs." 1111. 
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The conc..-ept of .. Fonrcss Nonh America .. may be a 
latent threat. but without a c.."'tmtmon external tariff policy 
it is unlikely to materiali7.e. While some external dis
crimination will result. the economics works against it 
Consider. for ~xample. the case of 15 to 20 per cent 
lariffs on Komatsu equipment versus Caterpillar equip
ment mentioned in the quotation fmm Businl'u Week 
cited abo\'c. U Mexico retains the tariff on Komatsu 
equipment. il enables Caterpillar to charge its Mexican 
customers up to 15 or 20 per cent m·er what it could 
charge them if it faced compelition al a zero tariff r.ite 
with its Japanese competitor. Logic would dictate that. in 
such cases. Mexico would exercise its right under 
j'l;AFTA to lower tariffs against products 1.-oming from 
outside NAFT A in order to gencr.ite a better market for 
Mexican buyers. On the other hand. NAFT A local con
tent rules. particularly in the automobile and textile in
dustries. will cause some intennediate goods that are 
currently imponed from outside Nonh America lo be 
replaced by goods produced in Nonh America. The ef
fects of NAFTA on South-Ea.'il Asian exponers is de
scribed in connection with the discussion of that region 
in section I of the present chapter. 

8. Japan 

The Japanese economy appears to be following a path 
of gradual upward movement after the sharp c.lccline in 
economic growth in 1992. The after-effects of the punc
tured bubbles of asset inflation distinguish the recovery 
this time from earlier ones. Banks have become more 
careful in lending as a result of the ma'is of non-perform
ing loans related to land and stock speculations.* Con
sumers seem to have lost confidence. while enterprises 
ha\·e been hit by profit falls and unccnain sales pros
pects, and trade di ;putes with the United States and fur
ther yen appreciation cloud the near-term picture. Posi
tive thrusts for growth, howe\'er, arc coming from strong 
cxpon demand in the Asia-Pacific Basin. from signs of 
economic recovery in Nonh America and from the gov
ernment fiscal stimulation package. The stimulus pack
age consists or $90 billion or additional government 
spending. mainly on infrastructure projects. Because 
govemmeOl debt in Japan is low. the increao;e in spend
ing is not likely lo have any adverse effects on business 
or consumer confidence. as such deficit spending meas
ures might have in many other OECD countries. On the 
other hand. $90 billion is small in relation to the si1.c of 
the Japanese economy. and il> meant only to help initiate 
recovery and restore confidence. The Government is 
clearly relying on private investment as the main engine 
of growth. Intermediate and long-run prospects appear 
good, especially because of proven techno-industrial 
prowess in the capital goods and engineering-intensive 
sectors. 

In 1992. GDP grew hy only 0.8 per cent, compared 
with 4.4 per cent in 1991 and 5.2 per cent in 1990. A 
GDP growth rate of I. I per cent for 1993 and 2.5 per 
cent for 1994 is for,.sccn as likely. MV A dedined 

•Ar I~ hctjlhl or a•~I infla·mn m l>ecrm~r 19'XJ. lh«> Tokyo <lnck 
markel wa• worth o~er 40 per cenl or all IM world •lock mark«-1< 
cnmhu,ed. Ry IM ~nd or 1992. Tokyo"• worth had rallen hy <ome 60 
pt'r ctnl. 



sharply in 1992 (-6.2 p:r 1.--ent). The decline should con
tinue in 1993 (--0.K per cent). with growth of l.K per cent 
expected in l~ (see table I.I). Lal by industries such 
3.'I electri.:al and non-electticai macl1i1icry. tr.m.,rnrt 
equipment 311d chemicals. MV A grew by an average of 
3.6 per cent during the period fro,n 1980 to 1990. During 
the period fmm 1990 to 1992, however. declines. a\·er
aging -0.9 per cent. were reco~ in most industrial 
hr.inches (see table 11.6). Only IO out of 28 industries 
achieved positive growth. During 1990192 the industries 
that experienced the sharpest declines in output were 
industrial chemicals (-7.7). leather 311J fur pmdt;cls 
(-6.5). wood and cork products (-5.2). glass and glao;s 
products (-5.4) and non-c!ectrical machinery (-5.6). Par
tially offsetting declines in these industries were large 
increa..es in output in petroleum refining (27.8). miscel
laneous petroleum and coal products (17.5) and tobacco 
manufactures ( 11.2) industries. All three of these indus
tries are ones in which output declined during the 1980s. 
Frum figure 11.3 it can be seen that the share of MV A in 

Japanese GDP stopped growing as of 1991. amt sini:e 
then labour productivity and m;mufacturing employment 
have also fallen. 

A medium-tem1 11992-1997) projection for annual 
gmwth in \'.Ui•::: .. industries indicates a re!um to higher 
gmwth lsee table 11.7). The leading industries include 
electrical machinery 15.4 per cent). general ma~~i!'!<"ry 
1-t.7 per cent). precision instruments (3.9 per cent). 
chemicals (3.6 per cent) etc .• although transport equip
ment provides the exception (only 1.3 per cent).• 

The relati\·ely weak recovery pnx.-ess indicates that the 
aggres'live investment experienced from 1988 In 1990 is 
not likely to be repeated in the near future. It should be 
recalled that the economy recorded double-digit invest-

•111t high-1oechnolnn-in1m'i~e ind~1ri~ att al .. , npttletl 10 le"'1 
!hr. export growlh or J;ip;m in 1993. F.w in.,un..-e. mxhinery-and-equip
mml t:itports will grow al 9.1 per •-C-nl and 111m-111t1allk: mi~ m;mu
ra.:1~ al 9.7 per <-enl. etlfll(l3ttd wilh :m aver.a~ gniwlh or II.II per 
cenl for all e:itports in I~ 'Wilt yc-ar. This export prn~tinn wa.' •up
pliN hy 1hc Japan C~nltt r1w E<.-.momic R~arch 1T111ty11l. 

T•bk 0.6. Growt• rataofMVA ia 21 illdatrica, 
1970-1992, Hd 1990 iadllSlry Dares: J.pH 

(Percentage) 

Average annual growth rates Share in 
total MVA!.-' 

ISIC Industry 1970-1980 1980-1990 1990-1992 1990 

311 Food S.1 3.4 2.2 1.S 
313 Beverages 1.8 I.I -0.6 1.2 
314 Tobacco manufactures 6.4 ·S.4 11.2 0.2 
121 Textiles -r .1 -o.s -1.0 3.0 
Jn Wearing apparel S.4 2.3 2.2 1.3 
323 Leather and fur products 3.3 1.4 -6.S 0.2 
324 Footwear. excluding 

rubber or plastic 4.S 1.4 -1.7 0.2 
331 Wood and cork products 1.6 - 1.7 -S.2 1.6 
332 Furniture and fixtures S.1 2.3 3.S 1.0 
341 Paper and paper products 2.1 2.7 -1.6 2.S 
342 Printing and publishing s.s 4.3 - I.I S.4 
3SI Industrial chemicals -1.3 4.1 -1.1 4.3 
3S2 Other chemical products 4.6 S. I 6.3 S.2 
3S3 Petroleum refineries 9.9 -8.8 27.8 o.s 
3S4 Miscellaneous petroleum 

and coal products 6.3 -2.4 17.S 0.2 
3SS Rubber products 3.8 4.1 -4.7 1.3 
356 Plastic products n.e.c. 6.7 S.8 4.2 3.S 
361 Portery. china and earthenware 3.4 -2.6 0.3 
362 Glass and glass products 1.4 4.8 -S.4 0.9 
369 Other non-metallic mineral 

prod <CtS 4.6 1.4 -1.S 3.0 
371 Iron and steel 3.9 -3.4 S.4 
372 Son-.ierrous metal\ 4.7 -1.4 -3.3 1.3 
381 Metal products. 

excluding machinery 2.8 4.3 I.I 7.1 
382 Non-electrical machinery 2.8 S.8 -S.6 14.2 
383 Electrical machinery 3.1 6.S - 1.9 lS.O 
384 Transport equipment 3.4 4.9 -0.2 10.7 
38S Professional and scientific goods 6.3 2.0 6.0 1.4 
390 Other manufactures 2.8 :u -2.3 l.S 

Total 3.3 3.6 -0.9 100.0 

Snurct: t.:SIDO Industrial Stati51ics Database and l:NIDO/PPD/IPP/Gl.O. 
Nnrt: In computing regional MVA growth rates. sectoral '.\.fVA for each country is valued in 

national currenry at 1990 prices and then aggregated to regional lotals 11 1990 l:nilcd Slates dollar 
exchange rates. 

II Total MVA for the counlry in 1990 was S891,779 million 
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Fegure D.3. Growth rates of GDP, llVA •nd mmnufacturing employment, 1987-1994, •nd lndustrilll structural 
change, 1~1994: ....,.n 
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Source: UNIOO dalabRH. a111ma1n end lorecasll by UNIDOIPPO/IPPIGLO 
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Key: 

Deflated prices of 1985 

g = Average annual growth rate. 1980-1994 
(percentage) 

0 = Index of structural change, 1980-1994 

ISIC code 
---- ----
31 
321. 322 
323, 324 
33 
34 
351, 352 
353, 354 
355 
356 
36 
371 
372 
381 
382 
383 
384 

(industries): 
--- --- --
(Food products) 
(Textiles) 
(Leather) 
(Wood and furniture) 
(Paper and printing) 
(Chemicals) 
(Petroleum and coal) 
(Rubber products) 
(Plastic products) 
(Non-metal mineral prcducts) 
(Iron and steel) 
(Non-ferrous metals) 
(Metal products) 
(Non-electrical machineryl 
(Electrical machinery) 
(Transport equipment) 

r---i 1990-1994 forecast 
L__J 1985-1990 

1980-1985 



Tabli: 11.7. Projected •-cc•••-• 
1ro-t• ntc:a al mdmtrics 

ia J.p ... 1992-1997 

Industry Perttntage 

Electrical machinery 
General machinery 
Scrvitts 
Banking and insurance 
Communications 
Precision instruments 
Chemicals 
Metal products 
Pulp and paper products 
Real estate 
Other manufacturin& 
Foods, beverages and tobacco 
Primary metals 
Petroleum and coal 
Transport equipment 
Textiles 
Mining 
Agriculture, forestry, fishery 

S.4 
4_7 
4.6 
4_3 
3.9 
3.9 
3.6 
3.6 
3.6 
2.S 
2.S 
2.1 
1-6 
l.S 
1.3 
1-2 

-0.6 
-I.I 

Somct: Japan Center for Economic Research 
(Tokyo). 

mcnl growth for plant and equipment for three years 
consecutively-namely, 16.3 per cent in 1988, 14.3 per 
cent in 1989 and 11.2 per cent in 1990. Then in !991 the 
rate fell lo 2.7 per cent followed by -4.6 per cent in 
1992. According lo a sample survey by the Kogyo Bank, 
the growth rate of investment for plant and equipment 
will continue lo be negative in 1993 (sec table 11.8 for 
industry details). The collapse of asset prices in 1992 

Table D.I. Oro-tll rates al pla•mcd 
cwpmditarc OD pla•l aU eqaipmalt by 

i8datrics ill Japa•, 1992 amd 1993 

Industry 1992 

Manufacturing -11.8 
Iron and steel -0.8 
Non-ferrous metals -14.6 
Electrical machinery -24.6 
Shipbuilding 31.3 
Automobile -10.S 
General machinery -12.4 
Petroleum refinin& 1.0 
Chemicals -20.2 
Textiles -0.3 
Pulp and paper products -20.0 
Pottery -14.7 
Foods -6.1 

0tJwr manuf OCtullS -10.1 

Non-manufacturing -1.0 
Electricity 11.1 
Min in& lS.S 
Gas -10.9 
Construct ion -16.6 
Real estate -6.2 

Total -2.S 

1993 

-12.9 
-21.3 
-10.2 

-3.3 
-13.9 

-7.0 
-14.4 
-13.0 
-13.7 
-11.3 
-24.S 
-24.2 
-10.9 

-29.2 

-S.3 
6.2 
4.2 
4.2 
7.2 

-IS.8 

-S.4 

S'.JllTCt: Sample survey by Kogyo Bank (Tokyo), 
reported in Asahi Shimbun, 6 October 1992, p. 9. 

rNlk.~ the ability of enterprises to bormw tm '-"cllateral. 
F.x'-"CSS pmduclion capacity and accumulated inventories 
coupled with sluggish consumer demand ( 1.2 per '-"Cfll 
and 2.4 per ttnt growth estimated for 1992 and 1993. 
respectively) all lend to erase needs to add capacity. The 
ability of Japanese banks lo pmvide investment finaD'-"C 
has also weakened; average return on equity of major 
banks dropped from 9.9 per '-"Cnl in 1990 lo 5.9 per '-"Cnl 
in 1991. and to 4.8 per '-"Cnl in 1992 (91. 

Negative investment growth is also observable in 
Japanese investment abroad. Total foreign direct invest
ment dropped by 28 per ttnl. to S 17 billion. during 
fiscal 1992 (running to end Man:h 1993). compared to a 
peak of $50 billion in 1990 [IOI- The Ministry of 
Finance reported that in the second quarter of 1992, com
pared to one year earlier. foreign direct investment in 
manufacturing tumbled by 20. l per cent, while non
manufacturing fell by 7.0 per cent. By region, foreign 
direct investment in the United Stales fell by 8.3 per 
cent, and in Western Europe by 25.4 per ttnl; in con
trast, in the Asian region it rose by 5.5 per cent. This 
distribution seems to reflect recent profitability differ
ences. Indeed, a recent study by the Nomura and 
Mitsubishi Research lnstilules shows that only 20 per 
cent of Japanese foreign direct investment in the Uniled 
Stales during the late l 98hs began yielding profits within 
two years; the figure for Asia was 80 per cent ( 11 I. 

Al the enterprise level. the short-run adjustments have 
taken various forms, such as slashing annual recruitment 
of college graduates, reducing working hours, closing 
unprofitable product lines. freezing promotions. culling 
executive remunerations by as much a'I 35 per cent in 
some ca'ICs. and eliminating workers' bonuses. However, 
it is noteworthy that while planned expendilu~ for plant 
and equipment in 1992 were sharply down, those for 
Rand D hardly changed (sec tables 11.8 and 11.9). ll is 
evident that Japanese finns believe that in the long run 
technological progress mauers, and they arc not willing 
lo compromise it for short-run considerations. 

I. Policy issu~s 

The year 1992 saw yet another record trade surplus 
amounting lo S44 billion with the United States. $42 
billion wilh Asia. and $31 billion with the EC. and lhe 
current account surplus rose by 40 per cent in fiscal 
1992, lo a record $126 billion. The Japan Center for 
Economic Research projects that the currenl account 
surplus of Japan will increa'IC lo S 143.1 billion in fiscal 
1993. or 3.5 per cent of nominal GNP ( 121. The result 
has been increa'ICd international pressure on Japanese 
policy makers lo improve international trade and invest
ment access 10 the dome5tic market of Japan and lo 
reflate the Japanese economy. 

The new administration in the United Slates has been 
actively seeking lo reduce the large trade deficit with 
Japan. Japan, with it5 huge exports of motor vehicles and 
electronic goods lo the United States and relatively low 
import penetration in its home market, has become the 
focus of auention of United Stales trade policy makers, 
whereas Japan claims lo he allowing firms 10 follow the 
dictates of comparative advantage and United States con
sumer cho. ;es. Specific industry targets established in 
the past have included the agreement to give United 
States producers 20 per cent of the Japanese market in 
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Box 11.1. Japanese high technology and the techno-paradigm shift 

Technology fusiQn is embodied in the changes that 
swep~ across industry during the last decade. With the 
emergence of high technology. changes are occurring 
in the whole framework of corporate strategy. From 
past studies the following four categories of this para
digm shift can be derived: 

(a) Manufacturing companies-from a producing 
to a thinking organization; 

(b) Business dynamics-from a single to a multi
technologies basis; 

(c) R and D activities-from visible to invisible en
emies; 

{d) Technology devalopment--from a linear to a 
demand articulation process. 

First. a redefinition of the manufacturing company 
is taking place. The manufacturing company is tradi
tionally a site for production, and the formulation of 
the economist is a production function: capital plus 
labour equals output. But in many Japanese manufac
turing companies. R and D investment is much 
greater than capital investment. R and D investment 
surpassed capital investment quite recently in Japan, 
and the change occurred rapidly. So as Rand Din
vestment surpasses capital investment, the corpora
tion shifts from being a place for production to being 
a place for thinking_ 

Second. there are changes in the business environ
ment. In the past. one tec:-:nology corresponded to a 
company. But now, especially in Japan, technological 
diversification has progressed so much that it is hard 
to distinguish a company's principal business from its 
secondary business. In many cases, the principal 
business of a company is now overtaken by its sec
ondary business. Today's leading Japanese compa
nies have entered the stage where they survive by 
adapting to the environment, relying on consistent, 
dependable R and D. 

Third, major changes are observed in the field of 
R and D investment decision-making. Investment de· 
cisions are no longer based on rates of return. It is 
more like the principle of surfing: the waves of inno· 
vations come one after another, and there must be 
investment; if even one opportunity is missed, the 
company is left behind. The pattern of competition is 
also changing. Competitors used to be solely compa
nies within the same industry, but that is no longer 
true. Thus high-technology companies have lo moni
tor not only direct competitors in their own industry, 
but also companies in other industries. In effect, this 
means that high-technology companies must engage 
in R and D competition with ·invisible enemies". 

Fourth, there are changes in the technology devel· 
opment process. In the high-technology era. the key 
issue of technology strategy has become not how to 
break through technological bottlenecks, but how to put 
existing technology to the best possible use. Accord· 
ingly, a day of reckoning has come for technology 
strategy, which traditionally has emphasized the supply 

side of technology development. A need has now 
arisen for a technology strategy that works from the 
demand side. In developing a new strategy to meet this 
need. the most important element is the process of 
demand articulation. Through this process. the need 
for a specific technology manifests itself. and the R and 
D effort is targeted toward developing and perfecting it. 

It is easy to synthesize these four categories of 
techno-paradigm shift arour.d the concept of technol
ogy fusion. There is a strong relationship between 
technology fusion and manufacturing companies be
coming thinking organizations. Technical terms are 
increasingly being used as catch-phrases for corpo
rate identity and for defining a corporate business 
domain. For example. C & C (computer and commu
nication) is used by NEC. E & E (energy and electron
ics) by Toshiba, and IM & M (information movement 
and management) by AT & Tin the United States. As 
those phrases imply. technology fusion is en1oisioned 
clearly. and such phrasing has helped shift these 
companies into growth markets. 

Technological diversification is a necessary condi
tion for technology fusion. In .Japan, technology fusion 
is attained through diversification of Rand D. Through 
the technological diversification efforts already made, 
Japanese companies have established the fundamen
tal basis for technology fusion. 

The techno-paradigm shift in R and D activities will 
facilitate the realization of technology fusion. Because 
of the competitive threat from companies in other in
dustries solving critical technical problems first, some 
companies are forming alliances with outside compa
nies. Alliances between companies in different indus
tries work not only as a competitive hedge against 
major technological surprises that might be brought 
about by companies in different industries. but also as 
a device that facilitates technology fusion. 

Technology fusion is intrinsic to the process of de
mand articulation. Demand articulation is a process of 
converting the customer's vague wants into a set of 
R and D projects. Because R and D is demand
driven. companies may very well not have the techno
logical capabilities in-house to solve the technical 
challenges. To acc1.1mulate the necessary expertise 
requires a search and selection process outside the 
company. As companies develop their skill at articu
lating demand, they will also develop a skill at fusion. 
Indeed, demand articulation drives technology fusion. 

The changing focus of manufacturing companies, 
the diversification of R and D, th9 changing p~ttem of 
R and D activities, and the increasing importance of 
demand articulation are all related. Taken together, 
the message to management is clear: technology 
fusion is becoming an increasingly important strategy 
for creating r.ew products and new materials. 

Source: Fumio Kodama. "Technology Fusion and lhe 
New A and o·. Harvard Business Review, vol. 70, No. 4 
(July·Augusl 1992). p 73. 



Table n.9. l!speeditara oe ,.. •• Hd cqaipmcet Hd 
R Hd D by 1eluted coapaeiea ia Japae, 1991 alld 1992 

(Billion yen) 

P!ant and equipment Rand 0 

1991 1992 1991 1992 
Company (actual) (planned} (actual) (planned) 

Hitachi 207.S 140.0 411.6 400.0 
Toshiba 241.0 150.0 279.2 270.0 
!\11tsubish1 140.0 90.0 180.0 182.0 
Matsushita 1S6.9 80.0 418.l 430.0 
~EC 260.0 19.0 320.0 310.0 
Fujitsu 198.3 110.0 317.9 325.0 

Sourc~: Nihon K~ai Sltimban, 28 October 1992. p. 3. 

computer chips. The United States Government ha'i pro
posed that a broad range of such targets be negotiated, 
but the Japanese have so far resisted this approach as 
contrary to the principles of free trade. 

In the past. it has been thought that yen apprcciatio11 
would correct trade surpluses. But Japanese enterprises 
have repeatedly succeeded in maintaining their competi
tiveness through technological progress that offset the 
effect of exchange rate adjustment. Some have argued 
that appreciation of the yen ha'i provided a stimulus for 
Japanese enterprises lo step up their efforts to develop 
new technologies and increase productivity (see box II. I). 
If the fundamental driving force for trade and competition 
comes from technology development, then the effect of 
exchange rate aJjustments may be muted. 

A search for new policy tools may be warranted under 
the circumstance. In such an endeavour. Japan could 
make use ef its advantages, such as the "technological 
capital" combined with the dollar assets that Japan holds, 
all for some new form of "cooperation cum competition .. 
to help its trading partners reduce their trade deficits with 
Japan, if only to maintain a viable global trading system. 
This could provide a truly market-opening process as 
well as the global "leadership" demanded of Japan. One 
Japanese policy analyst has argued that "in many cases, 
changing rules will necessit:ite changing patterns of be
haviour. When Japanese systems are so different from 
international norms that the resultant friction is inimical 
to Japanese int:rests, it behoves Japan lo take the initia
tive and change its systems. This is the kind of leader
ship that Japan needs today. Indeed, the essence of lead
ership is in the ability to transform reality. As is clear 
from the lessons of history, it is very difficult to effect 
reforms when the established modalities still have some 
life left in them. but neither Japan nor the rest of the 
world can afford to wait for systemic collapse" [I J ]. 

C. Western Europe 

I. Short-run outlook 

Largely for reasons discussed in the present section, 
rather good growth expectations for most countries in 
Western Europe began to be revised sharply downward 
as of the lauer half of 1992. In particular, Germany 
ceased to be the "engine of growth" for the region. and 
sudden troubles related to exchange rate coordination, 

including devaluation of many European cu~ncies 
against the deutsche mark. cre:lled widespread market 
um.--ertainty. For most of the region. GOP growth c..--eased 
or became negative in 1993, and in the EC unemploy
ment is expected to rise to about 12 per t.--ent of the 
workforce Manufacturing has suffered more th:.>'! serv
ice industries; even major companies are reporting 
sharply lower sales and pmfits. 

Growth of regional GOP. 1.2 per cent in 1992. is 
expected to become negative in 1993, to -0.3 per cent 
(see table I. I). But for recovery in the United Kingdom 
after several years of decline. the regional average would 
have been even worse. Starting with Germany, where 
GOP growth is expected to dmp to - I. 7 per c..--ent in the 
western part of the country. economic slow-down spread 
swiftly throughout the region. 

The recession is expected to be short-lived. however. 
General economic recovery is foreca'il for Western Eu
rope in 1994, with GDP gmwth rising to 1.9 per cent. It 
should be noted that this a'isumes somewhat lower inna
tion and interest rates, especially in Germany, and 
great.:r stability among European currencies, a'isump
tions which (as of mid-1993) some will consider opti
mistic. 

The share of manufacturing in regional GDP is con
tinuing to decline. Following negative MV A growth in 
both 1991 and 1992. a further decline, -2.8 per cent, is 
expected for 1993. Economic recovery forecast for 1994 
is expected to boost regional MV A gmwth for the year 
to I. I per cent, still below that of GOP. 

High wages and non-wage benefits apparently are 
eroding industrial competitiveness in much of Western 
Europe. Major industries such as automobiles and elec
tronics arc currently suffering from high operating costs, 
so that companies arc shedding labour and seeking 
lower-cost production sites. German automobile manu
facturers, for example, are increasingly looking towards 
eastern European bases for the supply of parts and as
sembly. Small cars may soon be produced only in eastern 
or southern European countries ( 14). Wage differences, 
such as a one-to-six ratio between the C7.ech Republic 
and neighbouring Bavaria, are providing a strong incen
tive to relocate. 

Germany, nevertheless, accounts for the largest share 
of regional manufacturing, 35 per cent as of 1990 (sec 
table 11. IO). France, the United Kingdom and Italy ac
counted together for another 39 per cent. Production of 
non-electrical and electrical machinery and transport 
equipment dominate regional manufacturing. Together 
these industries accounted for one third of 1990 regional 
MV A. Figure 11.4 illustrates a general decline in MVA 
and regional manufacturing employment in the 1990s, as 
well as declining labour productivity relative to the late 
1980s. 

2. IJelays in forming a single European market 

Until about mid-1992, movement towards a greater 
European polity and economy within a few years did not 
seem in doubt. The Single European Act of 1987, which 
was designed to remove inconsistencies in economic and 
business regulations and practices within the EC by the 
beginning of 1993, had been agreed. The Maastricht 
Treaty, signed in early 1992, outlined a wide range of 
changes that would greatly strengthen efficient decision
making within the EC, including a common currency (by 
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T•blic IUO. Growtll ntcs ~ MV A ia iaclivid .. 1-atriea aad ia 21 iaclNtrics. 
1970· 1992. aad 1990 co.atry a..S iad.stry ... ra:: Wcs1ct11 l!arope 

(Percentage) 

AYcragc •nnual growth rues Share in 
Country or industry (ISIC) 101•1 MVAll 

and tOUll 1970-1980 1980-1990 1990-1992 1990 

A. c .JtUUry bttakdowrr 

Germany (western part) 1.0 3.2 o.s 31.6 
France 2.0 1.0 -1.6 14.9 
t.:nitcd Kingdom 0.2 0.8 -2.8 14.7 
Italy 4.3 -1.2 -2.S 9.S 
Spain 7.6 0.2 -1.4 S.I 
Germany (eastern part~ .3.9 -2.S ·16.6 3.4 
Swiucrland • 1.7 1.7 0.1 3.4 
Sweden 0.9 1.0 -6.7 3.0 
t"e1herlands -0.8 2.S O.i 3.0 
Belgium 1.4 l.I -4.1 2.S 
Ausuia l.7 2.1 1.9 2.1 
Finland s.o -0.2 -4.4 l.S 
Denmark l.S 1.8 1.9 1.4 

Ii eland 6.S 4.8 6.9 0.9 
Norway o.s -0.9 0.1 
Portugal 6.S 1.3 -3.S 0.7 
Greece 6.1 0.8 ·O.S 0.7 
Israel 7.1 -0.4 7.9 0.6 
Luxembourg -1.8 3.2 0.8 0.1 
Iceland 8.S -1.9 ·S.6 
Malta 13.4 3.1 4.0 

R.. Industry bnlllulawn 

311 Food 2.8 0.8 0.6 8.7 
313 Beverages o.s 1.2 1.3 2.4 
314 Tobacco manufac1urcs -0.6 1.4 2.8 1.4 
321 Tu tiles ·O.S -1.2 -4.S 3.3 
322 Wearing apparel O.S -1. 7 -3.4 l.8 
323 Leather and fur products -1.9 -7.3 0.4 
324 Footwear, excluding 

rubber or plastic 2.3 -3.2 -S.2 o.s 
331 Wood and cork products 2.1 -1.4 -3.1 1.6 
332 Furniture and fixtures 3.7 0.1 0.6 1.8 
341 Paper and paper products 1.3 2.~ 0.3 2.9 
342 Printing and publishing 2.2 2.7 4.5 
3SI Industrial chemicals l.S 3.1 0.7 6.4 
JS2 Other chemical products l.S 4.3 S.I 
3S3 Petroleum refineries 2.9 -0.7 2.3 3.0 
3S4 Miscellaneous petroleum 

and coal products l.7 1.2 o.s 0.3 
3SS Rubber products 1.7 -0.4 1.3 
15b Plastic products n.e.c. 4.9 4.7 -0.2 2.9 
361 Pottery. china and earthenware 3.S - I.I -4.3 o.s 
362 Glass anC: glass products 1.9 0.7 -0.2 1.0 
369 Other r.nn·metallic mineral 

products 1.9 0.1 -3.1 3.0 
371 Iron and steel ·0.2 -2.8 -4.7 3.7 
37.! Non-ferro11s metai: ·0.3 1.9 ·3.4 l.S 
381 Metal products. 

excluding machinery 1.7 1.7 • 1.7 6.7 
382 Non-electrical machinery 2.0 2.1 ·S.8 12.1 
383 Electrical machinery 3.0 2.2 ·0.9 10.4 
384 Transport equipment 2.9 1.7 • 1.9 10.S 
l8S Professional and scientific goods 2.3 • 1.3 ·0.8 l.S 
390 Other manufaciures 1.7 ·0.8 0.9 

fo1a1t' 1.9 1.2 • 1.3 100.0 

Souru: UNIDO lndu11rial Stati11i-::1 Oatab11c 1nd UNIDO/PPD/IPP/OL.J. 
Not-r: In computing regional MVA growth rites, sectoral MVA for each country ii valued in 

na1ional currency at 1990 prices and then •&&regaled lo regional 101al111 1990 United S111e1 dollar 
cxchanae rates . 
., Total MVA for the reaion in 1990 Wal Sl.721,791 million. 
Ill Territory of the former German Democratic Republic. ,, 

For both country and industry breakdown. 



Figure 11.4. Growth rates of GDP, MVA 2nd manufacturing empioyment, 1987-1994, and Industrial structural 
change, 1980-1994: Western Europe 
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ISIC code 

31 
321,322 
323,324 
33 
34 
351, 352 
353,354 
355 
356 
36 
371 
372 
381 
382 
383 
384 

(industries): 

(Food products) 
(Textiles) 
(Leather) 
(Wood and furniture) 
(Paper and printing) 
(Chemicals) 
(Petroleum and coal) 
(Rubber products) 
(Plastic products) 
(Non-metal mineral products) 
(Iron and steel) 
(Non-ferrous metals) 
(Metal products) 
(Non-electrical machinery) 
(Electrical machinery) 
(Tr1nsport equipment) 

g = 0.52. {) = 9.53 

1990-1994 forecast 
_____ ] 1985-1990 

1980-1985 

Source: UNIOO dalabase; esllma:• . ,,,,,, 'orecasls by UNIOO/PPOllPPIGLO 
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1999 at latest), convergent fiscal poli.:y and EC-wide 
business law and regulations. Widening of the EC. that 
is. adding new member countries, was also being nego
tiated. 

At mid-year. a referendum in Denmark went <!gains! 
the Treaty. reinforcing doubts in several EC countries 
about greater central authority. and leading to the chaotic 
changes in the EC exchange rate mechanism (ERM) 
starting in September (se\·eral countries devalued or 
dropped out of ERM). The problem was exacerbated 
because the Gennan Bundesbank decided that it could 
not lower interest rates because government spending on 
rehabilitation in the eastern part of Gennany wa..'i threat
ening to cause higher inflation. Plans for a common 
European currency by 1999 now seemed optimistic at 
mid-1993. and continued pressures on the ERM threaten 
its existence.• Meanwhile. in major countries such as 
Italy. France and the United Kingdom. a.."i well a."i Ger
many. political pressures were weakening government 
policy options l\s of writing. the presidency and the 
Government o. france are once again divided along 
party lines. in Italy political corruption accusations have 
led to a complete reorgani1,ation of the system of govern
ment. and in Gem1any the ea"it-west problem. i11flation 
and the budget deficit are pushing other issues aside in 
political debate. 

Many changes in national legislation required by the 
Single European Act, which came into force on I Janu
ary 1993. have yet to be made. so that some border re
strictions are unclear; Asian exporters have reported 
shipments that have been delayed or blocked ( 15 J. ( 16 J. 
And negotiations between EC and EFT A r:ountries re
garding the establishment of a European economic area. 
which would provide a bridging framework until EC 
membership is widened, are also being delayed. 

Other important trade issues have been affected. A 
common stance on finali1,ation of the GAIT Uruguay 
Round, which aims at world trade liberalization. has 
been disrupted by a number of disputes at national level 
involving .. sensitive .. activities. Several of these prob
lems are also complicating trade relations between the 
EC and the United States. creating the threat of selective 
increases in protedionist measures on both sides. F..astem 
European exporters of steel and many other products are 
complaining of high EC import barriers, and that they 
need trade more thar1 aid. 

J. f,onger-term prospects 

Once Western Europe has recovered from the eco
nomic shocks caused primarily by German unification 
and the negative 011tcome of the first Danish referendum 
on the Maastricht Treaty, and has reconstructed ERM, 
the delayed prcce~s of EC deepening and widening will 
help to bring the region back to a positive growth track. 
But prospects for manufacturing in the region are not 
particularly good. Too much of industrial production 
remains in "sunset" industries such as steel, innovation 
and productivity growth tends (with significant excep
tions) to be lower than that of major competitors (espe· 

•f.RM all hut collap~d m rarly Au11u•I 1993. whrn. under prr.-ure 
frnm •peculalor•. lhr r•chan11t>·ralt' hand •prt>ad (permillt>d Ouc11,alion) 
wa., wide~d from 2.25 (corr currrnc1e•) In IS per cenl, plu• or mmu• 
(for all currencie• excrp1in11 1hr Nelherland• 11uilder m rdalinn 111 lhr 
deul!IChr mark). ERM hreakdown could re•ull in a delay of lhe recovery 
projecled for 1994. 
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cially those from East Asia). and labour costs are rela
tively high {for example. China now pmduces simple 
manufactures at a small fraction of Western Eumpean 
1:11sts). One result of declining competitiveness ha.-; been 
that EC manufacturing export..'i to non-members. as a 
share in world manufacturing exports. ha.-; declined 
steadily from over 22 per cent in 19HO to under IH per 
cent in 1992. 

The Economist. in a recent survey of the Eumpean 
Community ( 17} has summarized the pmblem thus: 

.. Eurupean cnmpeliti\·eness ha.s been continuing lo slip. 
The Community's share of world exports in manufactures 
ha" fallen hy a fifth since I 9llO. II ha.-. a widening deficit in 
trade in high technology: a study by the 1.·ommission showed 
that. between 1982 and 1990. the volume of EC high-tech 
exports to the rest of the world greu.· by only 2 per 1.-enl a 
year. while high·lech imports grew by 7.7 J>er cent a year. 

Improvement in manufacturing productivity in the EC ha." 
been sluggi-.h. Between 1979 and 1990. according to the 
Conkdcr.uion of British lndu.stry. value addt.-d per person 
employed in manufacturing rose by 4.6 pt."f cent a year 
in Japan and 3.5 per cent in America. but by only 2.5 pt."1" 

cent a year in the Community. Pel'listently high West Euro
pean uncmplnymcnt-lhc EC"s IO-per-cent-plus compares 
with 7 per cent in America and just 2.3 per cent in Japan
rcflects labour-market rigidities that are especially 1famaging 
at a time when businesses are loo .. ing for more and more 
flellible ways of organiring production and when invstmcnl 
capital moves freely round the world in search of cheap, 
efficient labour. 

EC labour is hardly cheap. Not only are wages high, but 
so are non-wage costs (such as social security payments and 
fringe bcnefils). In Italy. the European champion al this. 
mm-wage costs make up half the total labour costs in manu
facturing. West Europeans are pricing themselves out of job .. 
compared with Americans and Japanese, let alone Indians 
and Chinese. 

Back to Gennany. It~ l;:bour cosls are the highest in the 
world. Right next door, in the C7.ech Republic. is a skilled 
iabour force that costs one sillth as much. More Gem1an 
companies are discovering that they can make German-qual
ity goods more cheaply outside Gennany:· 

As mentioned earlier. the share of MV A in regional 
GOP has been declining. This trend should continue, 
with production involving low technology and low skills 
being encouraged lo relocate to low-cost areas within the 
region or to Eastern Europe or to deveh:ping ..:ountries. 
The future of manufacturing in Western Europe needs to 
be based on carefully selected, lean, efficient production 
of high-technology products based on high-skill tech
nologies, in other words, on the region's dynamic com
parative advantages. A consc<1uence of rhis prospecl will 
be, unfortunately. that manufacturing will provide fewer 
jobs for unskilled labour; rapid growth in service indus
tries will ther~fore be needed. 

D. Eastern Europe and the former USSR 

Throughout Eastern Europe and the former USSR the 
search for new political, economic and S<J\:ial rules to 
replace the discredited previcms sy~tem conlinued in 
1992 and 1991 Like the costs of German reunification, 
the process has proven to be much more difficult than 
mmt observers had (optimistically) fore~n at the end of 



communist rule. l."entral planning and Stwiet predomi
nanl.-e. Tite silU4llion is less surprising when ii is consid
e~ lhal in most of the region no historical experieoce ·if 
demr11:r.it:y or milfkel competition existed pre,·iously. 
m;iny of the people now in power ;uc ~w to gm·emment 
and public 3dminislration, and 22 new Stales have so far 
emerged from the fumier USSR ( 15). Yugoslavia (5) anti 
Cr.a:hoslovak.ia 12). Disagreements at lhe politicai level 
are imposing se\·ere rnnstrainls on possibilities for re
newal of economic policies and institutions. The Com
monwealth of Independent States ICIS). for example. 
seems now lo have hecom: mainly a forum for Jiscus
satm. 

Before discussing the regional situation. the major 
negali,·e consequences of e\·enls since 19~N on the world 
economy should he menlio~. First. the world's seco'ld 
largest manufacturing economy (a.s of 1990 still jm•t 
ahead of Japan. ignoring factors such a.s 4uality and 
military use) ha.s collapsed. sn lhal manufat:turing output 
in the Russian Federation in 1993 will he about equal 10 
that of France or Italy (and well below thal of united 
Gem1any). Second. the demise of the trading syslC'm of 
the Council for Mutual fa:onomic Assistance' (CMEA1 
and of the rouble a.'i a stable unit of exchange ha.s dis
rupted trade both within the region and with external 
partners. including many developing countries. Furthr.r
more, the ma.'isive capital requirC'mcnts associated with 
the efforts of the GovC'mment of Germany to quickly 
rebuild the C'Conomy of the eastern part of the country 
ha.'i resulted in Germany moving from being a net sup
plier 10 a nel consumer of international financial capital. 
This ha." contributed lo the rise in interest rates and fall 
in growth which has gripped Europe. The tightening in 
European credit markets ha." also increased worries that 
the flow of im·estmC'nl funds 10 developing countries 
may he negati,·ely affected. Overall. a major develop
ment problem for the 1990s has been created. Figure 11.5 
dramatically illustrates the decline. particularly in manu
facturing. since 1990. 

I. Short-run 0111/ooi 

The fall in GDP 3l.-c-elera1ed in almost all l.·ountries of 
the region during 1991 (see tables II.I I and 11.121.• For 
most countries the decline wa.s greater than 10 per l."enl. 
For 1992 there \lo·ere signs of rccovC'ry in several Ea.'ilC'm 
Eunipean countries; rates of decline slowed in Bulgaria. 
Cr.echoslo\·akia and Hungary; and in Poland the decline 
halted. For the muntries of the former USSR. however. 
C'stimated r.ites of decline were e\·en higher than for 
1991. General decline is expected 10 cuntinue in the 
countries of the former USSR in 1993. hut positive 
growth seems likely in the C1.ech Republic. Hungary. 
Poland and Slovenia. 

Industrial output (which inl.·ludes mining. utilities and 
petroleum. as well as manufacturing) continued to drop 
in the first three quarters of 1992 in all rnuntries excC'pt 
Poland I I per cent gain) (see table 11.12). In the Russian 
Federation. consumC'r good.'i output dropped by 15 per 
cenl ( ftMidstuffs by 22 per cent). crude steel hy 13 per 
cent. and output in the machine-building and chemical 
industries by at lea.'lt 20 per l.'Cnt. 

UNUX>s eslimalC's of the decline from 1990 to 1992 
in regional MY A at the three-Ji git ISIC level ( 2X sectors) 
are shown in tahle II. B. MVA in all countries and all 
manufacturing sectors fC'll sharply. 

The Russi;an Fetlr.ration. a.'i the largest economy in the 
region. with the hulk of natural resources. supplier indus
tries and con.'lumer demand, remains the key cour.try 
regarding the general economic recovery of the region, 
and in particular the other countries ,,f the fom1C'r USSR. 
fa:onomic progress is being hdd hack by political con
flicts-at the central level. between the centr.il level and 

"A• m..-nlionnl in frrdu.rtrv ,mJ ,,,,.,f,,p,,.,nt: <;f,,l>al R'f""' 
IWl.l'H. •la1 .. 1ical dala for I~ ttj!ion •hnuld ~ lttalnl wilh ca1111"n 
A maJtlf prohlem i• hrJ!h and variahle inOatiun rale• anti .:urrrn.:y vain· 
alinn; ne" currrn.:ie• att ~in!? ;oiJnpcnl in 'IClfRC cn11nrrie•. and Iran•· 
ac1inn• att often t>a'ICll on t Tnile•l Slale• dollM'i. Accounlinj? for •mall 
l'K',.. markel 1r.1n.act1on• ngy ~ iocomplcie. 

T•blc 11.11. Orms domacic produce iD a:lerced cou•Crica 
CJI P.A&Ccra Huropc aad Ille former USSR, 1990-1993 

(Percen1age change; consranc prices) 

Bulgaria 
Croatia!!.' 
Czechoslovakia 

Ciech Republic 
Slovakia 

Hungary 
Poland 
Romania 
Ru"ian Federation£/ 
Slovenia 
UkraiaeL' 

Total!!/ 

1990 

-9.I 
-9.3 
-0.4 
-0.4 £1 
-2.7 sJ 
-3.3 

• 11.6 
-7.4 

-2 
-3.4 
-2.4 

-3.5 

199111' 

-16.7 
-28.7 
-IS.9 
·IS. I sf 
-15.3 
·10.2 

-7.6 
-13.7 

·9 
-9.3 

-11.2 

-10.4 

1992 
estimate 

-IS 
·24 
-8 
-7 

-10 
-s 

-1 10 I 
-IS 
-19 
-8 

· 15 lo -13 

1993 
forcca51 

·1 

·5 to -3 
-2 to 2 

I 10 2 
-s 

-IS 
-1 

-20to-10 

-IS -1210-IO 

Sowa: National sratastics; and 1he Wiener lnsiitut fiir Internationale 
Wiruchafuverglciche (Vienna). 
ti Prchmanary. 
!!/ Social product based on dcf1n1tion used an the former Yugoslavia. 
£1 ONP. 
!!/ We1gh1cd average~. 
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Flgwe H.5. Growth rates of GDP, MVA and manufacturing employment, 1987-1994, and industrial structural 
change, 1~1994: Eastern Europe and the former USSR 
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------------------
ISIC code (industries): 
-------·-- ·---------
31 (Food products) 
321. 322 IT ex tiles) 
323. 324 (Leather) 
33 (Wood and furniture) 
34 (Paper and printing) 
351, 352 (Chemicals) 
353. 354 (Petroleum and coal) 
355 (Rubber products! 
356 (Plastic products) 
36 (Non-metal mineral products) 
371 (Iron and steel) 
372 (Non-ferrous metals) 
381 (Metal products) 
382 (Non-electrical machinery) 
383 (Electrical machinery) 
384 (Transport equipment) 

r--- 1990-1994 forecast 
L___ 1985-1990 

1980-1985 

Soun:•: UNIOO dalabase; es11males and lorecasls by UNIOOIPP0/1PP/GLO 
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Table D.12. 1.a ... n.1 -t ... I ia llCkctcd -••ra 
ol l!ulaa 11.-rape aad U1c ror- USSR. 1990-1992 

(Perccn1a1c cbanic; COCl$lanl pnccs) 

January·Scp1emMr 

1990 199111 1991 1'192 

Bul&aria!!I -1e -21 -21 -22 
Croatia -ll -29 -2? 
Czechoslovakia -4 -?S -21 -16 
fluniary -.5 -19 -17 -13 
Polanc!SI -24 -12 -11 
Romania -19 -20 -11 -24 
Russian Fcdcra1ion -1 -3 -18 
Slovenia -11 -12 -1.5 
Ukraine -1 -20 -10 

To1al!!i -.5 -13 -9 -1.5 

Soun:a: Sa1ioaal s1a1is1ics; and lbc Wiener lnslilul riir 
ln1erna1ionalc Wirisc:bafuvcr&lciebe (Vienna). 
II Preliminary. 
'.ll Wilboul privaic sc:c1or. 
sf Sales. 
fl Wei&blcd averages. 

Slate or lower levels, and between the Russian Federation 
and other CIS countries. Resolution of such conflicts is 
therefore urgently ncedcd. 

2. Macrwconomic tuUl enkrprise reform 

Poland was first in the region to take the "big bang" 
approach to economic reform. whereas Hungary has pro
ceeded on the gradual path which it started even before 
1989. A large literature has developed since on the rela
tive merits of these seemingly extreme ;x>ssiblc paths to 
economic reform, but theory seems outweighed by dif
ferences in practical circumstances. In either approach, 
the need for strong political backing when the economic 
situation appears to be wcakenin:;. as the new policies 
"bite", seems essential. Poland wavered in mid-1992, for 
example, but quickly regained its economic momentum; 
inflation continues to dcc!ine, and private foreign invest
ment is expanding rapidly. Czechoslovakia also intro
duced a strongly market-based economic reform. The 
split of the country at the beginning of 1993 has mainly 
caused problems for the economically weaker pan. 
Slovakia (with much heavy industry unprofitable al mar
ket prices. having been previously tied closely to the 
economy of the former USSR). 

Most countries have made considerable progress in 
reforming their foreign trade aoJ exchange regimes, al
though changes continue to be made. A summary of the 
situation as of mid-1992 is shown in table 11.14. 

Privatization of industrial enterprises, mostly of small 
or medium size, has been or is being introduced in most 
Eao;t European countries. The "voucher" 3Chcmcs differ 
considerably depending on whether they arc auctioned, 
distributed per capita or to workers and managers. on the 
extent to which foreigners may participate, the involve
ment of pooled investment funds, the "rights" involved 
(for example, whether they are directly re~leablc) etc. 
At the time of writing. the Polish scheme was being re
vised; the initial proposal was rejected as giving too 
much to foreign consultant firms (which would act as 
"managero;" for the large firms), and the Czech Republic 

was imposing rights restrictions on Slovak voucher hold
ers. 1bc issue is extremely complex in terms of econom
ics. law and politics, and unfortunately may be hindering 
quick economic recovery and political resolution of is
sues relating thereto. Particularly for large industrial 
firms. an agenda expressed in terms of -\.·onuncn:ializa
tion" might seem more immediately resolvable. 

Whereas the economic situation was still very severe 
in the countries of Eastern Europe as of early 1993. the 
worst seems over (except for pans of the former Yugo
slavia and Albania). That is not the case. however, for 
the 15 countries or the former USSR. 

1bc Russian Federation had the greatest polcntial for 
quick economic l'Cl.-overy since it was least dependent on 
linkages with other pans of the former USSR and CMEA 
trading partners. and has the bulk of natural resources. 
consumer demand and rouble c;ontrol. 1bc new reform 
Government initiated harsh economic reforms at the be
ginning of 1992, including drastic price increases for 
most products. so that real incomes suffered. Political 
debate since late 1992 have resulted in a near collapse of 
economic reforms and a more conservative regime. Infla
tion is soaring at an annualized rate of about l .51JO per 
cent. the rouble is weakening as a unit of exchange (near 
1.000 per United States dollar in May 1993. compared to 
below 200 in late 1992). etc. Prospect.s arc grim to say 
the least. 

At the time of writing all attempts at economic reform 
had ground lo a halt. at least temporarily. as a result of 
the constituri1mal crisis centering on the powers of presi
dent versus the legislature. The pace and path of funher 
economic reform will depend crucially on the outcome; 
meanwhile, "muddling through" describes the economy. 

In other countries that have emerged from the former 
USSR. even worse conditions generally prevail. All arc 
far from reaching internal agreement on the basic condi
tions for political and economic reforms, and although 
some have human capital and others have national re
sources, they are all weak in the short ~rm (having been 
cut off from the CMEA trading system, and/or having to 
pay world prices. especially for energy), and all arc seek
ing replacement currencies for the rouble and wayi; of 
implementing price liberalization and enterprise o\\<ncr
ship and control that do not exacerbate soaring inflation. 

3. We.stem assistance, privale foreign inve.rttMnl 
anti trade barriers 

Although $24 billion in aid had been pledged by the 
Group of Scv1:n major industriaii1.ed countries for the 
countries of the fonner USSR, so far very little ha"> been 
disbursed, laigcly because conditions imposed by the 
IMF relating to economic reform have mostly not been 
met. However, the proposed package by the Group of 
Seven wao; revised upward in April 1993 to pro¥ide the 
Russian Federation with a total of $43 billion for 
stabilization, structural reform and essential imports and 
debt rescheduling. An additional $4 billion fund to pro
mote large-scale privatization is being considered r 181. 
so that significant aid flows may soon begin. As of late 
March 1993, the Russian Federation had threatened to 
impose a unilateral six-month free1.e on debt repayment, 
as well as announcing measures to cut innation and 
strengthen the rouble, but policies remain in a state of 
nux. 
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Table 0.13. Grow .. rates al MY A ia iadi-rid .. 1 co .. trim ud ia 21 iad..uics, 
1970-1992. alld 1990 contry a.cl iacl.stry ... ta: Euacra Elllopc ud die former USSR 

( Perccn tage) 

Country or 
industry (ISIC) 

and tolal 

Former USSR 
Former Yugoslavia 
Poland 
Romania 
Bulgaria 
Czechoslovakia 
Hungary 
Albania 

311 Food 
313 Beverages 
314 Tobacco manuracturcs 
321 Textiles 
322 Wearing apparel 
323 Leather and for products 
324 Footwear, excluding 

rubber or plastic 
331 Wood and cork products 
.Bl ru1uitw.;~ an!! frw:~nrr.:s 

341 Paper and paper products 
342 Printing and publishing 
3SI Industrial chemicals 
3S2 Other chemical products 
353 Petroleum refineries 
3S4 Miscellaneous petroleum 

and coal products 
3SS Rubber products 
3S6 Plastic products n.e.c. 

A. 

8.. 

361 Pollery, china and earthenware 
362 Glau and glass produc1s 
369 Other non-metallic mineral 

products 
371 Iron and steel 
372 Son-ferrous metals 
381 Metal products, 

excluding machinery 
382 Non-eleclrical machinery 
383 Electrical machinery 
384 Transport equipmenl 
38S Professional and Kien1ific goods 
390 Other manufactures 

Totai!21 

Average annual growth rates 

1970-1980 1980-1990 1990-1992 

Cowury bnakdown 

S.9 3.3 -16.2 
6.8 4.7 -16.7 
S.6 -2.4 ·S.1 
0.6 -1.3 -22.S 
8.0 2.1 -2S.3 
7.1 -2.6 -18.6 

-0.2 -0.7 -10.S 
6.3 0.9 ·S.4 

ltrdMstly bnakdown 

3.2 3.0 ·16.S 
S.4 -2.3 -14.4 
4.6 ·14.9 
3.9 0.9 -16.9 
4.8 2.2 -lS.7 
3.1 0.1 -16.'; 

3.S 3.0 -lS.8 
3.1 1.4 -16.6 
6.3 3.7 -14.0 
4.9 ;_u !5.:' 
4.4 2.8 -16.3 
8.0 2.4 -16.3 
S.2 2.2 -14.7 
6.0 1.4 ·lS.6 

3.7 2.6 -IS.2 
s.s 2.1 -17.4 
9.S 4.3 -17.1 
8.0 3.S -17.0 
8.1 2.1 -16.l 

4.S 1.9 -16.8 
3.3 o.s -15.0 
4.1 0.7 -14.3 

8.8 2.3 -16.2 
9.7 4.S -16.2 
7.7 3.7 -16.3 
4.6 2.2 -16.I 
7.8 4.3 -16.3 
6.1 3.3 -16.6 

S.6 2.7 -16.2 

Souru: UNIDO lndu51rial Stali51ics Da1abasc and UNIDO/PPD/IPP/GLO. 

Share in 
total MVAll 

1990 

83.1 
4.6 
3.8 
2.6 
2.4 
2.1 
1.3 

16.0 
2.1 
0.6 
7.s 
4.7 
o.s 

1.3 
1.4 
1.3 
1.0 
0.8 
4.0 
2.2 
1.6 

2.4 
1.1 
0.7 
0.6 
o.s 

3.4 
3.S 
1.8 

2.7 
23.9 
3.7 
4.3 
2.9 
3.S 

100.0 

Not~: In computing regional MVA growlh rates, sectoral MVA for each country is valued in 
national currency at 1990 prices and then auregated 10 regional totals at 1990 United States dollar 
exchange rates. 
If Total MVA for lhe region in 1990 was $603,884 million. 
Ill For both country and industry breakdown. 



Tab~ 11.14. Forelp tnicle and e11tha1111 realmes In transition 1!4:onoml11 of Eastern Europe and the fonner USSR a1 of mld·l"2 

Allon1ion or rorcip 
lmpona currency 10 lhe en1erprir.c: fach•nse ra1e mech1ni1m 

Eq>ons - r.c:nor 1hrousn 
Global ·~UOla Average Unified l'ixed 

Duen Stale General use of 1:xpon Direct S1a1e General use of sys1em for 11rirf Internal Rc1en1ion Currency uch1nge r11e 1p1n11 

Country in1erw111ioft quotou/licences I&< in1crven,ion quotas/licences ronsumi:: goods (percentage) ronvenibilily quo11 sys1em auciions l'llCI I bHkel 01hcr 

Albania No No, No No No y~, No Yea, Yes S1ntc No f1<1111n1 11nce 
cxcepl for fuels, bul inopcralive January 1991 July 1992 

food, now matmls in praclicc 

Bulpria No l"o, No No 11:0 16.71' Limiled No Yca Since No l~oa11n1 

except for fuels and Fchruary 1991 
some raw materials 

CzcdKlUo¥akia So No, No No No, '\'cs s.sDI Since No No Since Yu, No 
some 20 per cenl nf crcepl cnide oil for 1111cullural January 1991 Janu1ry 19?1 49 per cenr 

expons require licensin1 and nalural gas pro<l1J(IS per dollar 
ind .SI per 
cenl rour 
f:umpnn 
currencic.s 

Estonia :'IOo So, So Yes No, ~;ll Since No Yca Yo !"o l'iicd 11ainar rhc 
except alcohol, crcept for alcohol, June 1992 deulache mark 
tobacco, gram mo1or vehicles (de flCln cumncy 

shale. hides and tobacco buud amuw<ment) 

u .... pry So So, No So No, '\'•s 13.0 De facto No, Yca, Since Yu, No 
except for fuels and cxce pt for fuels, some since aboul newr used ln1crb1nk markcl 1976 SO per ccnr 

basK' food stuffs a1ricullunol producu, 1990 1incc July 1992 ECL: ind .SO per 
indus1nal consumer rcni per llollar 
goods, 1001('('0, CIC. 

l.aflM 1'0c> !"o, '\'es Yes No ~;,l l.S.O No ? ? '\'ea Yea No 

""' 
except scnS1l1YC &<>O<h 

...... (natlONll sccunty, hHlth) 



t Table 11.14. (COllW...M) 

--·-
l\lloca1ion or fore1sn 

lmpon1 ··umnC')' 10 1he enlerpriw Exch•nse nue mechanism 
l'1:pons --·-- HCIOr 1hrou1h 

Global quc11a Average Unified fixed 
Dn-ect S1a1e General USC or ('1:pon Diren S1a1c General use or sys1em ror 1uirf lnlemal Re1en11on CumnC')' exch•nsc n1e apinsl 

Counuy 1n1erwnuon qllOW/lic'CnC"CS lax in1crwn1ion quo1as/licenC"CS consumer gl)ocb {pcR'en1age) convcnibili1y quo1a sys1em aur11ons rain 1 baskcl Other 

·--
Luh..ania Yes Yes No, No No ' Yes Yes No foloa11n1 

excepl sensitive gooda 
(national wcuri1y, health) 

Poland So No No No No, No 18.4 Since No No Since No Crawling 
cxcep1 for gasoline, January 1990 Januuy l'J90 pc& 
alcoholic beverages, 
1obacro and dairy 

produc1S 

Romuia !"o No, No No Yes 17.8 Declared in Yes Yu Since No l~oalln& since 
bul cxpon or NOYCmbcr 1991 but July 1992 Junr. 1992 

buner, meal, c1c. 1uspcndcd in 
il prohibiled May 1992 

Russian Federation Yes Yes Yes No No No, 15.0 No Yu Yu :-;o No 1'11>o11in1 
and rouble zone cxccp1 medicine1. 

pcsucides, e'IC. 

Slownill No No No, No No Yes, 10.~ Since No Yes, Yu No 1'1oa1in1wi1h the 
exc-epl on raw for apicullural Oc1ober 1991 wi1h hmi1a1ion1 dcuUthe mark 

materials produc11, 1u1ilca. as reference 
clo1hin1 

sowns: Sa1oonal newspaper l'CJIDMS and GATI, IMF and OECU databases, as l'CpDMed in Economic Commiuion for E.uropc, Economic Bull~IUI fm t:urofH, vol. 44 (New York, Uniled Na1ion1, 1993), 1ablu 2.1.4, 2.t.6 and 2.1.7. 
•' lntrodllt'Cd in July 1992. 
RI In JanUAl)I • Apnl 1992. 



Private fun:ign investment tlows tu the countric:-s of 
the fonner USSR h;1\·e virtually dric:d up due to the:- gc:-n
erally poor state of thc:-ir t:"Cnnomies. uncertainties n"gard
ing politil·J.! will and reforn policies {induding privati
zation and \1Wnersh1p law) and lack of IMF ··appro\·al ... 

In other rnuntrics of the region. particularly the C1ech 
Republic. Hungary. Poland and Slovenia. the situation 
regarding private foreign investment is mm:h more fa. 
VOU!"'Jble. Even in Ror11ania private foreign investment is 
growing r.ipidly. more than doubling in dollar tenns 
betwen 1990 and 199:! [ 191. 

A major complaint of all countries in the region is that 
export potential. for both manufactures. such as steel and 
chemicals. and agricult•1re products is being curtailc:d by 
import barriers imposer'. hy Western countries. especially 
EC. Negotiations are linder way to relax sohle restric
tions. 

4. lndus'r.al (in)effrciency 

Problems ;•! the pm::acal and mac.:mec.:onomic.: levels 
have been made difficuir to resolve partly by the poor 
state of public enterpr. .e·,, especially large industrial 
ones. throughout the re!·••k. The actual extent of enter
prise loss-making and ir.Llliciency first became apparent 
when the Treulumdan.rta!· the holding company funned 

to oversee the transition of husinc:-s'i in the Ea'itl'm part uf 
Gennany tu a marki.-t i.-~·,111omy. hl'gan adding up ri.-al 
assets and ne! re\·i.-nui.-s uf the companies pla~·ed under its 
control. An e4ually h;td. or i.-vi.-n ~-.lrsi.-. 'itu;1tiun has 
sinci.- ht."'('n found Ill prevail throughout Easti:-m Europe 
and the fonni.-r l "SSR. 

A relativdy simpli:- mi:-thud of mi.-<l'iuring economic 
efficiency is to nm1pari:- domestic resouR·i.-s usc:d up in 
production with the net benefit of output in tc:-nm of 
foreign exchange eljuivalent. If domestic resource co'its 
ex,:eed the output gain. the indicator of dornc:-stic re
source costs i" gr .. Jler than one:-. and the acti\·ity is inef
fo:ient {loso;-makingl lsee table 11.15).• Industrial policy 
should aim at reducing domestic resourl-e costs. espe
cially very high or negative ones (which may indi;.:ate 
"white eli.-phants'" beyond refom1 and in need of imme
diate closure). 

Table 11.15 shows Sl'CtorJI domestic resource cost~. 
based on input-output data for the late 191\0s. for Bul
garia. C1echoslovakia. Hungary. Poland and the fonner 
USSR. Negative domestic resource costs. which indicate 

•Tu.,. 1wo mo'lt 1mpnnan1 fe:tlul'l."S of lh<' mc."lh<1tl arc." lhal rraikahl<" 
g•Mlth "'" \alu.,J al '""rtJ-matk<"I ra11k-r than 1.h,1ont"•lt Jom•"""' 
!'"""'·and inJ1n-.:t a' wdl a' dm:cl mpul' arc." indu<k<l iu'lng an mput-
1>utpu1 1aflle1. Th<' lll<'lhoJ. wt.ich '' a slalic .:n,1-hl"ndi1 pro.:nlur<'. is 
J1<e11'.....0 m lfuglk-s anJ Hare." (20(. 

Table II. ;5. Domestic n:sourrc C'05l5 by industry for Central and !!astern l!umpc, late 1980s 
(Rascd on ,·aluc adllcJ al J<'mn11< i'"'""') 

Meat. fish ''ld dairy products 
Fruil an<i vegetable products 
Oils and Cat~ 
Cereal pr<.. 1·.-cts 
Sugar and c··nfectionery 
01her fOO<!srdfs 
Beverages 
Tobacco pr >ducts 
Textiles 
Clothing 
l.eather pro<.u~rs 
Footwear 
Wood products 
Wooden furniture 
Paper produu~ 
frinting 
Basic chemical' 
01hcr chemirats 
Rubber products 
Plastic prod111·ts 
Pottery and d11nawear 
Glass and glu~ware 
C..cment 
Structural clay p;oducts 
Other non-metallic 
mineral products 

Ferrous metallurgy 
Non· ferrous mc1 a llurgy 
Fabricated metal products 
Machinery 
F.lccrrical cquipm~nt 
Transport equipment 
Professional and 
scientific goods 

Other manufacture~ 

llulgarn1 C1cchn•lovo1k1.1 lluni:,ary !'.>land 

2.06 
-3.07 

1.15 

2.36 
3.21 
3.88 
4.37 

3.92 
4.34 
3.93 
1.01 
1.38 
2.04 

2.63 
-6.38 

2.41 

2.71 
1.75 
5.33 
2 54 

·0.60 

1.99 
o::s 
0.91 
2.97 
2.64 
1.58 
8.54 

: .. 15 
9.M 

·0.56 
-2.'12 
·0.77 

-10.0-1 

·4.83 
30.53 
·3.91 
-0.83 
3 9(, 

1.37 
• 31. 74 

1.12 
1.30 

17.24 
1.10 
2.49 
1.97 

12.32 
1.15 
0.811 
0.97 
0.97 
2 49 

1.86 

2 07 

1.23 
0 7'I 
1.89 
0.93 
4.7r. 
0. 'l'I 

1.33 
0.99 

·(1.!h 

·0.57 
-1.17 

1.21 
5.03 

2.53 
l.M 
2.07 

0.711 
O.M 

0.54 
0.90 
7.20 
116 
1.-16 
1.73 
I 11 
1.J7 
I 68 
2 01 

115 
0.76 

0.88 

I l'J 

'f>.!! 
7.98 

I 15 

I 15 
I 27 
1.27 

110 
I 25 

0.43 
7.68 
0.73 
2 4-1 

1 29 
0.3') 

1 14 
0.78 

I. L! 
1.29 
1.0') 

1.58 
1.08 
1.19 
1.22 
0.51 
l.t.3 
1.01 
1.06 
I 03 
l.!l'J 

I. l') 
l.].j 

I I 'J 

I Jf> 
I. I fJ 

I. 76 
1.07 

1.03 
1.1'1 

1.42 

O'll 

1.22 

Source: Oxford Rri.'iew of f:Con.7mv l'ol1cy. • ol 8, Sn. I ( I 'I'll) 

·I 06 

2 1>8 
·4 09 

-13.86 
·5.26 
·5 99 
:! .$! 

10 55 
-I 58 

I 22 

·l 05 
3 .. H 

lO 37 
145 

6.Ji' 
I 59 
0 77 

-19 92 

(, -15 
t) 511 

0 5.' 
• ~ :?il 

I) 6.J 
c -1-1 

I ~n 

.s ;o 
I '-1 
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an absolute loss lo the economy I because the value of 
output as mea.,.urt:'d in foreign eiu:hange equivalent after 
deducting foreign inputs is less than 1en>l are reported 
for Bulgaria (3 sectors). C1echoslovakia 18 sectors). 
Hungary <-' sectors) anJ the fonner USSR 0 sectors)_ 
These are p;irticularly worrying. but m;iny very high 
domestic resource costs are also reported for Bulgaria. 
C1echoslm·akia and the funner USSR. Only three do
;:1e~tic resource coo;ts abm·e 2.53 are shown for Hungary. 
Poland turns out to he least inelTicienl. with only one 
very high domestic resource cost. 

Poland ha-; only 6 sectors with domestic resource costs 
below I. about the same as C1echosltwakia <7). Hungary 
(6) and the forn1er USSR (5)_ How-:ver. Poland shows 
not or.!y less overall inefficiency and less sectoral vari
ability than the other countries. but also a difference in 
comparative advantage: 4 of its efficient sectors are in 
f1xxJ pmcessing and tobacco. whereas for the other coun
tries efficient sectors tend to be located in the areas of 
chemicals and metals. 

Although these domestic resource costs should not be 
taken "-" perfectly accurate. they illustrate the nature and 
degree of the problem of raising industrial efficiency in 
the region_• For most countries and sectors. future 
progress will depend critically on the extent lo which 
losses can be eliminated and economic efliciency and 
international competitiveness achieved. 

E. Latin America and the Caribbean 

I. Sh'lrt-run outlook 

The upswing in Latin America that began with an 
increase in GDP growth from 0.5 per cent in 1990 to 2.9 
per cent in 1991 lost a li1tle of its momentum in 1992 
when growth fell to 2.3 per cent. In a number of coun
tries lower growth was the result of policies to curb in
flation. On the basis of the IMF mid-year inflation esti
mates for 1993. Argentina will have reduced inflation 
from 171. 7 per cent in 1990 to 9.3 per cent in 1993, 
Chile from 21.8 to 11.9 per cent, and Mexico from 22.7 
to 8.0 per cent. Venc1.uela and Columbia were less suc
cessful. but have held inflation in the 30-per-cent range 
since 1990 1211. In Bra1.il inflation was brought down 
from nearly 3.000 per cent in 1990 to 413 per cent in 
1991, but then increased to just over 1,000 per cent in 
1992 and the IMF mid-year forecast for 1993 is that it 
will continue at about the same rate. 

Table 11.16 reflects the extent of the gap in manufac
turing perfonnance between the 1970s and 1980s in 
Latin America. Brat.ii and Venet.Uela provide the most 
striking contrasts. The manufacturing sector in Brat.ii 
grew at an 11.8 per cent annual rate in the 1970s and 
declined at a 2.7 per cent rate during the 1980s; after 
growing at 12.4 per cent per year during th~ 1970s, the 
manufacturing sector in Venezuela was able to manage 
growth of only 1.3 per cent per year in the 1980s. For the 
region as a whole there were very few manufacturing 
sectors where out;1ut increased by more than 2 per cent 
per year, and none averaged over 2.9 per cent over the 
decade. Since 1990 the situation has improved for the 

•Takin~ d1ffrrtncc• in quality into ccm"drration, the l>Rf'• arr rven 
wonr (M"e Hu~ht~ and llart (20]>. 
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region as a whole. with a\·erage annual growth of 2.2 per 
cent for all manufacturing. 

GDP gmwth in Latin America in 1993 is expected to 
be 3.1 per cent :md rise slightly to 3-5 per cent in 1994_ 
Regional MV A is expected to grow by 3.0 per cent and 
3.8 per cent in 1993 and 1994. respectively. The forecast 
199.l GDP and MVA growth rates. if achieved. would be 
higher than in any year since 1986. when GDP growth 
was 3.4 per cent and MV A growth was 5.0 per cent. One 
downward risk in this foreca.st may be the 3.0 per cent 
GDP growth forecast for Br.uil in 1994. With inflation 
continuing to exceed 1.000 per cent. the main question is 
how much it will cost Brazil in tem1s of economic 
growth in order to stabili1e the price level. This time 
macroeconomic st;ibili1.ation will be working together 
with considerable progress already made in privati1.a
tion, the rationali1ation of industrial and financial regu
lations, and trade liberaii1.ation. The new Government 
has announced the main outlines of a fresh start. Price 
freezes and shock treatment have been ruled out. The 
emphao;is will he on reducing the budget deficit and 
slowing the growth of the money supply. Whether a 
durable coalition can be formed with the legislature to 
support this programme is still open. but some successes 
have already been achieved in mea .. ures to increase gov
ernment revenues. 

For Mexico, another downward risk is the a'\sumption 
that NAfTA* will take effect on schedule. Implementa
tion of NAFT A is scheduled to begin on I January 1994, 
but there is a possibility that it will not make it through the 
United States Congress in time to meet that schedule. The 
possibility of delayed implementation may be causing 
some firms to delay or scale back investment projects 
geared to the trading arrangements that will prevail under 
NAFT A. Foreign direct investment in Mexico was down 
slightly in 1992 to SI0.2 billion from SI I.I billion in 
1991. Whether this reflected uncertainty concerning the 
priority that would be attached to NAFT A by the new 
United States Administration is difficult to say, but in any 
event it clearly did not have the same impact on Mexican 
investors, since overall investment increased by 13.9 per 
cent in 1992. up from 6.1 per cent in 1991. Delayed 
implementation of N AFT A would delay the surge in trade 
that is expected to accompany implementation. Some 
observers. writing in 1992, had predicted that imports 
would increase much more rapidly than exports in the 
initial few years of implementation, but as it turns out. 
already in 1992 exports increased by 8.2 per cent versus 
24.3 per cent for imports. As a result the trade deficit 
increased from $7.2 billion in 1991 to $15.9 billion in 
1992. It seems clear that whether NAFT A is implemented 
on schedule or not the trade gap, in percentage terms, will 
narrow in the next few years. The first quarter of 1993 
seems to indicate that this may happen sooner rather than 
later; exports were up 11.1 per cent over the first quarter 
of 1992, while imports were up 10.3 per f'.ent. 

2. l..nnger-term prospect.f 

While the short-run outlook for Latin America is for 
only mooerately increasing growth, it is realistic to be
lieve that long-term recovery has begun. The debt crisis 
has past, and the renewal of growth and access to inter-

•NAFTA i• d"c1med in mort de1a1I in the .ec!ion on North 
Amenca m 1ht pre.en! chapter. 



Tabte 11.16.. Grvwtta ntn of MVA ia bidirichal countrin a.di ia 21 indastrMs, 
1970-1"1, allll 1998 ~•try and i.lldastry sbns; Latin ABMrita and tlac Carillbcan 

( Perccn rage) 

Counrry or Average annual grow1h rares Share 1n 
industry (ISIC) IOlal M\'A!.' 

and total 1970-1980 1980-1990 1990-1992 1990 

A. Cowury twNkdDM-n 

Bruit 11.8 -2.7 -2.9 33.8 
Mniro 6.S 2.3 3.0 26.S 
Argen1ina 1.8 -4.7 iO.O 14A 
Venezuela 12.4 1.3 S.8 S.6 
Chile O.l 6.3 11.2 4.0 
Colombia 6.9 3.9 l.1 3.8 
Peru s.o -3.7 -0.l 3.3 
Cuba 0.2 2.2 -6.l 2.8 
Uruguay o.s l.S 4.2 l.O 
!'Jicaragua - l.2 o.s o.s 0.8 
Dominican Republic: 4.8 1.9 2.9 0.6 
Costa Rica S.l 2.6 4.7 0.4 
Bolivia 7.1 -2.6 4.2 0.4 
Ecuador 9.S -1.3 9.2 0.4 
Gua1emala S.1 1.9 2.4 0.4 
Jamaica -1.9 s.s l.9 0.3 
Paraguay 7.4 2.6 S.6 0.3 
El Salvador 2.S -2.7 s.o 0.3 
Panama S.2 -0.4 7.4 0.2 
Trinidad and Tobago 2.0 -6.3 10.7 0.2 
Honduras S.S 4.0 3.l 0.2 
Barbados 0.2 -0.2 -4.8 

8. fnt/usuy IJrrakJOIA/TI 

311 food S.2 -0.6 14.S 
313 Beverages S.8 0.3 3.2 4.7 
314 Tobacco manufactures 2.9 0.8 -0.3 2.8 
321 Textiles 3.7 -2.9 2.0 5.6 
322 Wearing apparel s.s -3.6 -2.2 2.4 
323 Leather and fur products 2.6 -2.3 1.4 0.7 
324 Footwear, excluding 

rubber or plastic 3.4 -2.6 -3.6 1.2 
331 Wood and cork products 6.9 -S.9 1.3 l.3 
332 furniture and filrlures 7.2 -4.6 -0.3 0.9 
341 Paper and paper products 1.S 2.6 3.1 
342 Printing and publishing 4.9 -0.S l.7 2.8 
351 Industrial c:hemic:als 8.S 1.2 4.4 .S.3 
3S2 Other chemical produc:u 6.3 1.0 l.S 6.4 
353 Petroleum refineries 7.4 ll.S 8.5 9.4 
3S4 Miscellaneous petroleum 

and c:oal products 15.S -2.4 2.1 0.8 
355 Rubber products 4.7 -0.1 2.1 1.6 
3S6 Plas1ic produc:rs n.e.c:. 10.1 -1.4 1.9 2.1 
361 Po11ery, china and earthenware 1.9 1.8 ?.9 0.7 
362 Glass and gla» products 6.7 -1.S 3.4 0.9 
369 Other non-metallic mineral 

products 7.2 -4.9 3.2 2.S 
371 Iron and steel 8.1 0.7 1.6 S.4 
372 Non-ferrous metals 4.0 J.6 3.9 2.8 
381 Metal products, 

excluding machinery 6.8 -2.9 3.8 3.9 
382 Non-electrical machinery 12.0 -4.2 ·4.S 4.7 
383 f:leclrical machinery 7.3 -0.(1 2.0 4.9 
384 Transport equipment 6.9 -2.0 2.6 6.S 
385 Professionml and scientific goods 14.0 2.8 6.1 0.7 
390 Other manufactures s.s 0.6 3.9 1.6 

Totatlll 6.4 ·I.I 2.2 100.0 

SouTCt: UNIDO lndullrial Sta1i11ie1 Database and UNIDO/ PPD/I PP /GJ,0. 
Nott: In computing regional MVA growth rates, 1ec1oral MVA for each country i1 valued in national 

currency 11 199'J prices and then aggregated to regional 101als al 1990 Unilcd Srarcs dollar exchange 
rates. 

al Total MVA for the: region in 1990 wu S216,69S million. 
Ill for holh coun1ry and induury breakdown. 
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national 1.:apit;tl 111;1rke1s will gradually lighten the re
sidual hunlen of Jc.-ht over lhc.- ruur;l· of the dt:'\.·ade. :'liel 
capital llow' i11111 lht• region h;l\c.- become posili\·e and 
inl·rea.'l-d from S lti.J hillion in 19941 to S35.X hillion in 
1991. anJ further 10 S-U.1 hillinn in 1992 (221. Many of 
the.- rdonn programmes an.- wdl along. and. except for 
Br;11il. suhstantial progress h:1s h..-en made in reducing 
inflation. lme,lment a-. a -.hare of GDP rem;1ins loo low. 
hul then.- ;ire indil·ations th;11 this m;1y he improving. In 
l\kxini inwstmenl has ;mwn hy an a\erage of Ill per 
cenl per year sinl·l" 1'19<1 . ..:ompared with an aver.1ge 
yearl~ -'per ..:c.-nl Jl"dine durmg thl" l9Xlls. The pmsperls 
for Mexil·u ;L, a rc.-,nlt of NAFIA -.eem l"sperially prom
ising. For lhl" r..--.1 tlf Lalin Anwri..:a lhl" Enlerpfise for 1he 
Amc:rira.' lnitiali\e or accession to NAFI"A may he fe;1-
sihle. hut mon: nil1Cal is a su..:..:essful condusion of the 
trmguay mund of GA IT tariff ncgotialions. Geographi
l·al pnnimi1y still counts for a lot in international trade. 
anJ various regional 1r;1Je agn:emenls and a general low
l"ring of tralil" harriers among Latin American countries 
i' l"nconraging (see figure 11.6 and t;1hle 11.17). Finally. 
on·r the next two lo lhree years the experted gradual 
rl"cm·e1-y in !he glohal economy will help. 

While primary prndurto; are still an import export item, 
lhe main impetus for export growth is in !he manufac1ur
ing sector. Despite the vasl exp;msion in world tradl" in 
m;mufaclurl"s during the 191\0s. Latin America slighlly 
inaea~d ils share of thl" world Iola I from 1.5 1t1 I. 7 per 
cl"nt during the pl"riod (see l;1hll" 11.18). In lhe high-ll"ch
nnlogy intlu-.1ries. wherl" R and D costs lend 111 he ;1 

largc:r share of 101al pn1tl11ction cosls. Lalin America also 
increased ih share of lhe world market hl"rween 1980 
and I 9l-N. In lahlc: II.IX the high-le..:hnology industries 
arc: d1l"mi..:;ils. mt'lficinal and phannarl'uliral products. 
plastic m;1il"riab. nun-elc.-l·triral am! dl'drical machinery. 
lran'llOrt l'quipmcnl. and profe-;si:inal. sc:enlifo: and con
trolling in'.'>lnnnc:nrs. Lalin American pmd11t·l'rs have in
l"rl';hl'd thl"ir 'harl' of Wt irlJ l'xport' in five of lhl"se 
-;even industrie-;. Thc'e arl' abo lhl' industries lhal have 
.\hown lhl' 11111,1 rapid export growth in Latin Aml"rica 
over lhl" pasl 20 years. In lahk 11.19 il can sl'en that in 
Bratil and ~kxiro. whil·h lo).?l'lhl'r al-count for tJO per 
ccn! of lhl' L11in Aml"ri..:an 101;11. high ll·rhnology exports 
have Oel'n i.:rowing al •Ill averagl' annual rate of over 
20 pl'r cenl 'inn· 1970. In I lJlN higlHl"chnology l'Xports 
arr111mll'd for over half of lolal manufacturing exports in 
holh wunlrit·, t 5-t pc:r renl in Brat ii and 60 pl'r cent in 
~kxiro}. llowl'vcr. nl';irly all uf their inneasc: in the 
'harl' of lolal t'Xporh caml' during lhe 1970'. This is ;1(,0 
rl'lkl'lt•d 111 rahk 11.18. whil·h show' 1ha1 lhc g;1ins 
in world markl'I ,fl;ire'> Wl'rc much greall'r for all indus
lnc' durin,!! rlw I 1J70, than during rlw 19110~. and !his 
diffcrt·nre herween gain' •.luring lilt' l'J70s and 1980s 
wa' even more• pronoum.:t•d in Iii<: high-ll'rhnology 
111dus1ril's. In an an;ilysis of rnanufadurt•' t·xport'\, lhl' 
lnler-Americ<lrl l>cvdopmenr ltmk offer-. a numher of 
oh,ervaliom. on lhe ll""ons lo he lc:arru~d from rl'l·enl 
expl·rienn·s IHI. Somt• of rhc:se ohsl'f\alion' mighl he 
'II 111111;iri1ed as follows: 

I") h>r further dt·vel11p111en1 of high tt•l·hnology 
there is a need for more inve,lml'nl in human rc,ourrc 
devdoprm·nr induding tht• !raining of resl'ilfl'h sricnlists 
and l'rtgim•t•r,. Tahk• 11.20 '11mrnari1e' th1• rl''lllls of 
a rt•rcnl sludy of lhc lcdrnology rt·so1irn•, in some 
Nl<'s 1241: 
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(b) In labour-intensive industries the best pmspccts 
for Latin America are in leather. ft1tllwear. fertilizers an<l 
non-metallic minl'ral manufactures. The pmspecls are 
also gt1tld in such higher-technology area.'> 3.'i chemicals. 
iron and stel'I. and pla.'ilir materials. but an innea.'il'd 
degfl"l" of regional integrJtion to capture economies of 
scale will be an important factor affecting the success or 
the rc.-gion in these industries; 

( c I The role of foreign direl.."l investmenl and 
tr.msnalional corporntions in the high-technology inJus
trie'> will continue to be important. Individual countries 
will face rompelilinn fmm inside and outside the region 
in auracling international in,·eslment; 

td> Marketing is generally underdeveloped in the re
gion. and areas such a.'i increased pr1lduct differentiation 
in lenns of quality. design. location anJ brand names 
should he given more emphasis in order to increase the 
competitiveness of the pnlducts or the region; 

(I'} Trade policies should he neutral with respect lo 
pnlduclinn for the local market versus exports. Nol only 
do l'Xport suhsidic.-s lend lo misallocale resources. but a 
hahil of providing export subsidies. thmugh. for exam
pll'. an undervalued exchange rate, would probably pro
voke.' retaliation hy trade partners; 

U) Programmes lhal provide special export zones or 
in-bond operations, such as lhe Mexican maquilidora.f, 
may pmvide opportunities for other Latin American 
counlril"s. hul the henefils must ht" understood. The 
maquilidora programme provides ahoul 20 per cen! of 
lhe rnanufarluring export earnings of Mexico. hut prior 
10 the inlroduclion of trade and in\·eslmenl refom1s, it 
had heen almost entirely an enclave programme with 
very few local linkages or technology transfer and hu
man resource developrnenl opportunities; 

(g) Thl' successful ..:11tirdinalion of marrne..:onomic 
policies with trade policies is one of the most important 
challenges facing lhe Latin American countries. Among 
lhe counlril's thal have successfully combined the two 
are Chile. Colomhia. Costa Rica and Mexico; 

( h) Thl're is still a lot of mom for expansion of 
inll"rregional trade. and this could he achieved through 
furthl'r tariff reductions and the elimination of non-lariff 
lradl" harriers. 

An example of high-technology foreign direct invesl
llll'lll involving IHM and its Mexican subsidiary. IBM 
Me.\iro, is dcscrihed in a recent study 1251. IBM Mexico 
h;" announcl'd a 1i<i2 million inveslmenl plan aiml'd at 
upgrading manufacturing and marketing aclivilics. In 
rnnrrast lo IBM's retrenchment elsewhere in lhe world. 
irs Mexican operalion has hl"en adding employment al an 
annual ralc of 7 per rent for several years 10 meet the 
hurgl'cming demand for computer-related pro<lucls. 
whid1 has heen growing al ahtml 25 per cent per year. 
The IBM investment i~ experted also lo generate a set of 
posilive "spillovers" for Mexican semiconductor lechnol
o:::y rapahilily. The lechnology transfer component of 
lhis project may he summarized as follows: 

(a) f>cvrlopmenl of an inlcrnalional dislrihulion 
centre lo support export opcralions to over ~(} countries; 

(/I) A soflwarc centre lo disrrihule soflware lo Span
i~h-speaking Lalin America; 



Figure 11.6. Growth rates of GDP, MVA and manufacturing employment, 1987-1994, and industrial structural 
change, 1980-1994: Latin America and the Caribbean 
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Source: UNIOO database; est1mates and forecasts by UNIOOIPPO/IPPIGLO. 
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Table 11.17. ~uctiom in tariffs and quantitatin rntrictiuns in Latia . .\nwrica 

Tanrr rares 

Tu1ff rares in 1hc range or S 10 40 per cen1 

In 1990. 1ariff ralc~ for all 11cms cxccpl 
capi1at 1oods were reduced Crom IS 10 10 
per ccnl. and 1ariff rales (or capi1al goods 
were reduced Crom 10 lo S per ccnl 

The average 1anff ra 1c will be reduced from 
37 per cen1 in 1990 10 20 per cen1 by 1994 

L"niform 1anff rale of IS per cenl 

The 1radc·wcigh1ed average 1anff rare was 
reduced from 22 per ccn1 in 1988 10 10 per 
cenl in 1992 

Tariffs range from I 10 40 per cenl, cxcep1 
for some i1cms which arc subjecl 10 higher 
rares 

Tariff ranges are as follows: from 2 10 40 
per ccnl unlil 31 December 1990; from 4 to 
3S per cent until 31 December 1991; from 
S 10 20 per cenl af1er I January 1992 

Tariffs in 1he range of S 10 30 per cent H 

of 1991 

Tariffs range from zero to 20 per cent 

In Scp1cmbcr 1990. tariffs were reduced as 
Collow1: from up 10 S per ccn t to zero; from 
10·40 per cent to S per cent; from 40·60 per 
ccnl to 10 per cent. All orher rates were 
reduced 10 a maximum of 20 per cent 

In September 1990. tariffs were reduced sub· 
stantially and the 1ariff s1ruc1urc was 
s1mphficd. Tariff rares now arc IS, 25 and 
SO per cent, the rate for most items being 
25 per cent 

Most 1ariffs of above 10 per cent were 
reduced substantially in May 1990. The 
ma11mum tariff rate was reduced Crom 80 
to SO per cent 

Quan111a11vc r-:s1ric11ons 

Ehminat1on of 1mpor1 hccns1ng. cacep1 for ::!.S 11ems (certain paper 
products and mo1or veh1cll:s and par1s) 

Elimination of all import restrictions. c1cept 1hosc maintained 
for public heahh ud safety rcasc.ns 

The sus;icnsion or issuance of imporl licences afCce11ng 1.200 
11cms was discontinued and company 1mpor1 quotas were 
ehm1na1ed in June 1990 

Quanh1a11vc rcs1ric11ons arc proh1b1tcd by la• (l.cy Organiu 
Cons1itucional 181140) 

Ehminat1on or import proh1b11ions; gradual ehmtnat1on oC 
discretionary licensing. The percentage oC i1cms under •utomatic 
licence increased Crom 30 per cent in 1989 to 96.7 per cent 1n 1990. 
A surtax or 18 per cent was reduced to 13 per cent in !'ovcmbcr 
1990 

Elimination of addi1ional import taxes and surcharges cxcccJ1ng 
the bound tariff rates; gradual elimination, or apphcation 
in accordance with GAIT rules. o( imporl licences within four years 

Gradual elimination or import licences starting in mid· 198S. 
Import licences were required m 1990 for some 330 items. or 3 per 
ccn1 of the total number of tariCC 11ems. Decrees signed an 
December 1989 allowed for the 1mpor1aiion oC automobiln, 
allhough imports in 1991 and 1992 were rcslnctcd ro IS per cen1 of 
the domcsric markets. Also, in 1989 local content requaremen1s 
were lowered 

lmpori prohibitions imposed for balance of payments reasons 
and olher non·tartCf measures such as licensing were lifted an 1990 

Elimination of quanti1ativc restrictions (S per nnt of the 
tariCC items arc 11ill proh1b11ed and S per cent arc 11ill 
subicct to hccnsing) 

.'io11ru: Inter· American l>cvclopmcni Dank. Ec(lnomic and Social Progr~n in Lalin Ammca, 199! Rrporr (V.' ash1ngton, D.C., Johnl lloplun1 
University Prus. 1992), p. 248. 
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Table II.Ill. Top 20 man•f.m.rini nports of I.Mi• Ainrica!-' 

l.a1in Amcrica·s 
Export Share of world market share 
•·aluc total 

lnduslry in l'J89 in 1989 1970 1980 1989 
(million dollars) (perccnlagc) (percentage) 

"ion ·clcclrical machinery 5 8-t2 19.2 0.5 I.I 1.6 
Transport equipment 5 381 17.7 0.2 1.2 1.6 
Chemical clements and compounds 2 526 8.3 1.6 3.5 3.0 
Iron and steel 2 376 7.8 1.2 1.8 2.1 
Electrical machinery. apparalus and appliances I 972 6.5 0.5 0.7 0.9 
Textile yarn. fabrics and related products I 52-t 5.0 1.0 2.4 2.0 
Footwear I 382 4.6 0.9 4.4 7.5 
:-:on· metallic mineral manufactures I 156 3.8 1.3 1.4 2.1 
Plastic materials. regenerated cellulose etc. I 085 3.6 0.2 0.6 2.0 
Clothing I Of10 3.5 0.7 1.9 1.4 
Paper. paperboard and manufactures I 027 3.4 0.5 1.2 2.0 
Leather and leather manufactures 'J'J3 3.3 6.3 10.3 10.3 
Manufactures of metal. n.c.s. 'Jl5 3.0 0.8 1.3 1.8 
Miscellaneous manufactured goods. n.c.s. 882 2.7 1.0 1.2 0.7 
Professional. scientific and controlling instruments 556 1.8 0.2 0.5 0.7 
Chemical materials and products. n.c.s. SOI 1.6 1.2 2.1 I 8 
Rubber manufactures 448 1.5 0.8 1.3 22 
Wood and cork manufactures 305 1.0 2.6 3.4 2.2 
Dyeing. tanning. and colouring materials 262 0.9 1.6 1.6 1.6 
Medicinal and pharmaceutical products 243 0.8 2.4 2.0 0.8 

TOTAi. 30 374 100.0 0.8 1.5 1.7 

Source: Division of the L'nitcd Sat ions Secretariat. CO!VITR:\DE database. as reported in Inter-American Development 
Rank. Economic and Social Progress in I.Olin Amnica, 1992 Repon (Washington. D.C.. Johns Hopkins L'nivcrsity Press. 
1992). p. 219. 
!/ The figures arc for the 11 countries for which 1989 dala arc available. and ~1hich would account for over 90 p·r cent 

of 1hc manufacluring exports of lhc region. The counlrics arc Argentina. Rarbados. Rraiil. Colombia. Ecuador. 
llonduras. Vlcxico. Panama. Paraguay. Trinidad and Tobago and L'ruguay. 

Table 11.19. l..atin American exports of hljth-ttthllflloatl' produds 

lligh·tcchnology exports 
Share or high-technology exports in 

Regional total manufacturing exports Growth rare or high-
Value sho:rc technology exports 

in 19R9 in 1989 1970 1980 1989 1970-1989 
Country (million dollars) (percentage) ( percen tagc) (perccn1age) 

Rrazil 8 700 49.4 33 53 54 23.7 
Mcx1m 7 090 40.2 51 60 (10 20.3 
Argentina I 212 6.fs 41 43 28 10.4 
Trinidad and Tobago 238 13 37 49 43 17.2 
Colombia 208 I.I 23 19 13 12.1 
L'ruguay 81 0.4 s 15 12 J 'J. I 
Holivia 311 0.2 90 37 88 -5.7 
Ecuador 14 40 36 21 9.5 
Paraguay ? 9 13 I 
Panama 9 54 6 14 10.l 
Bonduras s 8 4 (i f1.? 

TOTAi. 17 603 100.0 39 49 so 19.R 

Sourer: Divi"on of rhe t:n1ted Sa lions Sccre1aria1. C:O!VITHAl>E da1abuc. as reporled in ln1cr·Ameriran Development Rank. 
fronom1< r1nd Soe1nl Pr.1~e.1.r in /.otin America, 1992 Repon (Washington. l>.C.. Johns Hopkins l.:niversi1y Prcu, 1992), p. 213. 

Nott: l11gh· 1cchnology cxporu include lhe following goods classified al lhe 1wo·digi1 level of lhe S1;,ndard lnternalional Trade 
Class1f1ca1ion (~'.'TC), Rev15ion I: ch< m1cals (SI). medirindl and pharmaceutical products (S4 ), plut ics (Sii), non ·electrical 
machinery (71 ). elcc1rical machinery (72), 1ran~por1 equipment (73) and profeuional, 5cienlific anci controlling insm•mcnu (llf1). 
1.a11n l\mcr1ca 1s defined here 10 include lhe 11 counlries for ..,h1ch data were availahle 1r : •n 
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Table 11.20. ladicaton 111 aatil:ieal tecl111o1o&ical aipabililJ iD lldectcd NJC. 

Republic T•iwan lion& 
o( Korea Province Kon& Sin&apore Brazil Muia. India Tbailand 

A. Stn1erurr Olld pa/omtanCt 

MVA in billion dollars (198.S) 24 . .S 22.2 6.7 4.3 .SB.I 43.6 3.S.6 7.7 
Manuracturin& 1row1h 

196.S· 1980 18.7 16.4 17.0 13.3 9.6 7.4 4.3 10.9 
1980·1986 9.8 12.9 7.0 2.2 1.2 1.2 .S.2 

Manuractured ca ports in billion dollars ( 1986) 31.9 J.S.9 32.6 14.7 9.1 4.9 7.2 3.9 
G'O•th o( merchandiK uports 

1'16.S· 1980 27.3 19.0 9 . .S 4.7 9.4 7.7 3.7 8 . .S 
1980·1986 13.1 12.7 10.7 6.1 4.3 7.7 3.8 9.2 

Gross domc:suc investment ~s 
pcrccnta&e o( GDP (1986) 29 19 23 40 21 21 23 21 

Capital &oods produc:tion as pcrccnta&e 
ol total manuracturin& (198.S) 23 24 21 49 24 14 26 13 

Capital &oods imports in billion dollars ( 198.S) 10.6 .S.6 7.1 8.1 2.2 6.1 3.7 2.7 
As pcrcenta&e or MV A 41.3 2.S.2 106.0 188.4 3.8 14.0 10.4 3S.1 

Stock or forei&n direct investment 
in billion dollars (1984· 1986) 2.8 8.S 6.0·8.0 9.4 28.8 19.3 l.S 4.0·S.O 

Foreign direct investment stock as 
pcrcenta&e GDP 2.8 8.1 20-26 SJ.8 9.6 13.6 0.7 10.S· 13.I 

8. F.ducarion 

Education expenditure as percentage 
or household consumption ( 1980-198S) 6 s 12 s s 4 6 

Pubhc upcnditure percentage or GSP 4.9 S.l 12 4 s 6 s 
Year 198S 1986 1987 1980 1984 198S l?BS 1984 

Central government expenditure on 
education, pcrcentag< or total 
government expenditure ( 1986) 18.1 20.4 21.6 3.0 11.S 2.1 19.S 

Percentage or age group enrolled (1911S) 
Primary 96 100 lOS 11S 104 11S 92 91 
Secondary 94 91 69 71 3.S SS JS 30 
Temuy 32 13 13 12 11 16 9 20 

Vocational education enrolment (1984) 
Number or students (thousands) SIS 40S 32 9 1 481 8S4 398 288.0 

as percentage or population or 
working age 3.06 3.24 0.86 o . .s 1.83 2.0 0.07 0.96 

Sumbcr or tertiary-level s1udenrs 
In science and engineering fields (thousands) .S8S 207 36 22 SJ.S S~3 I 443 360 
As percentage or population 1.39 1.06 0.89 0.67 0.40 0.70 0.21 0.70 

Year 1987 1984 1984 1984 1983 1986 1980 198.S 
In engineering (thousands) 228 129 21 IS 16S 282 397 
As percentage or population O.S4 0.68 0.41 0.61 0.13 0.3.S 0.06 

C. Scimu Olld l«hnology 

Pa1cnrs 1ran1cd: tolal (1986), 3 741 10 61S S98 3843 2 005 2 500 
or which local percentage 69 56 8 9 9 20 

R and D percentage or CiSP 2.3 I. I o.s 0.7 0.6 0.9 0.3 
Year 1987 1986 1984 1982 1984 1984 198S 

R and D 1n productive sector 
(pcrcenla&e or GNP) l.S 0.7 0.2 0.2 0.2 0.2 

R and D r1nanced by produc11ve 
enterprises (percentage or GNP) 1.9 0.6 0.2 0.1 0.01 0.1 0.04 

Scicn11srs and engineers 1n R and D 
per m1lhon population I 283 I 426 960 2S6 217 132 ISO 

All scicn1111S and engineers 
·ro1al number (lhousands) 361.3 14.S.S 38.3 I 362 2 S6.S.6 1 000· I 000 20.3 
Per m1lhon popula11on 8 /06 26 4S9 IS 304 11 47.S 10 720 I 282·2 S64 472 
Year 1986 1986 1?80 1980 1970 198.S 197.S 

Souru: SanJ•Y• I.all, "Technological capab11it1es and 1nduflnahza1ion·, World Oft-tlopm,n/, vol. 30, No. 2 (1992), pp. 174· 17S. 
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(<") International purchasing programme lo assist lo
cal indusuy in developing products for IBM manufactur
ing facilities worldwide; 

(d) Partnership programmes with Mexican universi
ties and technical schools; 

(e) Scholarship programmes for Mexican scientists 
to study al IBM plants and laboratories worldwide. 

These activities in high-technology industries and lhc 
related spillovers wi1l have positive long-term impacts on 
factor productivity and industrial efficiency in the region, 
provided lhat macroeconomic policy is right. In this re
spect. policy makers in lhe region have gained insighl'i 

from lhe experienc.."C of the East Asian NICs. where Gov
ernments have b«n active in supporting private industrial 
enterprises by encouraging risk-laking for innov:llion, 
mastering new technology whclhcr imported or invested, 
and by investing in human resource development and 
institution-building. This approach differs greatly from 
the major features of government intervention in Latin 
America common only a decade earlitt, that is, cstabli<;h
menl of public enterprises for direct production and mar
k.cling. heavy pro(eclion from import compelilion, and the 
provision of subsidies to cover loss-making enterprises. 
Latin American Governments are now using privali7.ation 
as an effective policy tool (.sec box 11.2). 

Box 11.2. Privatization-a tool for industrialization for Latin America 

Most Latin American countries are instituting eco
nomic reforms to correct structural problems that have 
caused economic stagnation and price instability. 
Many are adopting policies to redefine fundamentally 
the role of the State, to divEtst public =apital through 
the sale of State enterprises, to promote freer, more 
efficient markets, and to install better regulatory poli
cies. These and other privatization issues have been 
analysed in case-studies on Chile, Mexico, Argentina 
and Colombia. 

A. Chile 

Chile has more experience with privatization and 
economic liberalization oolicies than any other Latin 
American country. In 1973, 596 public enterprises 
produced 39 per cent of GDP, a huge expansion from 
1965 when the public sector produced only 3 per cent 
of GDP. Between 1974 and 1989, 532 public enter
prises were returned to the private sector. Today, the 
State controls only the natural monopolies and com
panies of strategic importance, such as copper mining 
and processing. The study on Chile analyses six iarge 
State enterprises that were privatized: the Bank of 
Chile (privatized in two tranches, in 1974 and 1986), 
the State steel monopoly (Compaiiia de Acero del 
PaciflCO), the most important telecommunications and 
telephone company (Compaliia de T el6fonos de 
Chile), the main forestry products enterprise (Celulosa 
Arauco y Constituci6n), and the principal electricity 
company (ENDESA). 

Using a cost-benefit analysis approach the study 
concludes that the succ.ess of privatization depends on: 

(a) Sound macroeconomic policies and creation 
of a healthy business environment for privatized firms; 

(b) The means of ownership transfer (purchases 
of shares with workers' pension funds, debt to equity 
swaps, and outright sales of shares). 

Other lessons include the need for a transparent 
transfer of ownership to avoid corruption and other 
irregularities, and the need to prohibit credit sales 
even when equity purchases are not possible (be· 
cause national savings are insufficient). There are Ii· 
quidity and other constraints, because of the problems 
associated with highly leveraged buy-outs. 

8. Mexico, Argentina and Colombia 

The Mexican privatization programme is the second 
lonoest-running after that of Chile, and the second 

largest after the $20 billion programme of Brazil. The 
privatization strategy of Mexico has been an integral 
component of the macroeconomic stabilization pro
gramme of that country and a clear response to the 
debt crisis of 1982, as well as to the second shock, 
which culminated in 1986 when oil prices plunged to 
levels less than half those prevailing in 1985. As a 
result, real GDP contracted by nearly 4 per cent in 
1986, and inflation rose from 54 per cent in 1985 to 88 
per cent in 1986, and 136 per cent in 1987 (measured 
in wholesale prices). 

The government response to this second crisis was 
to transform the economy through massive structural 
reform. The divestiture programme-which had previ
ously concentrated on small, relatively insignificant 
firms-began to include large firms, eventually reach
ing some of the biggest public sector enterprises. In 
1982 the Government of Mexico had 1, 155 public en· 
terprises. Today it has fewer than 200. The accumu
lated sales revenue since 1984 from privatizatioo i.• 
$16 billion. 

The study on Mexico analyses the micro-economic 
and macroeconomic impacts of privatization in five 
large enterprises-Telefonos de P.1exico (TELMEX), 
lngenios Azucareros (sugar mills, including agricul
tural property), Compaiiia Minera de Cananea (a min
ing concern and a regional development project), 
T ereftalatos Mexicanos (a duopolistic chemical firm 
that produces fertilizers) and Compaliia Mexicana de 
Aviaci6n (an airline). 

The case-studies of Argentina reveal the impact of 
ownership change in the natural resource industries 
(oil and gas), and in the large natural monopolies. A 
primary objective of the Government of Argentina has 
been to obtain revenue quickly. Privatization has 
therefore been virtually devoid of changes in regula
tions or of modifications to market structure. The 
macroeconomic effects of the privatization pro· 
gramme of Argentina, assessed in the study, have 
been sign:ficant. 

In Colombia, the participation of the public sector in 
the economy is a mere 10 per cent, lower than in 
most other Latin American countriea. While privatiza· 
tion is less of a central issue in Colombia than in 
many others, a 1 O per cent share is still significant. 
The Colombian Government is currently crafting an 
overall policy on privatization, providing an opportunity 
for the Regional Research Network privatization stud· 
ies to serve as inputs for the final design of the policy. 
The study on Colombia examined the privatization of 

53 



Box 11.2. (continued) 
two automobile companies. a bank. garbage collec
tion services in two areas of Bogota. and a student 
scholarship programme. 

The main conclusions are as follows: 

{a) In general. pnvatizatton is most successful 
when combined with other economic and financial re
forms. In particular. measures to support free markets 
and promote greater efficiency as well as changes in 
regulations are important if private ownership is to be 
more efficient than government owneri.11ip; 

(b) The benefits from properly executed privatiza
tion are considerable. This is true not only as gauged 
by measurP.s of m1cro-econom1c welfare (allocative ef
ficiency. investment efficiency etc.). but also by the 
macroeconomic (fiscal and balance of payment) ben
efits. the latter being especially important in Mexico 
and Argentina; 

(c) Privatizing large companies. including natural 
monopolies. can be an efficient way of raising sub
stantial revenue for the Government in the short-run. 
and can play a key role in macroeconomic 
stabilization and adjustment; 

(d) Two major factors affect the outcomes of pri
vatization. One is the nature of the market into which 
the enterprise will be divested-for example. competi-

( >ng11111i-: rdorm' 111 I .;11111 :\mcri•a par;ilkl \\ h;1t hap
p<·ncd in L1,t-:h1;111 '.\f(', l>urin).! till' 1kl"a1k 111 1'170-
l'lXO_ tlw L1,t ;111d S1111tl1-l·.;"t ,\,i;111 r1·i-:11111 ad11ncd 
7.0'i p1·r n·nt .1111111;1l <·mploy1111·111 i.:r11\\ th aloni-: \\ ith -l 11'1 
Jll'r l"<'lll l;11lnur pr11d11cti\ity i:rn\\ th ;1111111ally. l.1kl·wi,<-. 
during tlw ,1c,·.11k 111 I 'IXO- 111110 11 ;1111111ally rl·,·nr1kd 
.\ .. "\I l"-'r ,-.-111 cmplnymcnt grim th ;111d .".OI p1·r l"t'nt 

live versus oligopolis!lc or monopollst1c. In competitive 
markets. and especially in the production of tradables. 
privatization can yield solid and rapid economic ben
efits to producers and consumers. Second are na
tional macroeconomic policies and conditions; 1n 
open. hberahzed economies_ the privatized enter
prises wil: generally yield greater benefits than 1n 
more dosed economies; 

(e) For enterprises producing non-tradable com
modi:1es in non-competitive markets (w1lh the studies 
examining such cases as Compania de Telefonos de 
Chile. TELMEX of Mexico and ENTEL and 
Yac1mientos Petroliferos F1scales in Argentina). regu
latory mechanism must be designed and put into 
place before d1veshture: 

(f) Consolidation of divestiture activity in a central
ized unit. which supervises :!>ales and serves as a 
conduit for potential buyers. can be effective; 

(g) A clear and transparent divestiture process 
with full information and orderly sequencing. including 
selling in tranches. is an important factor for success; 

The cooperation of labour 1s also important. and 
workers should therefore participate in the gains from 
divestiture. 

Source· Inter-American Development Bank_ Development 
Policy (Washington. D.C .. December 1992). pp 9-10 

f;1h••m producti\ Hy ).!ro\\ th. In •nntr;1,t. thl· L1t111 
:\mcri•an rt')!lllll ;1111111;1lly rt'l"1>nk1l -0.h.~ p<·r ,·cnt 
l'lllplnymt·nt p1mth ;md I .7'i l"-'r l"<'lll l.1hour pn11h1.-11-.-
1ty ).!ro\\lh durmi-: till' l'lXO-l•NO l"-'riod t,t·c tahlt· 11.~I 

l11r ;1 •ountry hrt·al..d• m 11 L :\ '11111 lar re• .. rd •ould h<· 
adllt'\l'd hy l..11111 r\mt·ri..:a \\Ith till' ri!!hl pnh,·1c' 111 lht• 
dt•(;1dt• aht·ad. 
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•·. Tropic-.d Africa 

Afler independence. most countries of Tropical Africa 
saw inJustriali1ation a_s the centre-pi~·e of their eco
nmnic development hopes and plans. Import suhstilution 
schemes were initiated. fo~:useJ on consumer goods. 
with the expe1.:lation that den~lopment of 111\:al inter
n~diate- anJ capital-gnoJs industries would follow. Pri
\·ate entrepreneurial. managerial and technical capacities. 
a.'> well a.'> capital a.'sets. were hardly available except in 
a few countries. Hence Governments. with foreign aid. 
tended to huild a few .. str.llegic... large-scale puhlic
sector enterprises; these were protected fmm import 
competition and largely relied on imported interrneJiate 
inputs and capital equipment. 

Initially. most of these manufacturing enterprises grew 
r.ither rapidly. hut by the mid- I IJ70s serious problems 
arose. Small loc;il m;irkets were not growing. ;ind pro
duction wa.' not competitive internationally. Foreign ex
ch;inge. for ,·;irious reasons internal and external. became 
increa.,ingly difficult to obtain. so that production h;ilts 
hec;ime common because of the lack of spare parts. im
ported intennediates or fuel-oil supplies. Management 
wa.' often not efficiency-oric:11led. and the o\·erall 
macroeconomic envir.mmenl was not conducive to in
dustrial expansion. The result was stagnation or decline 
in ,·irtuallv all manufacturing sectors (excepting beer. 
with growing hl\:al demand and often under control of 
one or the other of the major European breweries). In
dustrial parastatals. often operating with very low capac
ity utilization (rates of 20 per cent have not been uncom
mon), required l.irge government subsidits to remain 
open. 

By the early 19H0s. it became increasingly apparent 
that policy changes were essential. Pushed by the Wurl~ 
Bank and IMF and pulled hy comparison of their poor 
situation with the successes of the fAist-Asian Nies. 
African policy makers in country after country initiated 
radical. market-oriented refonns. Ironically. part of the 
industrial problem had hren that Gm·emmenl'i had ne
glected agriculture and. to rai\C revenue. impc1\Cd levels 
of effective taxation that gave fam1er'\ only a ·;mall share 
of the world price of their product..; output and exporh 
t!edined. resulting in foreign exchange con'itrainh and 
low rural demand for manufacture,, thus creating a \i
ciou' circle for indu·.try. A large part of the macro
economic reform policies aims at redres'iing thi" imhal
ance. And at the micro-economic le,·el. ineffo:ient p;1ra
stat;1I indu'itries are being reorganized. rehahilitatetl and 
pri\·atized (or do~J down in a few cases) in order 111 

improve efficiency. 

I. Short-run outlook 

The manufacturing o;e~·tor ir: m;my 1:ountrie" of the 
region remain" in dire 'trait" relative to other de\el,,pmg 
regions. hut the 'hon-term outl1Hlk i' g•Hxl in compari
son to a decade earlier. (il>P grew hy I .0 per cenl and 
O.!'\ per cent in I 99 I and 1992, well he low lhe pclpulation 
growth rale. The forecast for 199.' i' 2.0 per cent growth 
and for l'N4. 2.4 per cenl. MV A growth fell from 
J.6 per cent in I 990 to 0.2 per cent in I•)<)( and to 
II. I per cent in 1992. The 1992 average would ha\·e heen 
higher hut for negative growth in Zimhahwe, with the 

second lareest industrial \C\."tor (and most diversifie<l) in 
the region- after Nil:!eria (drought throughout snuthem 
Afri.:a affC'\.·teJ the result) Regional pmspe1.:ts are helter 
for 19cn C:!.7 per cent) and 199.t 13..l per cent) (see 
table LI). 

The share of Tmpica'i Africa in global manufacturing. 
0.3 per cent. is tiny ;ud not gmwing (see tahle 11.22). 
Also. the share of M\. A in GDP has gener.illy not been 
increa.sing. and MV ,\. gmwth ha.'i largely heen Jue to 
greater employment. rather than greater pmductivity (see 
figure 11.7 for GDP and MVA gmwth in recent years and 
also for the pattern of structural change in industry). 
Most manufacturing is fairly ba.'iic. with food produl·ts 
119.1 per cent of the 1990 total) and beverages ( 14.7 per 
cent) predominating (see table 11.22). In other industries. 
particularly those dominated hy large-"G1le parastata!s. 
capacity utilization and efficiency tenJ to be low (hut 
now imprm·ing). Macmeconomic pc11icy refonns. belier 
management and greater empha.o;is on dornestic-resource
ha.'il"d acti\·ities will help to imp;uve the short-tem1 pic
ture. hut the region. which includes most of the least 
devdoped countries. remains generally very weak in its 
manufacturing capahilities. 

Virtually all countries in the region are in the process 
of liberalizing their policy regimes. usually as part of the 
World Bank-IMF adjustment programmes (for a some
what unorthodox view of African industrial strategy. see 
hox IU). Positive results are being achie,·ed. albeit more 
slowly than was expected when the first policy refom1s 
(in Ghana. for example. starting in 19HJ) were initiated. 
Recently. "social suppon·· packages. providing a.'isist
ance to the unemployed etc .• have been appended to the 
refonn policies. 

2. 1..onger-lerm prt1.(pects 

Growth of manufacturing is. ohviously. con.,lrained hy 
lack of resources such as capital. foreign exchan)!e and 
technology. But abov~ all. the overriding con.,traint tn 
overcome is that of human capital-lack of h1gh-4uality 
managers. puhlic admini.,trators. techniciano; and skilled 
workero; in y.eneral. Unfonunately. human capital devel
opment take\ decade" not years. hut thi' will need to he.
the overriding long-tem1 priority of Ciovemments and 
'iUppc1rting in'ilituli1m ... holh h11:al and intemation;1l. ra ... t 
level" of 1mprowment are ~imply not g111xl enough. e\·en 
for the re~ion to keep frm:-i falling behind in a ,:lohal 
manufacturing ecor.omy that j, now dominated hy fa,t
i.:hanging technologie ... hy huge clrop" in the real i.:o't of 
ohtaining informal111n. and by hard managerial Jen.ion., 
that cut co'ih to the hone. 

E.ich country will need lo re-examine 11' par1in1l;1r 
relative o;lrenj!lh'i and weaknes<ie~. decide on "here 11 
mij!ht heo;I fit mto the new dynamin of glohal man:1fac-
111ring. and obtain 'upporl for 11'\ indu.,tn;1I "trate,:y from 
the intc.-rnatinnal ;1iJ ino;titutinn,, and perhapo; more 11n
ponan1ly from pri\·;1te foreign inve'\lor'\ willing to undc_r 
lake joint venlur;, Developmc.-nt of human l·ap1tal. in 

,lrder to beo;t u..e other re.,ource'\, mu'it he the primary 
ohj:ctive. not just for manufacturing. hut alo;o for soc:io
econonuc: progress in general. 

No country in the region. r .. 11 c.-ven Ni,:eria (see 
ho" 11.4 on Nigerian industrial problems), i~ hig and 
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Box 11.3. African industrialization strategy 

The disappointing performance of African econo
mies in the 1980s is well known. In sub-Saharan Af
rica as a whole. industrial production declined in real 
terms over the decade, and exports of manufactures 
from the region grew more slowly. even from a low 
base, than in other parts of the developing world (see 
table below)-

Comparison of sector growth rates In two 
country groups, 1980-1989 

(Percenllge average annual growth) 

Sub-Sahalan Low- and midde-
Sector Nrica ncotne economieS 

Agriculture 1.8 3-7 
Industry (1980-1989) ---0.2 5.3 
Manufacturing exports 

(1980-1986) 4.8 9_5 

The World Bank interpretation of this experience 
stresses internal policy errors (26J_ High on the list are 
government policies that led to market intervention 
and created serious biases, particularly against agri
culture (through low producer prices to farmers) and 
against exports (through import protection and over
valued exchange rates); excessive public industrial 
investment that crowded ou1 the private sector and left 
much of industry operating on non-commercial lines; 
and misguided import-substitution investments that 
relied heavily on imported inputs. and never achieved 
levels of capacity utilization that would allow costs to 
reach internationally competitive levels. In this view. 
negative external shocks~ike the declining terms of 
trade for primary exports in the 1980s-ere influen
tial. bu1 not critical, and policy reform to eradicate past 
errors. combined with generous concessionary aid 
flows. will tum the tide and allow industry in most 
countries to expand again. 

The key to recovery is seen as revival in ag~ulture 
combined with greater support for small- and medium
scale. as opposed to large-scale. industry. Small- and 
medium-scale enterprises are "the missing middle" 
providing a link between i,,..ported and local technol
ogy, and a breeding ground for the entrepreneurs 
needed to take the lead in private-sector industrial 
initiative. There are elements of this interpretation 
which must be accepted even by those critical of the 
role of international institutions in Africa. A large 
number of parastatal ente~prises and high barriers !o 
imports are clearly not sufficient for SOC1ahst develop
ment. and in many instances no doubt operated to 
reduce productive efficiency. However. the arguments 
about privatization and reductions in government in· 
terventK>n cannot be earned too far. In many countries 
the class base for mitjor pnvate·sector expansion re· 
mains weak. so that privatization can mean denation· 
alization with private investors bringing in more pow· 
erful foreign partners. Further. where the general eco
nomic environment is one of monopoly and trade pro
tection. a simple change of cwnership on its own will 
not stimulate greater efficiency. The case is much 
stronger for rationalizing. as opposed to abandoning 
government protection. For example, there can be 

strong reasons for removing the wide variance in ef
fective rates of protection through tariff reform. but this 
is not the same as advocating free trade. 

Old-style import substitution of import-; !!nsive 
consumer goods for the small. relatively high-income 
segment of the domestic market is now unlikely to find 
many supporters. and in most countries has been 
associated with high-cost activities. Howeve~. given 
the large share of industrial imports in total demand in 
many African economies. the scope for efficient im
port-substitution where domestic costs exceed world 
prices by no more than a margin justified by infant 
industry or extemality arguments remains significant. 
Encouragement of this type of industry should not be 
seen as an alternative to export promotion. Experi
ence in South-East Asia, for example, has shown that 
with a careful balance of incentives. export:> can 
emerge fairly quickly from initially protected import
substitu1ion activities (27)_ None the less, given the 
difficulties known to be associated with exporting, it 
cannot be realistically expected that the export market 
will provide a major share of future demand for African 
industry_ A focus on the home market as the initial 
base for expansion leads back to the link between 
agricultural and industrial growth_ 

It can be argued that one of the major errors of past 
industrial policy was to attempt to replicate domesti
cally production of too many goods of an international 
standard. Not all industrial goods need to be interna
tionally tradable. as low prices may undersell im
ports. while low quality prevents export;;. Such non
traded goods are likely to be produced by small- and 
medium-scale enterprises serving the low-income 
segment of the domestic market. Emphasis on this 
form of industrial production finds support from di· 
verse intellectual traditions. It is in the spirit of the 
socialist industrialization strategy for small economies. 
which argues that production should meet local needs 
based on local materials using local technology [28J_ 
In addition. ii is in line with the current World Bank 
emphasis on small· and medium-scale enterprises 
[26J. 

However. central to the success of such industries 
is the growth of the domestic market. First. the supply 
response to higher producer prices within agriculture 
may be critical. If becau!.e of various supply bottle
necks. or simply because of nor.nal crop gestatior. 
periods. higher output is not forthcoming, the rise in 
producer prices may not have a major impact on total 
agricultural incomes. Secondly. there is the impact ot 
higher agricultural and therefore food prices on the 
incomes of urban dwellers_ Rising food prices wlll 
lower urban real incomes. and thus reduce demand 
for manufactures_ t-'ow far this counter-effect of a 
shrinking urban market is significant wlll depend on 
the relative size of rural and urban markets for manu· 
factures. Thirdly, there is the question of the import 
content of demand from the rural sector. Clearly the 
higher this is. the weaker will be the demand effect on 
domestic industry from a rse in agrir,ulfural incomes. 
In general, rising agricultural prices and incomes ard 
expected to stimulate non traded industry in the re· 
gion. However. the speed of the process and the 
extent to which it counteracts other recessionary pres· 
sures in the economy will clearly vary. 



Box 11.3 

If internal demand expansion is slow and export 
prospects for manufacturing are poor, there is the 
danger that foreign grants and credits will go 
unutilized, as local firms will lack the confidence to 
borrow for sale to a depressed internal market A fully 
worked-out scheme for economic adjustment that 
notes the importance of internal demand, and rejects 
the reasoning of orthodox measures, still remains to 

(continued} 

be developed [29). However, the situation of industry 
in many economies in the region can be cited as 
evidence of the need to develop such an alternatiV6 
perspective. 

Source: John Weiss. "Perspectives on African induslriali
zalion", in African Development Perspectives Yearboolc 
1900'91. H. H. Bass and others, eds. (MUnster, Lit Verlag. 
1992). vol. II. 

Box 11.4. Falling industrial production in Nigeria 

By any yardstick Nigeria is under-industrialized. In 
a $30 billion market with a population of more than 90 
million people, manufacturing accounts for only 8.5 
per cent of GDP, well below the average for countries 
at this stage of the development cycle. 

Indeed, in the past 11 years MVA has grown at a 
mere 1.5 per cent annually, which means that. on a 
per capita basis, industrial production has been fall
ing. 

There can be few more classic examples in Africa 
of the failure of import substitution. The latest survey 
by the Mar.;.ifacturers' Association of Nigeria covering 
the first ~ialf of 1992 tells the story: capacity utilization 
of 34.5 per cent for manufacturing as a whole. lowest 
in vehicle assembly. steel, engineering and electron
ics, and highest in wood and furniture. textiles. plas
tics and rubber, food and non-metallic minerals. pri
marily cement. 

Over the past three survey periods, imported raw 
materials have averaged 55 per cent of the total. while 
MVA as a whole was estimated in 1989 at 46 per 
cent. compared with 92 per cent in the oil sector and 
83 per cent in agriculture. Aside from mainstream 
consumer goods. the main investment interest in re
cent years has focused on downstream oil and gas 
activities and textiles. 

In a high-inflation, high-devaluation economy. it is 
hardly surprising that entrepreneurs should have ta1-
geted trade and finance rather than manufacturing. 
Pre-tax returns on investment are highest in trading 
(up to 100 per cent). followed by construction (50 per 
cent) and the finance sector (30 per cent). 

Manufacturing autput In Nigeria, 1985-1992 

Year 

1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Souri:a Cenrral Bank of Nigeria. 

Index 

100 
78 

131 
135 
154 
215 
183 
231 

Five crucial constraints to industrialization in Ni· 
geria ha11e been identified. as foaows: 

(a) Poor profitability relative to trade. finance and 
construction; 

(b) Infrastructural and regulatory constraints. 
which mean that operating costs are up to a third 
higher in Nigeria than elsewhere. Investment costs 
are estimated to be some 50 per cent above interna
tional standards; 

(c) The high-risk climate of political and economic 
uncertainty that makes long-term planning extremely 
difficult; 

(d) The absence of an enabling environment in 
terms of macroeconomic stability. observance of legal 
contracts. inadequate patent law provisions, the high 
and escalating crime rate etc.; 

(e) Restrictions on ownership in the form of the 
Nigeria Enterprise Promotion Decrees (NEPD). 

There is no quick way out of this morass. though 
there are at least two administrative steps that the 
Government could usefully take. It could first amend 
the NEPD, thereby allowing foreign firms already in 
Nigeria to have majority ownership of their subsidiar
ies. and then abolish the exisling system whereby 
new investments must run the gauntlet of official ap
proval, setting up an investment promotion agency lo 
replace the existing approval machinery. 

The accelerated depreciation of the naira over the 
past year will boost local sourcing and exports. but 
there are still some hard policy choices to be made. 
The privatization agency's gloomy conclusion tha! the 
country's six vehicle assembly plants cannot be priva
tized because of low capacity utilization and deterio
rating commercial and financial performance under
scores the need for a new strategy towards capital
intensive low-value-added activities in which Nigeria 
has no competitive advantage. 

Yet the federal government has actually increased 
its investment in capital-intensive manufar.luring. 
through the recapitalization of Savannah Sugar and 
new investment in the Ajaokuta steel project. the alu
minium smelter. the fertilizer industry and Nigerian 
Machine Tools. 

One of the first tasks of a future civiliari administra
tion will be to develop a coherent industrial strategy, 
which in all probability will mean some short-term 
deindustnalltcshon as low-value-added. highly pro
tected activities are restructured or phased out. Indus
trial growth will have to come from labour-intensive. 
consumer-goods activities. as well as upstream and 
downstream petroleum- and gas-related manufac
turing. 

Source: "Nigeria survey", Financial Times. 1 April 1993. 
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Figure 11.7. Growth rates of GDP, MVA and manufacturing employment, 1987-1994, and industrial structural 
change, 1980-1994: Tropical Africa 
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Tllble 11.21. G....th ral~ ·I MVA ia u.dMiual rettDlriH aad ia Z1 iachlSlrics, 
1'71-1"2, 111111 lw.'I , ..... ..,. aad U.C:..stry shans: Tropital Africa 

(Percent.age) 

Country or indus1ry (ISIC) 
and total 

l'igeria 
Zimbabwe 
Cote d·lvoirc 
Zambia 
Kenya 
Ethiopia 
Cameroon 
Senegal 
Ghana 
Mauritius 
Gabon 
Swaziland 
Rwanda 
Burkina Faso 
Botswana 
Madagascar 
Malawi 
Mali 
Congo 
Togo 
Benin 
Zaire 
Burundi 
United Republic of Tanzania 
Lesotho 
Central African Republic 
Niger 
Somalia 
Cape Verde 
Gambia 

311 Food 
313 Beverages 
314 Tobacco manufactures 
321 Textiles 
322 Wearing apparel 
323 Leather and fur products 
324 Footwear, excluding 

rubber or plastic 
331 Wood and cork products 
332 Furniture and fixtures 
341 Paper and paper products 
342 Printing and publishing 
3SI Industrial chemicals 
352 Other chemical products 
3S3 Petroleum refineries 
3S4 Miscellaneous petroleum 

and coal products 
3SS Rubber producll 
3S6 Plastic products n.e.c. 

A. 

B. 

361 Pollery, china and earthenware 
362 Glass ind glass products 
369 Other non· metallic mineral 

products 
371 Iron and 11ccl 
372 Non·ferrou1 metal• 
381 Metal products, 

excluding machinery 

Averilr.e annual growth rates 

1970-19&0 1980-1990 1990-1992 

Country bttaf.J, -..71 

11.7 ·2.4 7.1 
6.4 s.o • 1.5 

6.2 · 1.2 ·0.2 
7.7 l.S ·6.7 
8.4 2.3 0.8 
6.8 4.0 ·2.9 
9.2 ·4.0 10.7 
0.1 6.8 ·0.2 

-3.4 8.1 S.2 
7.4 12.0 6.4 
6.4 -t.J 1.7 
6.8 7.4 0.9 

14.3 1.0 -5.8 
'.?.S 2.6 2.9 
9.5 12.3 6.S 
0.4 -0.S ·9.4 
8.2 ·I.I 2.6 
6.2 3.0 -0.3 

-3.S 0.7 o.s 
-4.S 3.3 -1.6 
-3.3 1.6 3.4 

-16.7 2.2 2.2 
4.2 5.0 3.1 
6.7 -s.o 3.3 
4.8 14.0 I 1.0 

·4.6 o.s 4.S 
7.0 ·0.2 1.0 
l.l -4.4 -1.0 

• l.2 IS 4 8.7 
10.3 0.2 2.S 

/ndunry br1takdov.m 

S. I 1.8 2.8 
S.5 2.6 0.1 
2.7 0.3 ·0.8 
4.2 -0.2 3.0 
2.4 .u 2.8 
9.2 4.4 3.1 

4.9 J_() ·0.8 
6.7 • 3.7 0.7 
8.6 -2.S 1.7 
8.3 3.2 s.s 
7.0 ·0.8 1.4 
4.S 1.8 -0.2 

10.7 2.1 1.7 
1.9 2.3 1.2 

9.1 • 1.2 ·:U 
2.4 t.J • 1.4 

18. l ·O.S 3.9 
7.1 3.3 -17.9 
?.9 • 1.9 1.7 

3.9 4.4 l.l 
9.6 2.4 o.s 
l.S 4.8 8.0 

6.1 0.1 0.4 

Share in 
loUI MVA!I 

1990 

20.0 
16.3 
10.I 
7.2 
6.4 
6.0 
S.8 
4.S 
4.3 
3.4 
t.8 
1.6 
1.6 
1.4 
I.0 
1.0 
0.9 
0.8 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
O.S 
0.3 
0.2 
0.2 
0.1 
0.1 

19.1 
14.7 
4.1 
9.0 
2.9 
1.0 

l.S 
2.4 
1.2 
2.4 
2.3 
2.3 
6.4 
4.8 

0 I 
1.2 
1.6 
0.2 
0.4 

4.0 
2.6 
1.6 

4.7 
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Table U.22 (COftlimuod) 

Average annual growth rates Share in 
total MVA!I Country or industry (ISIC) 

and total 1970-1980 1980-1990 1990-1992 1990 

382 Non-electrical machinery 8.8 0.6 3.9 LI 

383 Electrical n:achinery 9.7 O.S 3.2 1.8 
384 Transport equipment 18.7 -3.6 4.9 s.s 
3U Proressional and scientific goods IS.S 10.8 4.6 0.1 
390 Other manufactures 6.6 -0.3 0.? 1.0 

Tota~ 6.2 I.I 1.9 100.0 

Soun:~: L':\"100 Industrial Statistics Database and L":'llIDO/PPD/IPP/GLO. 
Not~: In computing regional MVA growth rates, sectoral MVA ror each country is valued in 

national currency at 1990 prices and then aggregated to regional totals at 1990 t:nited States dollar 
exchange rates. 

!I Total MVA for the region in 1990 was $14.268 million. 
!ll For both country and industry breakdown. 

strong enough to attempt to produce everything. (In this 
connection. India's lack of success until rcceatly should 
be compared with the successes of the small East-Asian 
NICs.) Each will need lo find its niche based on dynamic 
comparative advantage. In this connection good govern
ment administration has a useful role to play. The pro
motion of garment exports by the Government of Mau
ritius is an example of policy designed to fill a niche. 
Priority must also be given to human capital. in particu
lar technical education, management and public adminis
tration. 

To attract foreign investment. improvement in physi
cal infrastructure (telecommunications, electricity, roads 
etc.) will be needed. The World Bank i-; funding many 
such development projects, and these must be encour
aged. By such means, for example, a gam1ent exporter 
operating under a joint venture between firms in Ghana 
and the Republic of Korea can keep up to date with the 
wishes of the United States market and supply the type 
and quality of product required in a timely manner. Es
pecially for the many land-locked countries of the re
gion, transport costs to and from the major developed
country markets remain very high. 

Many of the large-scale parastatal manufacturing 
finns. sometimes using 30-to-40-year-old second-hand 
machinery imported from Eastern Europe, are being re
hahililaled and some privati1ed. But much greater em
phasis and encouragement nc:eds to be given to small
scale firms, which have heen neglected. These have great 
potential for meeling local con'i:.Jmer demand at reason
able prices, and for providing employment, training and 
development of managerial and technical skills. 

Much more also needs to be done regarding the devel
opment of agro-industrial linkages, holil backw.ud and 
forward. Agricul1ure will remain lhe key economic sec
tor for most countries of the region for al least the rest 
of the 1990s, providing employment and exports. Small· 
scale rural i11dus1rics can both provide an important 
"multiplier effect" for agriculture and thrive on its 
growth. Especially for the smaller. po~rer land-locked 
countries of the region, such manufacturing activities 
could provide the best hope for industrial development in 
the 1990s. 
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G. North Africa and W~-tem Asia 

In North Africa GDP growth is expected to rise 
slightly. from l .3 per cent in 1992 to 1.4 per cent in 1993 
:>.ad 2.9 per cent in 1994. C.JJP growth in Western Asia 
reached 6.4 per cent in 1992. but for 1993 and 1994 
growth of 5.2 and 4.4 per cent, respectively. is expected 
(sec table I. I). The 1993 slow-down in growth is largely 
a reflection of lower growth in the Islamic Republic of 
Iran (sec figure 11.8 for GDP and MV A growth in recent 
years and also for the pattern of structural change in 
industry). 

For the countries of the Gulf Cooperation Council 
(GCC). growth will continue al a modest pace, basically 
influenced by production and price levels of crude oil 
determined by the world market. Growth will also be 
determined by the pace of reconstruction of primarily oil 
facilities and physical infra'ltructure in Kuwait and Iraq; 
in the case of the former. crude production has already 
reached the pre-war level. Accelerated business activity 
resulting from the Persian Gulf war and its aftermath will 
slow down in the next few years. but non-oil economic 
activities will continue lo be greatly influenced by gov
ernment spending on defence and reconstruction. De
fence expenditures have been estimated for the Middle 
East at $35 hillion for actual and planned expenditure of 
weapons since the outbreak of the Persian Gulf crisis. 

In countries with diversified economies Cnon-oil
based), Governments will continue to pursue tight fiscal 
and monetary policies. and there will be a need for in
creased concessionary finance and aid. mainly provided 
by '.he Persian Gulf States, to complete infrastructural 
and public industrial plans. Price stabili1.ation will con
tinue t.l he top priorily in govern111~nt policy. since high 
inOation not only obslructs economic planning and de
velopment, hut represents a seriou!> source of popular 
discontent. 

I. Manu/ acturing outlook 

Regional MV A growth averaged 4. 7 per cent from 
1990 to 1992, with the highest growth (16.1 per cent) in 
the miscellaneous petroleum and coal producrs industry. 
In the two largest manufacturing countries, the Islamic 



Figure 11.8. Growth rates of GDP, MVA and manufacturing employment, 1987-1994, and industrial structural 
change, 1980-1994: North Africa and Western Asia 
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Republic of Iran and Turkey (accounting for two thirds 
of regional MV A in l 'N<)). MV A gmwth wa.'I 5.6 and 4.5 
per Cl"nt. respectively (see table 11.23). MVA gmwth in 
North Africa is expected to decline slightly from 4.1 (ll"r 
cent in 1992 to 3.5 per cent in 1993. largely a." a result 
of the decline in Algeria. In Western Asia. gmwth will 
also decline from 7.6 per cent in 1992 to 6.7 per cent in 
1993 and 6.4 per cent in 1994. 

In the diversified economies. the revival of manufac
turing activities will depend on the efficient implementa
tion of viable economic refom1 programmes. the ability 
of the l·ountries concerned to secure sustained new ex
port markets for their manufacturing prooucts and a good 
perfonnance in the agricultural sector. The trend in these 
countries seems to be to allow private sector companies 
more autonomy and management responsibility. In this 
context. Governments will continue to gradually intro
duce trade liberalization measures. Training programmes 
for public sector managers have been initiated as part of 
the effort to transfonn the management of public enter
prises to a more commercial basis. 

Perhaps the most serious constraint on economic de
velopment in the region is human resources and large 
imbalances in lahour supply a1!10ng countries of the re
gion. Enpt and Turkey. for example. have labour sur
pluses. whereas GCT countries and the Lihyan Arab 
Jamahiriya have serious labour shortages (compounded 
hy the unwillingness of most men. hecause of their oil 
wealth. to accept low-paid blue-collar jobs. and by the 
fact that women are not expected to work outside the 
home). Additionally. the oil-rich economies suffer from 
the so-called Dutch disease (characterized by oil dollars 
driving up all prices and costs so that other activities 
appear to be unprofitable). Such conditions. combined 
with the human resource problem. makes industrial di
versification difficult. even though investment funds are 
not lacking. 

2. Search for new export markets 

With a small home market in most countries of the 
region. except for Egypt. Islamic Republic of Iran and 
Turkey, increa!;ed efforts need In he exerted towards the 
creation of new export markets for manufactured pro
ducts. particularly since trade with Eastern Europe and 
the funner USSR has collapsed. Arab trade with coun
tries of the fonner CMEA averaged $H billion to $I 0 
billion per year during most of the 191\0s, and the trade 
surplus amounted to more than $2 billion in 1990 in 
favour of the Arah countries. 

Changes taking place in the new Slates arising from 
the breakup of the former USSR have forced it' fnnner 
trading partners in the region 10 adjust their policies and 
trading pallern,, and tremendous opportunitie' for trade 
have opened up with the "'uthem Stale' adjacent 10 the 
"1am1c Republic of Iran and Turkl"y. The ~·nunrrie' of 
the region 1110 .. t affected hy lo'I markl"ls wt"re Iraq. Syr· 
i;111 Arah Republic and. In a les.,er l"lllenl. Jordan. hut the 
impact will he fell more hy exporters in the Syri;m Arab 
Republic. The latler wa,, in rnuhll" term,, the leading 
exporter in Western A.,ia to the former USSR from llJHIJ 
to 1991. Puhlit' anJ private exporters in the Syrian Arah 
Repuhlic had aJ_1us1eJ lo e)l;porting low-q11.1liry goods lo 
the former !ISSR. New market prmpccls lie in renegoti
ating trade relations. e,pc,ially with the R1Mian FcJera-
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lion and the southern States. ln this regard. Egypt ha.' 
been quick to act. reaching an agreement with the Rus
sian Feder.ition that re'>pects all contr.icts signt.-d with the 
fom1er USSR except financing accords. Instead. project'> 
involving companies of the Russian f-eder.1.tion will now 
he financed mainly by barter. A'> the Russian Federation 
needs quick nmunodity-ba.'ied repayments and financial 
resoun.--cs. a ca.'ih-and-barter appn~ch is adopted in pm
moting its trade. It ha.o; reached agreements with Egypt. 
Jordan and Syrian Arah Republic. which export manu
facturing goods such as pharmaceuticals. soaps. cosmet
ics. fertili1.ers. minerals and other consumer com
modities. 

3. lnvestmenl and the offset programmes 

The GCC countries are looking to their trading part
ners to help them in the process of economic di\'crsifica
tion by participation in joint ventures in the region and 
becoming. in effect. the region·s industrial partners. In 
their drive to di\'ersify decisively away from dependence 
on oil and g1s production. and having alreaJy evaluated 
do1.ens of major manufacturing schemes. the Persian 
Gulf States are now basically seeking foreign partners to 
achieve their aims through the acquisition of additional 
capital, technology. management services and guaranteed 
export markets. 

The offset investment programmes were introduced in 
most GCC countries to ensure that GCC member States 
would benefit more substantially from the large. mainly 
defence-related contracfo; awarded to foreign suppliers 
and contractors. These foreign counterparts are expected 
to offset the cost lo the local Government by investing. 
as in the case of Saudi Arahia. 35 per cent of the contract 
value in industrial joint ventures in the domestic market. 
In Saudi Arabia. joint ventures under its offset pro
gramme are expected lo generate more than $4 billion in 
new industrial projects hy the end of the 1990s. Confu
sion arising from the lack of clarity of measures reg:ud
ing foreign investment will have to he resolved. llow 
these programmes will be reconciled with the major de
fence equipment orders needs to he darified. 

Nevertheless. the pace of new investment under the 
pmgramme has generally been slow. In Saudi Arahia. 
identified areas of investment under the various offset 
programmes invol\·e preliminary space technology ven
tures for o;atellite communications, a mohile digi1:1l-1ele
phone assembly plant, a packet-switching pl:mt for pri
vate and public application,, a software development 
company for management, logi,lil·s and sernrily applii:a· 
rinn'> and an automotive hallery plant. Other idenlllied 
and proposed projects under the 'ame programme' in
volve gold-refining. a polalo-pnM.'e'>'ing plant, alkyd re\· 
in~. a sled sheet plant. high tcl:hnology Jefem.:c-relaled 
projects, primary metals and fahrii:alion. huihhng mate
rials. plastic and chemi~·al pnKlucl'i, pharmaceuli.:al and 
drng packaging. aluminium rnnramer .. and the e\lahli,h
menl of new c11n'il11ner inJu .. 1ries. 

4. l..iberaliZJJlitm 

CiCC countries. 'ceking tu expand manufacruring ac· 
rivirie,, continue their allempl., to liherali1.e their ei:ono· 
mic' :ind eliminate some of the structural weaknesses 
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(Percentage) 

Average annual growth rates Share in 
Country or industry (ISIC) total MVA!I 
and total 1970-1980 1980-1990 1990-1992 1990 

A- Cowury bnakdowrt 

Iran, Islamic Republic of S.l 2.4 S.6 41.4 
Turkey 6.9 7.8 4.S 26.9 
Algeria 6.3 3.8 -2.8 S.3 
Saudi Arabia 7.9 9.0 10.S s.o 
Egypt 6.3 6.0 3.2 4.7 
Iraq 4.3 4.6 -s.s 3.S 
Morocco S.2 8.4 6.7 3.0 
Kuwait 16.2 L8 3.1 2.4 
Syrian Arab Republic 9.3 -2-4 8.0 1.7 
Tunisia 11-9 S-5 6.7 l.S 
Sudan -1.3 2.3 6.0 1-2 
Libyan Arab Jamahiriya 6.2 S.3 7.6 u 
Cyprus 10.3 4.6 3.S 0.7 
United Arab Emirates s.s 2.7 7.7 0.6 
Jordan 12.8 4_7 3.4 o.s 
Yemen!!/ 3.8 7.6 8.9 0.4 

8. Industry bnakdown 

311 Food 3.3 2.4 S.1 10.0 
313 Beverages 3.8 S.1 S.3 2.8 
314 Tobacco manufactures -4.9 11-2 0.1 6.3 
321 Textiles S.2 L2 3.0 10.4 
322 Wearing apparel 7.9 8.9 3.6 2.3 
323 Leather and fur products S.4 S.8 4.0 0.6 
324 Footwear, excluding 

rubber or plastic -1.0 2.3 3.2 1.0 
331 Wood and cork products 6.2 3.8 4.2 I.I 
332 Furniture and fixtures 6.4 2.3 2.4 0.6 
341 Paper and paper products 1.S 2.S 4.2 1.6 
342 Printing and publishing 3.1 S.3 4.4 1.3 
3SI Industrial chemicals 9.7 6.7 11.9 4.8 
3S2 Other chemical products S.8 6.7 -0.I 4.8 
3S3 Petroleum refir.erics 16.1 3.2 3.S 14.7 
3S4 Miscellaneous petroleum 

and coal products 21.2 7.3 16.1 0.9 
3SS Rubber products 6.9 6.2 2.S 1.4 
3S6 Plastic products n.e.c. 14.6 1.7 3.0 1.S 
361 Pollery, china and earthenware 9.1 1.S 3.6 0.7 
362 Gia" and gla" products S.9 4.S s.s I.I 
369 Other non-metallic mineral 

products 7.8 S.8 6.4 10.1 
371 Iron and steel 7.4 4.0 S.4 4.S 
372 Non-ferrous metals 13.4 9.4 3.S 1.8 
381 Metal products, 

excluding machinery 3.4 3.8 S.6 4.1 
382 Non-electrical machinery 12.0 8.8 6.9 4.3 
383 Electrical machinery S.6 1.7 10.7 3.2 
384 Transport equipment o.s 2.9 4.0 3.6 
385 Profe"ional and scientific goods 9.8 6.S 2.6 0.3 
390 Other manufactures 9.7 S.1 S.6 0.4 

Total" S.9 4.3 4.7 100.0 

Sourct: UNIDO lndustri•I Statistics Database and UNIDO/PPD/IPP/GLO. 
Nott: In computing regi(Jnal MVA growth rate1, sectoral MVA for each country is valued in 

national currency al 1990 price& and then auregated 10 regional totals 11 1990 United S111e1 dollar 
exchange rates. 

II Total MVA for the region in 1990 w11 Sl09,183 million. 
l!/ Data for the territory of the former Democratic Yemen not included 
'1 Por both country and industry breakdown. 
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which might l.-Onstrain diversification from oil. Through
out the region. diversification away from hydrocarbons is 
being intensified. particularly in Bahrain and Saudi Ara
bia. especially as most GCC States l.'Ontinuc to worry 
about depleting their oil reserves and the possibility that 
new technologies will e\"Cntually emerge that will make 
crude oil redundant. Anticipated bank reform will be the 
next step taken to mobili7.c the region's private capital 
for industrial purposes. In Bahrain. the Government ha" 
recently taken a decision to amend the country's ag~ncy 
legislation. breaking the monopoly ~njoyed by commer
cial agents. 

All these liberali7.ation measures are radical in a re
gion where nationals have usually enjoyed considerable 
protection from external competition. and major indus
trial projects are in the public domain. These reforms 
will allow even State-run hydrocarbon industries to be 
opened up to private investment (most rec.~;ntly in Qatar). 
It should provide substantial opportunities for busincs.." in 
downstream activities in the hydrocarbtm and aluminium 
industries. Consumer industries have great prospects for 
private investment. since the GCC region has a fa'lt
growing market. forcca."t to grow at an average real rate 
of 3 to 5 per cent per annum during the 1990s. with a 
total population in the six countries of already more than 
21 million people enjoying very high levels of purchas
ing power. reflected in an average per capita income 
among the highest in the world. 

5. Progress in the unification of the GCC marlcet 

Progress in the implementation of the GCC economic 
c,x,peration agreements is reportedly still very slow, 
partly because of the eruption of the Persian Gulf crisis 
in 1990 and its aftermath. According to estimates of the 
&:onomic and Social Commission for Western Asia. 
intra-GCC trade ct•rrently still accounts for less than 7 
p.;:1 cent of total GCC trade of approximately $90 billion 
a year. Various impediments to the full implementation 
of th.:: agreements have been identified, mainly in the 
area of business activities. trade relations, status of 
free 1.ones and national industries set up therein, proce
dural and regulatory mailers and problems relating to 
country-of-origin certificates. Nevertheless, there have 
been signs of cooperation to resolve these problems, 
examples of which are not few: Saudi Arabia has been 
lifting tariffs on goods originating in the United Arab 
Emirates under GCC accords aimed at phasing out cus
toms duties; Oman has agreed to allow nationals of the 
United Arah Emirates to trade in the share of Omani 
companies on the Muscat stnck ex1:hange; and most 
importantly. the central bank governors have been plan
ning to coordinate their monetary, banking and financial 
policies. 

6. Pro.fpects of GCC-EC aKreement.f 

With the estahli'\hment of the .;ingle European market 
at the end of 1992. the (i('C countries are hecoming 
increasingly concerned about prnsperls of improved 
trade relations wilh lhe EC. The latesl talks on free trade 
hetween the EC and CiCC conlinned 1t.a1 1hey are <;till far 
from reaching an agreement on lhe issue of lowering 
tariff harriers against Pcrsi:m Ciulf petrochemicals u-
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ports to the EC. The main obstacle to a lr:t<k agrttmml 
between the two groupings has been the 13 to 15 per l.-Cnt 
EC tariff barrier on Persian Gulf petrochemical e'ports. 
imposed in order to protect the ageing l.uropean chemi
cal industry. A cooper.ttil·n agreement reached between 
the two parties in 1989 came into force in January 1992. 
Negotiation." on a free trade agreement between the two 
parties were initiated in October 1990. but have yet not 
been concluded. The EC submitted a proposal in January 
1992 to which the GCC responded negatively. The pro
posal suggested a transitional period of 12 years before 
the EC totally lifts tariff barriers on Pcrsi•tn Gulf petro
chemical export.... However. official Saudi Arabian 
sources are reported (301 to have indicated that the EC 
proposal would result in an annual loss of $800 milli<m 
to Saudi Arabia in the first year of its implementation. 
The matter wa" further complicated by the recent EC 
pmposal to intmduce a SIO-pcr-harrel energy tax on 
crude oil imports. as part of efforts to cootrol envimn
mental pollution. Preliminary studies indicate that imple
mentation of this proposal would cost OPEC member 
countries annual los."C5 of some $14 billion. 

Great difficulties are expected to continue to surround 
the negotiations. particularly those relating to GCC ex
ports of petrochemicals to EC countries. The latter are 
not expected to provide major market opportunities for 
GCC producers in the 1990s. The drop in energy prices. 
which is expected to continue. is likely to provide indus
triali7.ed countries with a competitive advantage for the 
establishment of the increa..cd petrochemical capacity 
that will he required in the 1990s. Trade relations be
tween GCC and the EC are already robust, with the value 
of bilateral trade amounting to $30.7 billion. and with 
EC exports to the GCC market totalling Sl7.8 billion and 
imports from that market reaching S 12.8 billion. result
ing in a trade deficit of S5 billion, which the Persian Gulf 
States are greally concerned to reduce. 

7. Prospects for new markets 

The GCC countries will have lo intensify their drive to 
find new markets, expand existing ones. and consider 
new trade arrangements to promote manufacturing ex
ports. Eastern Europe and the CIS, particularly the laller, 
are huge markets for their petrochemical and industrial 
exports. The Saudi Basic Industries Corporation and the 
Saudi Cable Company already export to this region. and 
they are exploring the possibility of expanding their trade 
further. China, India, Pakistan and Turkey enjoy robust 
and well-diversified economic relations with GCC. 
Merchandise trade and the South-Asian and East-Asian 
l.•hour force in the Persian Gulf countric!> are important 
aspects of this relationship. Another important aspect is 
the direct i:westment of South-Asian textile and clothing 
companies in factories in Oman and the United Arab 
Emirates. the products of which are exported to the 
United States. Ahove all. to profit from the huge invest
ments in petrochemicals, aluminium-refining and other 
large-scale capital-intensive plant-; made in the l<JROs, 
markets for the products need to he further developed, 
and in the longer term, a more diversified manufocturing 
stmct11re must he created. The laller, especially, will 
depend on improvements in the liuman capital resources 
of the region. 



H. Indian Subcontinent 

ProsJIC'.-ts for higher inJustrial growth in the region in 
1993 and over the next few years are good. GDP growth 
rose from 2.1 per cent in 1991 to 4.4 per "-"Cnt in 1992. 
and is expected to ilk.-rcasc to 4.7 per cent in 1993. MVA 
growth rose from --0.2 per cent in 1991 to 3.3 per cent 
in 1992; 7.9 per "--cnt growth is expected for 1993 and 6.9 
per cent for 1994 (see table I.I). Labour productivity 
growth rates are also expected to be high (see figure 
11.9). High MV A growth will be achieved by most coun
tries. but recovery of the large Indian economy is of 
special significance. 

Generally. factors such as better harvests and low oil 
prices have helped to improve the macroeconomic envi
ronment. but factors such as lower inflation. easing of 
balance-of-payments difficulties and iDCJCascd foreign 

investment may be largely attributed to recent poliq re
forms. including trade and financial liberalization. de
regulation of industry and greater encouragement for 
private-sector investment. which together are raising pro
duction efficiency and competitiveness. Bangladesh. 
Nepal and Sri Lanb are all implementing significanl 
reforms. Bui the major change has been in India. which 
produced four fifths of the manufa-turcs of the region in 
1990 (see table 11.24). Following a period of low growth 
(MVA grew by only 2.2 per ccnl from 1990 to 1992. the 
lowest in the region). partly due lo exogenous shocks. 
the country. which for decades had followed policies 
favouring public-sector inveslmcnl and conlrols over the 
private sector. thus inhibiting efficicnl inveslmcnt and 
market fOfCCS, is now dismantling many restrictions. 1bc 
implications are discussed below, followed by a sum
mary of changes in Olhr.r countries of the region. 

Tallk D.JA. o-tll na al MVA m iMirid..a _.trils _. ia ZS iad.arim. 
19'10-1992, ... 1990-try ... iad.stry IUra: ladiaa S. .... tiacal 

(Perccatasc) 

Awcrar.c a••HI 1rowll1 ra1es Sllarc it1 
Coun1ry or iadusuy (ISIC) IGlal MVAll 
and IOl•I 1970-1980 1910-1990 1990-1992 1990 

A. C.-..y llmlt4owft 

ladia 3.0 6.1 2.2 77.3 
Pak111an 4.A 6.9 7.2 IS.O 
Baa&lacklll 3.1 I.I I.I 3.1 
Sn Lanka 10.3 17 4.2 l.2 
Sepal 2.? 9.S 6.3 0.7 

B. lllJuslly llmlkdoom 

311 Food 1.2 1.4 4.3 11.0 
313 Bc•itraca 4.9 10.9 l.S l.S 
314 Tobacco manurac1ura 4.2 s.- s.s 4.1 
3?1 Tcx1ilcs 2.2 o~ 3.0 12.1 
322 Wcann& apparel 9.1 19.0 3.0 1.6 
323 Lca1llcr and rur produclS 4.S 3.0 3.1 o.s 
324 foo1wcar. 1tacludin1 

rubber or plaslic 11.0 10.S 3.1 0.4 
331 Wood and cork pr-'CSuclS 4.2 4.2 2.S 0.4 
332 Furni1ur1t and fis111ra •0.9 1.4 2.1 0.1 
341 Papitr and papitr produc1s l.S 2.1 ).Ct 1.6 
342 Pr1n1in& and pubhshinl I.I 4.7 1.0 l.S 
3SI lndus1rial cllcmicals 2.6 1.9 4.0 7.3 
lS2 Ol111tr chem1tal produns S.? S.l 4.2 7.4 
3Sl Pc1rnlcum rcr1nitric:s 41 llO ?.4 4.0 
3S4 M1scellancous pitlrolcum 

and coal produc1s 16.4 72 42 I. I 
3SS Rubber prod11c11 0.1 10.I 0.9 2.6 
3S6 r1a111c produclS n.e.c. 4.0 9.1 1.4 0.9 
361 Po11cr). china and car1hcnwarc 7.1 6.0 S.l 0.3 
362 Gia" and &lass produclS 2.i 6.0 4.2 O.S 
369 01hitr non- mclalhc mineral 

producll H 7.6 u 4.2 
371 Iron and srcitl 41 6.1 3.4 9.7 
372 Non-rcrrous mc1als ·I.II 19.2 3. 7 1.6 
311 Mccal prnducrs. 

culud1n1 machinery 2.2 6.1 2.4 2.1 
312 Nnn ·elitccrical machinery S.4 4.7 3.0 6.1 
313 f;lltc1tical machinery S.7 71 B I.I 
314 Tra•urnrr cqu1pmcn1 S.l SI l.S 6.9 
31S Professional and ac1cn11ric aoc>d• 3.11 7.3 0.9 0.7 
390 01her man11rac1urcs ·O.I 13 3.2 o.s 

Toraf'V 3.4 6.1 3.3 100.0 

Sou~1: UNIDO lndu.1rial S1ali111c1 011aba11t and t.:NIDO/PPD/IPP/GLO. 
Not,; In compulln& rccional MVA vow1h ra1cs, scc1oral MVA ror each coun1ry 11 valued in 

nalional currency at 1990 prices and 1llen agrcptcd 10 rc&ional 101als al 1990 Unilcd Scates dollar 
cachan1c rates. 

II Tolal MVA ror Ille rccinn in 1990 was S29,l32 million. 
II f'or bolh country and 1nduS1ry breakdown. 
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Figure 11.9. Growth rates of GDP, MVA and manufacturing employment. 1987-1994, and industrial structural 
change, 1980-1994: Indian Subcontinent 
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I. Growtli 111111 tt/OIM ill lllllia 1991. Thc!.C and Olhcr signs suggest lhal lhc slow-down 
within lhc region bottomed out in 1991r}2. 

The policy changes are already creating new attitudes 
towards doing business in India. For instance. blue-chip 
transnational corporations aR becoming interested in 
investing in India (sec table 11.25). During lhc period 
from August 1991 through October 1992 foreign col
laboration approvals were granted lo 1.876 proprJSals 
amounting lo $1,224 million (31). Also. in 1992 capital 
issues by private Indian enterprises increased lo 98.5 bil
lion rupees ($3.3 billion) from 15.8 billion rupees in 

Particularly for Indian industry. fiscal year l991r}2 
was a.1 exceptionally bad ye~. Production «kc lined by 
2.3 per cent Several constraints on industrial growth were 
identified lo explain lhis: a poor harvest. sustained infla
tionary pressure. restricted govcmr lCDt expenditure. se
vere import compression. a tight 11 oncy policy and stag
nation in exports. In 1992r}3, an inpn>vcmcnt in agricul-

Indian company 

Ir. 1990 

Indian Telephone Industries 
Dunlop India 
Hyderabad Allwyn Ltd. 

In 1991 

Gujarat Communications 
Hyderabad Allwyn Lld. 
Lanen and Touilro 
Wipro lnrotcch 

In 1992 

BPL Sanyo 

Vinrron Industries 
Bee F.lccuonic Machines 
TVS Suzuki 

In 1990 

Montari Industries 
Harrkine Corporation 
Kancor Flavours Ltd. 
Averina International Resorrs 
Hewlett Packard 

In 1991 

Samcor Glas1 
l'day Management Services 
Tara, Inc. 
Digi1al Tools 

In 1992 

Vin1agc Cards and Grcetinp 
Proc1er and Gamble 
Apar Ltd. 
Motorola Blue Star 
Indian Shaving Producrs 
Pepsi foods 
ffindus111n Motors 
Godrej and Royce 

•fisai Jan scan on I April. 

Tabk D.2S. Lcadillg tn-1-.a illwaton ill 18dia 
r- Japu a8d tllc U.ital Stala 

Headquarters Collaborator 

A. Wllll laptJllDL collaboratiall 

Delhi 
Calcurta 
Hyderabad 

Baroda 
Hyderabad 
Bombay 
Bombay 

Bangalore 

Delhi 
Bombay 
Madras 

NEC Corporation 
Sumitomo Rubber Ltd. 
N.P. foods Ltd. 

Sony Corporation 
Seiko 
Western Digital Corporafr>n 
Seiko Epson Kabushiki 

Sanyo Electric 

JPN and Sony Corporation 
Canon 
Suzuki 

B. With Uniud Statts collaboration 

Delhi 
Bombay 
Ernakulam 
Margao 
Delhi 

Delhi 
Bombay 
Rom bay 
Rom bay 

Pune 
Bombay 
Rom bay 
Bangalore 
Delhi 
Chandigarh 
Calculla 
Bombay 

Bausch and l.amb 
New York Rlook Centre 
McCormick and Sons 
Radissc.n Hotels 
Hcwlell Packard 

Corning Gia" Work 
Best Western 
IBM World Trade 
Digital Tools, Inc. 

Hall Mark Cards 
Richardson Vicks 
Gener1I Eleclrlc Co. 
Motorola Corpor11ion 
Gilletre Co. 
Pepsico 
General Mo1ors 
General Electrics 

Product 

Digital mii:rowave systems 
Radial lyres and rubes 
Prawn crackers and snacks 

Prdessional videotape recorders 
Watches 
ffard disk drives 
Do1-ma1ri11 printers 

Vide casseue recorders and mechanism 
playeR and videotape deck 

Floppy disks 
Facsimile machines 
Motorcycles and derivatives 

Sort conlac:r lenses 
Blood produCll 
Spice alternatives, emulsions 
Hotels and res1auranrs 
Computer prin1ers 

<:.>lour tele•:ision gla" shells 
Hotel industry prooucls 
Compu:crs 
Sor1warc and consultancy 

Greeting cards 
Syn1he1ic detergents 
Energy-effic:icnl lamps 
High-technology c"mmunicarions 
Advanced shaving systems 
Processed roods 
Cars 1nd commercial vehicles 
Comprell<'rs and household goods 

SOUTCt: 77¥ Tunu of India ( 12 February, 1993). 
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tun: was achieved. ~trictions on imports were eased. 
inflation dropped. exports began to grow. and the Govern
ment budgeted a higher increa.<;C in public investment. 

There was no increa.<;C in government investment in 
real term." in 19911'92. The budgeted incrca.<;C in 1992193 
( 16 per ccm) should stimulate the demand for capital 
goods. More is. hcwe\·er. expected from the incrca.<;C in 
private investment. which on current indications may be 
higher (18 per 1..-cnt) than fortta.'it (15.5 per .:ent). In 
1992193 the minimum interest rate was lowered from 19 
to 18 per 1..-cnt and credit limits were unfmzen. With 
government market borrowings drastically reduced. the 
t.-redit situation improved. 

Exports in 1992Jl)3 arc estimated lo have grown at 
IO per c.-cnt (in dollars). This wa.'> a substantial improve
ment on the decline of 5 per cent in the previous year. 
Fiscal 19911')2 was admittedly an exceptional year. ll 
wa." the year of the reforms. monsoon failure, disman
tling of the former USSR and of lndia"s trade with it. and 
severe compression or imports. De\·alualion and partial 
com.-ertihility of the rupee. better monsoon and removal 
of constraints on imports all helped In boost exports in 
1992193. 

While ell ports in con\·ertible currencies grew rapidly. 
exports in the rupee payment area-ba..,ically trade with 
the former USSR under long-term agreements continued 
to decline.• Benefits from the re,·ised exchange rate 
policy proved not to he as great as foreseen. Under partial 
convertibility of the rupee. while export earnings were 
converted :?t the average oi the official and market rates. 
imports were com;erted al the market rate-the market 
rJle being around 15 per cent higher than the official rate. 
Export industries using substantial amounts of imported 
materials thus suffered. Among the low-import-intensive 
indust1 ies that benefited were garments and leather pm
ducls. whose exports flourished. Industry was quick to 
draw the auemion of the Government to this shortcoming 
in the exchange rate policy. and a-;ked for the applkation 
of the same rate for com·crting export earnings and pay
ments for imports. The Cim·emmenl re.,ponded hy pro
mising full convertibility soon. Indeed. on I March 1993. 
the Government decided lo float the rupee in the currency 
market and 10 adopt a single market rate for trade-the 

•fn 1'1'1111'11. npon< in lhc mprc p.1~ml'"nl' arl'".t .. t"rl'" 17 prr Ct"OI of 
lolal ~•1">r1<. In 1'1'121'1.1. lhcy ar.: l'"•rc•·ll'"<I lo !'<' ahoul '.\ per • !OI. 

first step toward full convertibility (capital 3l."\."0Unt re
strictions remain). 

The trade deficit in 19911')2 declined fmm S5.93 bil
lion lo S 1.6 billion or by 70 per cent. rcflecling the se
verity of import compres.'iion during that year. Foreign 
exchange reserves. which had plumme!ed to a meagre 
Sl.4 billion at the beginning of fiscal 19911')2 (April 
i 991 ). rose lo S5.6 billion by the end or the year (March 
1992) on account of the substantial suppon received 
from international financial agencies and rwo special 
schemes for drawing fund.o; from non-resident Indians. 

The exlemal lk-bt or India in September 1992 W3..'i 

about S70 billion (25 per cent or GNP) and the debt 
service ratio (ratio or total debt service lo exports or 
goods and servit.-cs) was 34 per c.-cnl. The foreign ;!X· 

change reserves of India. excluding special drawing 
rights and gold. were S5.5 billion in April 1992. By 
l.Jccember 1992 reserves had decli1!~ to $5.1 billion. hut 
are "·iewed a.'i adequate. 

Another bright side of 1992193 ha.o; been a deceleratinn 
in the rate or inflation. The point-to-point increa.se in the 
wholesale price intlex ha.o; consistently declined each 
month since September 1992. and the wholesale price 
index at the end of March 1993 is not expected to be 
higher than 7 per cent above that of the previous March. 
The decline in price ha." been shared by all commodity 
groups except fuel. power and lubricants. Deceleration in 
the inflationary rate has been most marked in primary 
products. which are dominated by food. 

2. Challenges of techno-industrial reforms in India 

The major econ<':nic reforms introduced by the Gov
ernment of India in early 1c;93 include ;:. much more 
liberal pohcy on foreign technolog} agreements. For the 
case of 33 high-priority industries and products (see list 
below). perrnissic>n will be automatically granted. with 
up 10 51 per cent foreign equity. This conlrasts with 
e;1rlier lpre- llJK5) practices of reserving these industries 
for State-owned enterprises. Apparen1ly. the basic aim of 
the measure !, lo accelerate the technical progress of 
Indian industries hy relying on foreign technology 
soun.:es-a turnaround from the position ,,f "technologi
cal independence. self-sufficiency. or self-rdiance .. es
poused earlier. 

Industries to receive automatic approval of foreign technology 
agreements, with up to 51 per cent foreign equity approvals* 
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Metallurgical industries 
Boilers and steam-generating plants 
Prime movers 
Electrical equipment 
Transportation 
Industrial machinery 
General machines 
Agricultural machinery 
Earth-moving machinery 
Industrial instruments 
Scientific and electromeaical instruments and laboratory equipment 
Nitrogenous and phosphatic fertilizers 
Chemicals 
Drugs and pharmaceuticals, in accordance with drug policy 



Paper and pulp, including paper products and industrial laminates 
Rubber products 
Plate glass 
Ceramics 
Cement production 
High-technology reproduction and multiplication equipment 
Carbon and carbon products 
Pre-tensioned high-pressure pipes 
Rubber machinery 
Printing machinery 
Welding electrodes other than those for welding mild steel 
Industrial synthetic diamonds 
Extraction and upgrading of minor oils 
Prefabricated building material 
Soya products 
Certified high-yielding hybrid seeds and synthetic seed and certified high

yielding plantlets deveioped through plant tissue culture 
All food-processing industries other than milk food, malted foods and flour, but 

excluding items reserved for the small-sca!e sector 
All items of packaging for food-processing industries, excluding items reserved 

for the small-scale sector 
Hotels and tourism-related industry 

.Details of government listing omitted. 

Nevertheless, policy mea.<1ures for deregulation and 
Iiberali1.ation still seem to have room for further im
provement-improvement in the sense or ~ucing 
"transaction costs" facing pri,·ate enterprises. The 
following observation is worth quoting in some 
length (32): 

"A Qlllple of tbc rcs1ric1ive 113lure of bureaucratic control 
as compiled by tbc Confederation of Indian lndusl.iy in
cluded tbc following: 

{i) Even aflcr libcrali1alion the number of notification.<;, 
circular.; laying down new guidelines for foreign equity par-
1ic1pa1ion and cnllahoralion agreements lotallcd 377 for 
Customs. 117 for Excise. 21 for direr;! taxes, 78 for import 
1r:kle conlrol and seven for expon trade control. This added 
lo confusion and caused harassment; 

(1i) On n•allers rc:laling to lax laws, while all obligations 
of an a"scssce were lime-bound 1he obligations of tax en
forcement aulhorilies were nol; 

{iii) Insofar as lhc lndu .. 1ries Devdopmcnl and Rcgula
lion !ID&R> Act and licensing was concerned. for gelling 
clearance even now !here were 13 agencies. There should be 
a single will<k·w clearance; 

{iv) In regard lo foreign collahora1ion, under lhc existing 
system, foreign cquily and fore;gn exchange requirement for 
imponcd capilal g1Kxls (C<i) should balaocc. Bui lhis called 
for complclc details of CG wi1h spccifica1ions, li1cra1urc, 
clc. After examination by 1he authorities, lhe applicanl is 
subjcci to a qucs1ion and an~wer ;c~sion. Strangely, ~incc 
under lhe new impon-cxpon policy. the CGs are freely im
ponable why "hould the above condition be applicable; 

(v) for ensi.ring speedier action, dividend rcpalriation 
should he clc:art'd. of course. suhjecl lo a cenain limil by 
au1hori1ed dcalen instead of sending each case 10 lhe Cen· 
tral office of I.he Reserve Bank of India." 

Ir these statements arc valid. the current induo;trial 
policy reforms retain the characteris1ics of a "regulatory 
regime", quite remote from the "developmc:nral regime" 

observable in some Asian countries.• 1lle developmental 
regime characteristically create.<1 new institutional de
vices to reduce transaction costs facing enterprises a.<1 
well as ancertainties, so a.o; to encourage risk-taking for 
continuous innovation, even under conditions of uncer
tainty or external shock. 

J. Reforms in other counlrUs 

Economic reforms in other ~ountries of the region have 
been broadly similar to th<>!>e of India, but some were 
iuitiated earlier. In Bangladesh. reforms of finance. invest
ment and industrial and trade policy got underway in 1989. 
A value-added tax wa.<1 introduced, and credit and interest 
restrictions were relaxed. Promotion or the private sector, 
divestment or public enterprises, support for foreign in
vestment (including IOO per cent ioreign equity), and 
development or export-oriented and small-scale industries 
ha-; hecn introduced. Import prohibitions are being climi
n 1ted, tariffs lowered and tariff schedules simplified. Re
sults are already apparent. Exports or ready-made gar-

•for an in•ightful ~ly•i• of thc'IC ~gimes '.ICC Challll<'n John<Oll. 
"Pohtical in\liluticm• and C'Conomic prrforman.:C': lhc govcmmcn1-hu<1· 
nc" ~1a1ion in Japan, South Korea and Taiwan ... in TM Pnlitiral 
E.mnnm-y nf tlw N~· .4Jian fndu.rtrialism. Fmleric C. Deyo, ed. (Ithaca. 
Cornell llnivC'!"ity Pre\\. 19117). pp. 136-164. Similarly. an in·dcpth 
•tud) comparing lhc policy ~gime or India with t~ or Rruil, Japan 
and lbc Repuhhc or Korea led 10 the following conclusion (:\Jj: 

"tr the interpMation• of thr Indian and comparativc: m;itenal of· 
fe~d hcrC' are convincing, they have implication• for third-world 
policy makcB. Pro11rammes ol lil1Crali1ation lend 10 have only a 
ncica11ve agenda with re•pecl to lbc Stale ··"shrinking the State", 
"redudnic Stale internntion··. etc. This analy•i• •ug11:e•I• that there 
should he a pmitive agenda a.• wrll. Tiie empha.,i• or ccniral gov· 
emmcnt agencin can l1C shifled away from custodial ta.'k~. which 
slrain hurea11cra1ic capa.-ily and 100 orten 'ICl'\lc pnmanly to I •• cr~le 
rental haven\. and foc11!1Cd mott on supportive func11ons, gathenn11: 
and 1ran•m111in1t informa11on, hclpinic lo !ltt goal\ and define nccclcJ 
infra,1ruc11iral 1mprover11C'nls. This " not a pa.,s1ve role. AclivC'. 
cntrrprrnc11rial engagement with real prohlrm• of ind11\tr1al doC'l· 
opmrnl n111't llC' rnmhincd with the ahility 10 hu1ld durahle, eHecllve 
p11hhc·priva1e ne1w11rh." 
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mcnts :ire gmwing rapidly. ac\."OUnling for over half oflotal 
export e:amings in 1992. High MV A gmwth of at least 7 
per \.-Cnt is expected lo 1..·on1inue in 1993. 

In Pakistan. deregulation. privati1.ation. import liber
ali1..ation :md int..tcascd fiscal i111..-enlives helped lo in
\.tcase investment in manufacturing ~y over 30 per 1..-cnt 
in 1992. Much of the manufacturing industry of the 
country remains highly prota'led by tariffs and orher 
trade measures. but a reform programme is cxpa'ted in 
1994. and \."Olltinued high MVA growth is fom:a.~. 

In the past few years. Sri Lanka has initiated a libcr.ali1.a
tion pmgrammc fll\.-u.'iCd on private sa'tor investmenr. 
parti\.-ularly investment in export-orif.nted manufik.'lures. 
and export processing zones have been promoted. The 
strategy ha'i largely been suc\.""CS.'ifuL Pri\·atc fon:ign invest
ment has been int..tcasing rapidly. lo almost S800 million in 
1992. as have manufactured exports. especially ganncnts. 
High gmwth for both. as well as manufactures in general. 
should continue during 1993.1'}4. 

Garment export." arc becoming important throughout 
the region. Thc success or this industry has been largely 
ba.~ on two fOk.'lo;·s: 'aw labour costs and the quota 
system of the Multifibre Arrangement. which ha" tended 
to fl!Strict growth of garments export." fmm traditional 
suppliers. such a'i NICs. to the big United Stales and 
European markets. Bui the recent policy reforms de
scribed above arc allowing countries of the region to rake 
advantage or their natural competitive advantage: cheap 
labour. Can such policy reforms help the region to emu
late the suc1..·es.'iCS of Ea'it Asia? Just lowering a tariff 
here or there obviously will not he enough; economic 
reform in the region must continue. 

I. East and South-F..ast Asia 

Industrial growth in the Ea.'il and South-East Asian 
region ha.'i led the world over most of the past sever.al 
decades. High growth in manufacturing. focused on ex
port markets. first spread from Japan to four NICs
Hong Kong. Republic of Korea, Singapore and Taiwan 
Province. The nc,us or production. investment and trade 
links then spread throughout the ASEAN countries. with 
the poorest of ne·.c, Indonesia. being the most recent to 
benefit. Now China is also being brought into the 
regional industrial network (sec section J). All this has 
hccn based on cntcrprisc-lcvcl. market-based decisions, 
rather than fom1al intergovernmental agreements. 

The region's share in world MVA grew from 1.3 per 
cent in 1975 lo 4.J per cenl in 1990. and is expected 
to reach 5.4 per cc11; in 1993 (sec table 11.26). As of 
1990, two 1hirds of regional MVA wa~ accounted for hy 
the Republic of Korea (43.2 per ecol) and Taiwan Prov
ince (23.9 per cent). Regional MV A growth averaged 
11.4 per ccnl annually during the 1970s. slowing to 
8.R per cent in lhc 1980s and 6.2 per ccnl from 1990 10 
J 992. as lhc world economy slowed. Mosl of the re
gion's growlh has hccn in advanced 1cchnology seclors 
such as machinery and chemicals. Easl and Soulh-Ea-.1 
Asia accmmlcd for a nolcworthy 6.3 per ccnl share of 
worldwide manufacture of cleclrical machinery as of 
1990. Labour productivi1y JJaim; have hcen among tht" 
world's highest <sec ligurt' 11.10 for GDP and MVA 
growlh in rcccnl years and also for lhe pallcrn of o;lruc
tural change in industry). 
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Regional GDP gmwth is ex(IC\.'led lo pick up fmm 
.. only .. 5.5 per cent in 1992 lo 6.2 per \."Cnl in 1993 and 
6.8 per 1..-mt in 1994 (stt lahlc I.I). Manufacturing will 
1..·ontinue to provide the driving economic fon.-c. although 
servi\."C activities arc also gmwing r.lpidly in t..'llllntrics 
and areas such as Hong Kong and Singapl>rc. MV A 
gmwth is expected to rise fmm 6.0 per \.-Cnl in 1992 lo 
7.4 per 1..-ent in 1993 and 8.8 per \."Cnl in 1994. and mosl 
1.."\lllntrics in the rcgitm. being participants in the dynan1ic 
economic system mentioned above. will contribute to 
and benefit from high regional MV A growth. 

Trade and foreign invcstmcnl patterns in Easl and 
South-East Asia have become t.·omplcx as well a.s rapidly 
growing. and manufa...'turcd products dominant both I for 
example. 96 per cent of Taiwan Provilk.-e export .. 'i in 1992 
were manufactures). As a further case in poinl. for exam
ple. cars made in Malaysia are products of joint ventures 
with major Japanese companie'i, parts being sourced 
fmm many countries of the rcgilm. Japan remains th~ 
source of many of lhe most advanced. high-technology 
industrial inputs (thus returning a tr..dc surplus with the 
region). and actual manufacturing activity ha'i moved to 
areas with the lowcsl labour cost soch as China (although 
wages in the COO.'il:ll arca.'i have i111..-rcascd, so that the 
next move will be into central China). 

Trade linkages for 1991 including China. Japan and 
South A!>ia ithc la'il named, as reflected ill the table. is 
not part of the East Asian network, having low regional 
trade linkages) arc shown in table 11.27. Total c'ports of 
1hc four NICs are about the same a.s those of Japan. about 
three limes greater 1han the rest of Soulh-Easl Asia. and 
four to five times greater than China. II can be seen that 
trade linkages arc slrong within lhe Ea.'i1 and South-F..asl 
Asian r.:gion anJ with Japan and China. Mosl of this 
trade consists of manufactures (accounting for 96 per 
cent of exports of Taiwan Province in 1991 ). of which a 
large part is industrial inpuls (Japanese export." 10 the 
region arc largely in thi'i category). 

The network or :nanufacluring production. trade and 
foreign investment linking the region wilh Japan and 
China is largely based on a hierarchy of differences in 
skills and wage costs. The most advanced, high-technol
ogy. high-value-added products arc made in Japan. 
where wages arc highesl; ncxl come lhc NIC's. Indonesia 
and China. where wages arc lowesl, provide produclion 
platforms for labour-intensive. low-skill ::..11vi1ics. New 
producls lend lo he made firsl in Japan. and arc lalcr 
shifted lo countries lower in the hierarchy. Video record
ers. for example. are no longer al the technological apex. 
and arc lhcrefort' being produced mainly in the low-wage 
counlrics. To illuslralc this phenomenon, table 11.28 
shows lhat allhough labour produc1ivi1y has been in
creasing very rapidly in Taiwan Province, lhe increase in 
wa6cs hai; been even grcalcr. Unil lahour cosls have 
lhcrcforc riser, considerably. thus helping to drive basic 
man11fac1uring activities lo mainland China. Rut even in 
Taiwan Province, where GDP per capita i!' now above 
S 10,000, l11;~hcr than thal of Greece. labour co!'ls in l1)CX} 

were only 19 per ccnl of 1hc lahour l'.O!ll~ of lhc llni1cd 
Slalc!i (Ibey were 7 per cent during 1hC' ~ri1K.1 lrom 1976 
lo 197H) 134). 



Tallll: 0.26.. o-t• raecs of MVA ill Mmd..a-lriea ... ill 2& •....a. 
19'10-1992. ... 1990-trJ ... -...ry Illa.a: e.. ... s-.. -e.. Am 

(Peiuntaac) 

Country or area Anragc annual growth ralcs Share in 
or industry (ISIC) total MVAll 

and total 1970-1910 1980-1990 1990-1992 1990 

A.. CotlllllJ bmllbloMI 

Republic ol Korea 13_1 12-9 7_4 43_2 

Taiwan Province 11_1 7_4 4_3 23_9 

Thailand 1_7 6_9 a_o 9_1 

lador.csia 14_0 13_4 S-4 H 
Hoag Kone 10-4 u 0_9 S.2 

Sin&apore 14_4 6_9 6-5 5-1 
Malaysia 13_6 7_4 10_2 3_9 

Philippines s_J 3_2 0_9 3_1 

Macau 0_4 3-1 0-5 0_2 

Papua New Guinea 7_4 -0_2 7_4 6-1 
Fiji 6-2 1-0 6-1 

B.. ,,.,_,, 6mabfoMI 

311 food 7-1 6-1 S.2 u 
313 Beverages 4_3 7_7 2-9 2-5 
314 Tobacco 111oinufacturcs 7-2 S-3 3_3 2_7 

321 Tcxlilcs 11-6 4-6 2_9 7_1 

322 Wcarin& apparel 13-2 6-3 4_7 4.9 

323 Lca1her and fur products 19_2 16-1 s_2 1-3 
324 Footwear, excluding 

rubber or plastic 14_4 10-6 4_1 o_s 

331 Wood and cork products 7_2 4_2 2-S 1-6 
332 Furni1urc and fixtures 12_0 9.3 1.4 0.9 
341 Paper and paper products 11.2 9.6 S.6 2.3 

342 Prin1ing and publishing 10_9 9_7 7-1 2_4 

3SI Industrial chemicals ILO 9_4 9_7 3-1 
3S2 Other chemical products 10_0 9_1 1.0 4.3 
3S3 Petroleum refineries 10_0 6.S 7_7 4.S 
3S4 Miscellaneous petroleum 

and coal producrs 12.l 4.1 3.9 0.3 
3SS Rubber producll 12.2 8.1 6-1 2-4 
3S6 Plastic products n-e.c. 11-6 9.4 3-1 3.6 
361 Pouery. china and earthenware 13.8 10-6 4.0 o.s 
362 Glau and glass producls 7_9 10.3 3.4 0_1 
369 Other non· metallic mineral 12.4 7-5 9.1 2_9 

products 
371 Iron and slccl 11_9 10.4 7-2 4_9 

372 Non-ferrous metals 18-3 7.S 10-2 0.9 
381 Metal products, 

excluding machinery 13_9 10_9 8.4 4.9 
382 Non-electrical machinery IS.9 13.9 9.0 S.2 
383 Electrical machinery 17.7 12.3 6.S 14.0 
384 Transport equipment 13.7 12.8 8.1 7.4 
JBS ProfeNional and scientific goods 27.8 8.0 4.8 1.4 
390 Other manufac:1urc1 11.2 9.8 1.2 3.3 

To1ai!ll 11.4 8.8 6.2 100.0 

So1nu: UNIOO Industrial Statistics Da1aba1e and UNIDO/PPD/IPP/GLO. 
Nou: In computing regional MV,\ growth rales, seclora; MVA for each country is valued in 

nalional currency al 1990 prices and I hen aggrega1cd 10 regional 101al1 al 1990 United S1a1e1 dollar 
ncllange ra1e1. 

II Total MVA for lhe region in 1990 •H Slll,703 million. 
DI For both country and indu"'Y breakdown. 
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Figure 11.10. Growth rates of GDP, llVA and manufacturing employment, 1987-1994, and Industrial structural 
change, 1~1994: East and South-East Asia 

)7T 

16 

Percentage 

15 

12 

9 

6 

3 

0 

1987 

9 = 168. e = 18 35 

1988 

J81 

-,.i 

Key 

GOP 

MV.'\ 

Employment .., manufactumg 

1989 1990 1991 1992 1993 1994 

Industrial structural change 
(Index of value added 1980=100) 

.11 

11 

Key: 

Deflated prices of 1985 

g = Average annual growth rate. 1980-1994 
(percentage) 

0 = Index of structural change, 1980-1994 

ISIC code (industries): ----- - --- - ----· 
31 
321. 322 
323,324 
33 
34 
351. 352 
353.354 
355 
356 
36 
371 
372 
381 
382 
383 
384 

(Food products) 
(Textiles) 
(Leather) 
(Wood and furniture) 
(Paper and printing) 
(Chemicals) 
(Petroleum and coal) 
(Rubber products) 
(Plastic products) 
(Non·metal mineral products) 
(Iron and steel) 
(Non.ferrous metals) 
(Metal products) 
(Non·electric;.I machinery) 
(Electrical machinery) 
(Transport equipment) 

· 1990-1994 forecast 
I - 1985-1990 

1980-1985 

Sourco UNIOO dalal>ase; es11males and lorecasls by UNIDOIPPO/IPP/GLO 

72 



Table 0.27. Ualriz al iatra-Asiaa upon&: 1991 

Dcstiaatioa and value ul eapotu 

Total. 
Ea ports South-East South Pacific ucludin& World 

rrom China !'\!Cs Asia Asia Islands Japan Japan total 

A. Volw ill ntilliolu of doll4Ts 

China 36 300 2 140 I 311 ?3 39144 10 26S 70 ·CSI 
SlCs 27 901 41 TIM 24117S 4 ?49 313 99 041 32 09? 307 119 
South-East Asia ? 39? ?3 343 4 Sl9 I 492 62 31107 23 640 102 4?0 
South Asia ?IS 2 731 I 223 112 s S OS7 2 700 ?I S27 
Puific lslandstl 16 16S 61 4 4 ?S7 421 l 796 
Total. excluding Japan 30 S94 104 243 3? l?S 7 931 401 176 006 69 119 Sll 013 
Japan 160S 66921 ?S S9J 3 6112 ?71 IOS 006 314 716 

B. Prrctn14gt c/tallgr from pmious yror 

China ??.6 lS.9 l?.6 -4.? ?I.I 11.S IS.O 
:'IOI Cs 3?.~ ?S.I 17.7 0.3 4.7 ?3.9 6.4 lS.6 
South-EaSl Asia 30.3 22.4 11.7 -1.l S0.7 ?0.0 9.6 16.9 
5'luth Asia 11.3 41.4 66.3 -10.4 64.3 3S.6 16.9 2.8 
Puific lslandstl 191.1 11.4 ·7.S -3.0 -15.4 13.? -9.S -20.6 
Total. ucludin& Japan 32.3 ?4.2 17.9 0.7 9.4 23.0 l.S 24.I 
Japan 40.4 17.8 13.9 0.8 -?7.0 17.S 9.S 

C. Prrcauagr s/ran in apt1'U IO world 

China St.SJ 3.04 1.96 S6.S6 14.S7 100.0 
SI Cs 9.06 13.SS 8.08 l.38 0.01 3?.18 10.43 100.0 
South· East Asia 2.34 22.79 4.41 1.46 31.06 23.08 100.0 
Sou1h Asia 1.00 9.S7 4.29 2.8S 17.73 9.47 100.0 
Pacific lslandsfi 0.89 0.92 3.79 0.02 O.o? 14.31 2.34 100.0 
Total. euluding Japan S.99 20.40 6.42 I.SS 34.44 13.SJ 100.0 
Japan ?.73 ?l.26 8.13 l.14 33.36 100.0 

s,,,,,u: Asian Development Bank. Asian Dft'f!/opmml Oudooli (Manila, 1993), p. IS. 
Ii Fi1i. Papua Ne• Guinea. Solomon Islands anll Vanuatu. 

As part of the change referred to above, regional ex
ports to China have been increasing rapidly. Taiwan 
Province exports to China-largely through Hong 
Kong-reached about 13 per ccn• of its total exports in 

Table 11.21. ladica cl labour procha".tiYilJ, employa: 
earaiap aad uail labour a.I ia maaufacturiac, 

1974-1992: Taiwaa Pro.iacc 

Labour Employee Unil labour 
Year productivity earnings C:OSI 

l974 S2.10 39.lS 
1975 S6.98 41.33 
1976 62.80 43.63 
1977 66.08 49.86 
1978 76.24 48.62 
1979 77.70 46.89 S7.97 
1980 79.IS 57.48 69.57 
1981 84.63 69.21 81.24 
1982 8S.2S 74.86 88.S6 
1983 91.72 79.61 87.19 
1984 91.39 87.12 94.S1 
1985 93.35 90.BJ 99.SO 
1986 II 100.00 100.00 100.00 
1987 107.9S 109.92 101.29 
1988 l IS.98 121.90 106.01 
1989 27.82 139.68 112.0S 
1990 137.85 158.54 119.02 
1991 152.92 17S.94 118.99 
1992 158.93 194.03 J26.S2 

----
Sourct: /fld;£Jy of Frtt China, vol. LXXIX, No. 4 (February 

1993), 11blcs 12, 13, 14. 
II Base year. 

1992. up from less than 3 per cent in 1987 (351. The 
change in the location of manufacturing production pro
vides some intcresti1og statistics. For example, in both 
1987 and in 1992, China, Hong Kong and Taiwan Prov
ince together had a trade surplus with the United Stales 
of about $28 billion, but in 1987 Taiwan Province ac
counted for about $25 billion of the total, whereas in 
1992 it accounted for less than $10 billion of the total, 
reflecting the shift in the location of final manufacturing 
(361. 

Table Il.29 shows foreign direct investment in the re
gion. Singapore ha.c; been one of the largest recipients of 
foreign investment (by far the largest in per capita terms). 
but Indonesia, Malaysia. Taiwan Province and Thailand 
have also received large foreign investments. The Repub
lic of Korea and Taiwan Province have hccn providing 
foreign direct investment to lower-wage-cost countries in 
the region and lo China. 

Prospects for manufacturing in East and South-East 
Asia remain very good. although basic manufacturing is 
shifting rapidly into lower-wage-cost countries of the 
region and into China. NICs will soon he producing only 
high-technology. high-value-added manufac!Ur,.s. and 
growth of services, mainly financial, will exceed MVA. 
Although the economics and economic policies of the 
countries and areas arc quite different, the Republic of 
Korea. for example. having If few very large companies 
working closely with an activist government policy, 
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whereas in Taiwan Provilk."C l."Oltlp;inies arc small and in 
Hong Kong govcmmenl policy has bttn laiss~::.-fairr. 
all have provided a sound policy environmcnl which 
encourages manufacluring. production. inveslment and 
export. as well as rapid change to mccl lhc challenge of 
alrering world markets. The Govemmenl of lhc Republic 

of K<na. for example. has had an active induslrial 
policy. providing support for its fulure comparative ad
vantage. Table 11.30 shows a lisl of prodlk.'tS thal il 
wishes lo market soon. One implication of lhc table is 
that lhc East-Asian NICs would no longer be considered 
in lhc developing-country category. 
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Tiii* IU9. Fonip dind ianAw• ia sellmd rwmries 
.... - ., Ema ... Sc.tll-Ema Asill. ,,._,,,. 

(Million dollars) 

Country or area 1986 1987 1988 1989 1990 1991 1986-1991 

N~'iy ~ cOUIUlia 
Republic of Korea 43S 601 871 7S8 71S 1 116 
Singapore 1 710 2 836 3 6SS 2770 J 861 J S84 
Taiwan Province 326 7IS 9S9 1604 1 330 I 271 

Total. A 2 471 4 IS2 s 48S s 132 s 906 s 971 

South-F.ast Asia 
Indonesia .:?~I' 38S S16 682 I 093 1 482 
Malaysia 489 4.?J 719 1668 2 Sl4 J 4S4 
Philippines 127 307 936 S6J S30 S44 
Thailand 263 3S2 1 lOS 1 77S 2 444 2 014 

Total. B I 137 I 467 3 336 4 688 6 SRI 7 494 

P«ific Islands 
Fiji 8 -11 23 13 7S 7 
Papua Sc• Guinea 91 93 IS3 203 
Solomon Islands -1 8 3 6 13 19 
Vanuatu 2 13 11 9 13 18 

Total. C 100 103 190 231 101 44 

Total. A. B and C 3 708 s 722 9 011 10 OSI 12 S88 13 S09 

Sourer: Asian Development Bank. Asian Dn-rlopmnu Oullook (Manila. 1993), p. 17. 

Table D.30. New producla targeted by tlle Republic of Kora 
ror commcrcializaaioa, 1993-2001 

Industry 

Automobiles 
n .. 1Cng1nccring 

C:::np;;rers 

Consumer clectronicsll 

Energy 
Manufacturing 

Materials 
Medicine 

Telecommunications 

Target dale 
Products for commercialization 

Electric car 
Advanced waste lrt"a1mcn1 
Allernatives 10 chloro-nuorocarbons 
Mullimedia computc:r.o 
Neural networks 
Voice recognition 
HDTV monitors 
HDTV transmiuion 
Flat panel displays 
l.ight-water nuclear reactor 
Computer integration 
ln1elligen1 manufacturing 
Alloys and polymers 
Generically engineered DNA 
Herbally based biotechnology 
Oenelirally engineered drugs 
Advanced switches (ATMs) 
Digilal network (ISDS) 

1996 

1994 
1997 
2000 
1993 
1994 
1997 
2001 
1996 
2000 
1997 
1993 
1996 
1997 
1996 
2001 

Snura: far f:asrmi f:conomic Rft!Ww, 8 April I ?93, p. 61. 
•

1 lll>TV • high-definition television. 

4 496 
18 416 
6 20S 

2~ 117 

4 476 
9 267 
3 007 
79SJ 

24 703 

11S 
S40 

48 
66 

769 

S4 S89 



J. China 

I. Short-ran 0111/ooA 

In 1992 GDP in China grew by ! 2.8 per l-Cnl and 
induslrial output increa'ied by 20.7 per l-Cnl. UNIDO 
exJICl1.." growth lo slow in the second half of 1993 and to 
register 10 per cenl in 1993 and 8.2 per l"Cnt in 1994. 
Growth of MV A is also expel"ted to slow down. lo 15 
per l"Cnl in 1993 and IO per l-Cnt in 1994. One factor. on 
the supply side. that l"l'lfltributed to rapid 1992 growth 
was the existence of substantial exl-ess manufacturing 
capacity. For example. estimated 1991 factory utili1.a
tion rates were 45.3 per l-Cnl for colour tele\·ision sets. 
40.1 per l-Cnl for washing-machines, and 39 per cent for 
tractors (371. In the case of tr:iclors. output wa" up 
19.5 per cent in !992. but this would still leave capacity 
utili1.ation well below what would be considered a nor
mal operating range. Other fast-growing manufacturing 
branches included cement at 22.6 per cent. machine tools 
at 40.6 per cent. and motor vehicles al 57.1 per cenl. all 
mea,.ured in units of physical output. W!lile eleclrici1y 
production wa" up 10.7 per cent and installed capacity 
increa'iCd by 15.9 per cent. overall fuel pmduc1ion grew 
by only 1.8 per cent. Growth rates in lighl and hea\·y 
industry were nearly iden1ical al 20.9 and 20.7 per cenl. 
The same wa'i true in 1991. when light induslry grew by 
14.5 per cenl and heavy industry by 13.9 per cent. While 
the expansion was led by induslry. services also in
creased slmngly. al nearly IO per cent. Agricultural out
put lagged behind al a much more modesl growth of 
3.7 per cenl. lhough this was also an improvemenl over 
1991 when it grew al 3.0 per cent. 

The highest growth rates of MV A and GDP were as
sociated with the southern coastal provinces. The Slate 
S1a1istical Board reported that 1992 GNP growlh reached 
20 per cenl in Guangdong province. The coastal prov
inces are the provinces which are most closely linked 10 
the global economy. in many cases through business 
connections in Hong Kong and Taiwan Province. Th~ 
upsurge in economic activity has been accompanied by a 
large increase in activity in lhe inlemalionai seclor. Ex
ports increased by 16.5 per cent and imports were up hy 
26.0 per cenl in 1992. These figures are lhe more re
markable, because China has already become a major 
trading economy. The comhined imports and exports of 
China now 101al more than lhose of any of lhe NICs 
except Hong Kong. The comhined trade of China plus 
Hong Kong would rank along side lhal of France and the 
United Kingdom among the lop ftve trading countries in 
lhe world. Foreign direct investment took off in 1992. 
registering a l!m per cent gain over 1991. A large part of 
this inveslmenl has come from Hong Kong and Taiwan 
Province, hut other countries are also represented. The 
number of transnational corporations without a presen~·e 
in China is decreasing rapidly. 

There are probably few risks in forecasting IO per cent 
GDP growth in 1993, hut the growth rate of R.2 per cent 
forecast for 1994 does carry some downward risks. 
Given the growth rate of 12.K per cent rl."gistered in 
1992, innation was remarkahly low for the country as a 
whole, only 5.4 per cen1, hut there was a large difference 
iu the rate al which urhan versus rural prices increased. 
In the rural areas prices rose only 4.7 per cenl during the 
year, while in urhan areas they increased hy I0.9 per 

~nl. Furthennore. the trend has been dearly upward. Al 
mid-year rril"CS in um.an areas in the fa .. t-gmwing south
ern pmviOl-es were reported lo be rising al annual ra:cs 
in ellcess of 20 per l-Cnl. As a result. in July 1993 lhe 
Gtwemment initialed a retrenchment pmgramme. With 
gmw~h in lhe first half of the year running al an esti
mated 14 per cenl. some wondered if the Govt'"mmenl 
had nol wailed loo llmg. The programme involved steps 
lo achie\·e the following (381: 

(t1) To call in loans for speculative projects. parlil:u
larly pmperty deals: 

(h) To guar.1.nlee sufficient fond" for loans for agri-
culture ;.nd important infra.'ilruclure projects; 

tel T•> complete g1wemmenl bond sales: 

(d) To raise inleres! rate'i; 

(ej Tu reduce government spending by 20 per cenl; 

If) To suspend further price refom1 for the rest of 
the year: 

(gJ To eliminate lhe issuance of IOUs to fanncrs; 

(/rJ To strengthen lhe central hank; 

(iJ To send central govemmenl work learns to locali
ties lo enforce directives; 

(j J To strengthen real-estate law and require devel
opers lo provide 20 per cent of units lo local residents. 

Removal of price conltols en a number of products 
and price increases for products still subject lo con1rols 
ha\·e contributed to inflation. However. since the share of 
output traded at controlled prices has diminislled. this 
source of inflation will wane in the remainder of 1993 
and beyond. Other sources of inflationary pressure in
clude holllenecks in supplies of some inlem1~diate and 
final goods. The labour cost situation is mixed. For some 
skill categories labour shortages are being reported. Al 
the same lime. some fim1s. particularly in the Stale sec
tor. are expected lo cut staff as they reorgani1.e in order 
to become more efficient. Electricity shortages have con
strained output in some areas. although both electricity 
production and installed capacity increased substantially 
in 1992. Transp.1rtation is also in short supply. Total 
road and rail freight increased by only J.R per cent in 
1992. and overall freight volume (rail. road. water and 
air) actually decreased by 1.0 per cent :n the first five 
months of 1993 relative to the same period of 1992 1391. 
This indicates a serious thre.11 lo future growth. There are 
some mitigating factors with respect to tran~portation. 

One 1s the pace of road construction, particularly in the 
rapidly growir>g southern provinces. The other is the fact 
that the prevailing freight schedules are reported to result 
in considerable misallocalion of capacity. A ra1ionali1A1-
tion of shipping rates could introduce gains that would 
help keep critical goods moving while additional freight
carrying capacity is being built. 

During the 1989 anti-inna1ion campaign there was 
very extensive direct intervention al the level of indi
vidual proje1:l'i and enlerprises lo slow growt!1. The cur
rent retrenchment programme is eApecled 10 give more 
emphasis lo general fiscal and mone'lary instmments. 
One conse11uence of .he 1989 austerit; programme was 
a large decrease in the number of private-enterprise es
lahlishments. In mid- I fJXK some 225.000 private eslah
lishmenls employed 3.6 million workers; following the 
I 9RIJ a11s1eri1y programme lherl." were only IJX,!K)O eslah-
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lishmenls. employing 17 million workers {(401. p. 221). 
Private enterprise will fare heller in lhe currenl relrench
menl progr.imme if greater emphasis is placed on 
macroeconomic aggregates such as the rale of growlh of 
lhe money supply and government spending and 1axa1ion 
levels. TrJde liberJlization measures that have been im
plemented in the lasl few years will also help to curb 
inflation. Fn.'l!r access to imports will help to alleviate 
supply boulenecks lhal would otherwise result in sharp 
price increases. 

2. l,onger-term prospects 

(a) High le~·e/s of inw.'stment and rapid growth 

The dominant factor in the long-lenn outlook for 
China is lhe large share of GDP that is being devoted lo 
capital fom1ation. Even during lhe 1970s investment in 
China averaged neariy a third of GDP. and GDP growth 
averaged 7.9 per cent. Since 1980 an increased share of 
GDP devoted lo investment has been coupled with eco
nomic relonns and an opening-up of lhe country to con
tacts with the res! of lhe world. As a result GDP growth 
increa.<ied to average JO per cenl since 1980. In the me
di?Jm term it seems likely that the growth trends estab
lished over the last decade will continue. China's de,·el
opmenl progress ov::r lhe nexl decade will have a major 
impact on lhe world. in lerms of inlemalional lrade. geo
politics and the effeds of its industrialization on the glo
bal environment. On the basis of GDP rnnverted to 
United Stales dollars al prevailing exchange rales. China 
ranks among lhe top IO economies in the world. Under 
this measure GDP would come oul to aboul $400 per 
capita. which in facl reflects a standard of living much 
lower than that enjoyed by the Chinese population. An 
alternative measure of output can be obtained from the 
United Nations lnternaiional Comparison Programme. 
which provides estimates at five-year intervals of t(ltal 
output measured at uniform international prices. Thus. 
for example. a bicycle of a specific type and quality 
would have the same ICP price no matter where in the 
world it was produced. Under such ICP prices, per capita 
GDP in China in 1992 would be equivalent lo $2.460. 
The International Monetary Fund has also developed a 
set of purchasing power parity prices, which it used to 
value GDP for China, as well as other countries [21 J. 
Under these prices, China in 1992 ranks as the world's 
third largest economy, behind the United States and 
Japan. 

Growth in China in the medium-term will depend on 
its continuing to devote a large portion of GDP to in
vestment. The course of the reform process and its trade 
and investment relationships with the rest of the world 
will also be important. The cumulative effel·t of reform 
measures implemented over the past 15 years has been 
profound, but there remains considerable growth impetus 
in the reform process. Both the extent of the reforms 
carried out so far and the way left to go are evident in 
nearly all areas. While State enterprises have heen given 
considerable leeway in making busines~ deci~ions and 
disposing of the profits they eam. there has been less 
emphasis on their accepting the consequences of bad 
decisions in terms of lo~scs. Village and township enter
prises operate almost entirely in the context of the market 
economy, with wide discretion in disposing of their prof
its, and they must generally absorh their losses. Rut aside 
from foreign joint ventures and farming, private enter-
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prise plays a very small rule. Pril"C refonn. though exten
sive. is not yet l·omplele. and further pril-C reforms were 
suspended during the second half of 1993 a.s part of the 
retrenchment programme. CentrJI plan allocations. im
plemented largely in 1em1s of specific inputs and outputs. 
continue to be important for Stale-owned enterprises. 
The system of public finan-.-e ha.s been refonned to allow 
taxes to repb .. -e profits a.-; the main source of central and 
local government revenues. but continues 10 rely too 
heavily on ad hoc firm-by-fim1 or industry-by-industry 
de1em1ina1ions of tax rates. 

Foreign exchange can be pun:hased anJ sold at mar
ket-determined rates in the swap market. and equity ex
changes have been set up to handle national and interna
tional transactions. But further financial reform. particu
larly in banking. is an urgent requirement. Lending 
through the Stale banking system ha.s been used to make 
up for revenue short falls in the State-owned enterprises. 
which by some estimates account for 80 per cent of all 
bank loans [ 41 ). In the current economic framework 
there are still too many constraints on the operatil>ns of 
such enterprises for pmfits and losses to be a valid indi
cator of whether they are being efficiently m:maged. But 
using the bar:'::ng system to allocate and fund subsidies 
has some drawbac:.s in relation lo financing subsidies 
directly out of tax revenues. Combining financial inter
mediation. regulation of the money supply and enterprise 
subsidy policj' may operate to the detriment of all three 
.. reas. Loans are not made on the basis of sound commer
cial or economic efficiency criteria; regulation of the 
money supply may be influenced by the quality of the 
loan portfolio of the State bank; and the criteria for allo
cating subsidies is obscured. 

For State-owned enterprises. the reform process so far 
has emphasized coaxing them into more efficient be
haviour by allowing them to charge market prices for 
that part of their production which is outside central plan 
allocations. and to retain after-tax profits to reinvest or 
pay out in higher wages or oonuses. One element in this 
scheme has been the dual price system. Under the dual 
price sys em the State-owned enterprises are required to 
produce a specific amount of output to meet allocations 
set under the central plan. Output prices are fixed under 
the plan. as are the prices of the inputs required to pro
duce the specific plan outputs. Input and output prices 
for enterprise production outside the plan are largely 
market-determined. One effect of the dual price system 
has been to induce the State-owned enterprises to con
centrate their efforts on those activities, outside the re
quired plan activities, in areas where the surplus of rev
enues over costs is greatest. It has given firms the oppor
tunity to move into areas where they can in effect prove 
that they are efficient producers on the basis of market 
criteria. But having two prices for the same commodi•y 
is not a long-run solution. It dilutes the effectiveness of 
market forces, and leads to socially wasteful effort being 
expended cm non-productive activities associated with 
exploiting the opportunities for gain under the dual price 
system, for example by devising "legal .. ways to buy 
inputs under central plan prices and sell them at market 
prices. Official policy statements, the desire to meet the 
conditions for memhership of GAIT and the mounting 
cost of suhsidizing State-owned enterprises would all 
seem to 'poin! in the direction of a smaller role for direct 
allocation of inputs and outputs under future central 
planning exercises. 



The: pmcess of industrialitation at the: rate at which it 
has been 0\.-curring in China bring-. rapid social change. 
Rising incomc:s. greater social and geogr.iphical mobility 
and impnn-emenlo; in nearly all the ba.~ic indicators of the 
qui!lity of life have ac1..·ompanied the industrialization 
process in China over the pa.o;t 15 years. Another social 
a.'ipect of industrialization is. a.-; the tern1 implies. the 
larger role of industry in the economy. The role of the 
sen ice sector also increases; it is agriculture that de
clines. During the liN few years following the introduc
tion of reforms. fann output and in1..·orne soared. yet op
portunities in the rest of the economy were sufficiently 
enticing to result in a large shift of workers away fmm 
the farm sector. Between 1978 and 1987 the pnlportion 
of the labour fon:e engaged in agriculture kll fmm 70.7 
to 60.1 per cent (421. More recently there have been 
reports of discontent with economic conditions in the 
rural areas. In part these seem to be related to the under
developed tax system. which farmers see as discrimina
tory. The government p;jctice of issuing IOUs instead of 
~a.'\h payments for State pun:ha...es of agricultural pro
duce ha.'i also not been well received. and one of the 
elements of the current retrenchment ha.o; been the aboli
tion or the practice. Better credit conditions for farmers 
is also an element of the retrenchwent. But none of this 
can alter the fact that industriali1.ation implies a move
ment or labour out or agriculture and into the industry 
and service sectors. While farm life has its attractions. so 
does life in the big city. and there may well be some 
movement of labour off the farm for reasons or lire-style 
preference. But the main incentive for labour to move 
out of agriculture is and will continue to be higher in
come opportunities off the farn1. In 1985 fann earnings 
were 58 per cent of the earnings of workers in the cities. 
and by 1991 had fallen to 42 per cent 138). Living ex
penses are higher in the cities. and have heen rising 
faster than iiving expenses in the countryside. so the 
income gap may not be as high or have widened as much 
as these figures would seem to indicate. But it does seem 
dear that industriaii1.ation will involve difficult social 
and political problems as the role of agriculture is dimin
ished. The solution is not to prop up farm income. While 
agricultural subsidies are affordable to the wealthy in
dustrial economies with only 2 to 3 per cent of the labour 
force engaged in agriculture. to prop up fann incomes by 
enough to make a difference in China, with over 50 per 

cent of the labour fon:e in agriculture. would he very 
costly. and cause a significant slowdown in develop
ment. 

(b) Tradt• anJ fim·ig11 direct inn•stmmt 

Despite the fact that Chi'la aJopted a policy of open
ness at the: time reforn1s were initialed. foreign inwst
m-:nt ha.'\ not played an especially important role. This 
seems likely to change. !n 1992. foreign direcl inwst
ment increa.'ied by 180 per cent. from $4 billion to 
S 11.2 billion. This represenl'i nearly 10 per cent or total 
gross do1nestic investment. and so adds to an already 
high level of capital forn1ation. But the main contribution 
of foreign direct investment in China is acl·ess tu tech
nology. marketing and management know-hnw that re
sults from the presence or international business. A large 
share of exports are generated by foreign finns with in
,·estments in China. An estimate for 1991 put the share 
<'f exports that occur through foreign finns at 25 per 
cent. and as a result of the surge in foreign direct invest
ment this share may now be approaching 35 per cent. 

A significant portion of foreign investment has been in 
-;mall-scale operations, similar to the enterprises that 
were important during the 1970s in fuelling the export 
drive or Taiwan Province. These investments provide 
access to business know-how in light industry and the 
service sector. Tourism and real estate are areas that have 
attracted a substantial amount of foreign investment. 
Gaining a presence in the manufacturing sector in China 
is important for some or these investors. but lhe major 
consideration for most is to take advantage of low wage 
costs. In m;1ny ca.'iCs the investors are from Taiwan Prov
ince or I long Kong. and are fleeing increasing labour 
costs at home. Investment from Singapore and the Re
p:iblic of Korea has also increased substantially over the 
past two years. Until recently over half of all foreign 
direct investment in China was officially listed as com
ing from Hong Kong. Often this was because outside 
investors wanted lo work through lru~ted panners in 
Hong Kong who were more fawiliar wi1h the business 
environment in China. Investors from Taiwan Province, 
who unt'.I recently were prohibited by law from most 
types of direct business dealings in China. channelled 
investments through corporations based in Hong Kong. 
Table 11.31 shows the distribution of conlracted foreign 
direct invesrmenl in China in terms of the major inveo;tor 

Table 0.31. Foreign dircc:t iawatmcat ia Cbina by rourc:e, 1979-1991 
(Contracted investment in million dollars) 

Investment source 1979-1984 1985 1986 l'J81 1988 1989 1990 1991 

Hong Kong 6 49S 4 134 I 449 2 466 4 033 3 64S 4 258 7 215 
Japan I 158 471 283 385 371 515 478 812 
t:nited States I O:?S 152 541 361 383 646 3"6 548 
Taiwan Province 100 420 480 I 000 
Singapore 117 77 141 80 137 148 107 155 
Australia 91 14 32 47 17 84 18 44 
Canada M 9 91 34 40 49 21 31 
Republic or Korea 0.1 1.8 6 5.4 14.5 47 

All 50urccs 11191 (, 333 3 330 4 319 6 191 6 294 6 986 11 977 

----
.'in11rce.f: Korean Overseas Trade As50t:iatton for data on the lkpublic of Korea; Xinhua News Agency for data 

on Taiwan Province; and China Resources Advertising Co .. Almanac of China·s Fnreifl' Relations and Trade (Rc1jing, 
variou• iHues), and Edward K.Y. Chen. "Foreign direct inve•1mcn1 in East Asia", Asian l>ew·lopment Rn·it'W, vol. 
11, No. I ( 1993), ta hie 13, for da ;a on <1lhcr economics. 
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'-"OUntries. Coolra\.'1ed foreign direct investment has 
tended lo eXl.°ttd the 3'."fUal flows by a sign;ficanl 
amount. sil1':e the contracts do not generally bind the 
parties to actu<?lly achieving tllc approved level of invest
ment. 

Foreign direct investment in labouf-inlcn":ve enter
prises is likely to be an important soun.."'C or gmwlh for 
tTh: Chinc..;c economy in the coming years. With its vast 
labour fon..-e and the desire to reduce employment kvels 
in overstaffed Stale enterprises. job creation is an impor
tant \.-OOSidcration. Over the long lcnn. it may have the 
potential for dcveloping,-ountry prodU\."'Crs in East and 
South-East Asia to genc:rate the same type or industrial 
growth in China that fuelled their own gro11111h a.-. Japan 
moved lab.>ur-intensive production offshore to the Re
public of Korea and other low-wage countries in the 
region. 

Transnational firms arc generally associated with 
larger projects that involve joint ventures with State
owncd enterprises. Most such investment comes rrom 
developed countries. mainly the United States and Japan. 
There have also been deals made with large firms from 
developing countries within the region for large-scale 
investment projects. The opportunities for technology 
tr.insfcr arc generally an important consideration from 
the Chinese side. and the potential for sales in the grow
ing Chinese domestic market are important considera
tions for the transnational corporations. For an example 
of training benefits that can be associated with 
transn-.tional joint ventures. sec box 11.5. 

(c) Trade cznd the Asian Jei·elopinx countries 

The exports of China have grown by over 15 per cent 
per year in each of the past six years except 1989. In 
1992 they incrca.'iCd by 16.5 per cent The Asian Devel
opment Bank is projecting growth al about 15 per cent 
for 1993 and 199-t as well. The growth or imports ha.'i 
been more uneven. dipping from 27 .4 per cent in 1988 to 
5.3 per cent in 1989. and to -13.3 per cent in 1990. In 
1991 and 1'>92 imports again shot up. increasing 18.5 per 
cent in 1991 and 26.0 per cent in 1992. The Asian 
Development Rank projects a growth in imports of about 
25 per cent in 1993 and 1994 ( (40). tables A 11 and 

-\12). Large inflows or foreign direct investment will 
minimize the risk a.~sociated with the trade deficit result
ing from the growth in imports. The sh;ire or exports that 
China sends to developing countries in Asia ilk.--rea.'iCti 
from 38.2 per cent in 1985 lo 55.4 per '--ent in 1991. 
There has also been a slight increase in the share or 
export~ going to the EC. The share of total exports to 
Japan fell from 22.3 per '--enl in 1985 to 14.3 per '--ent in 
1991. Exports lo other countries outside these thrtt 
regions a!so fell. from 22.5 to 12.0 per cent over the 
same period. mainly reflecting the \.-Ollapse or trade with 
the transition economics of F..astem Europe and the 
former USSR. The regional strlk.'1ure of imports ha." 
evolved in a similar way. In 1992. China soun:ed 61 per 
cent of its imports from the Asian region (46). 

The increase in Chinese import.'i from the Asian region 
has been an important soun:e or growth for the develop
ing economies of the region. The boom in Chinese im
ports ha.'i enabled developing countries or the region lo 
r1aintain growth in the export sector despite the slow
down in the United States and Europe. For NIC the 
expansion of the Chinese market ha.-. also provided the 
opportunity to increaw: export" i11 more technologically 
sophisticated and more capital-intensive goods. Rising 
labour costs in NICs have forced them to shift out of the 
manufacture of labour-intensive goods in order to remain 
internationally competitive. This is illu.'itrated in the ca'iC 
of Taiwan Province. Manufactures in four technologi
cally sophisticated industries accounted for two thirds or 
it'i expom to China in 1992. namely. synthetic fibres. 
machinery and equipment. pla.'itics materials, and electri
cal and electronic parts and components. Trade between 
China and the Republic of Korea. which established for
mal diplomatic relations in 1992. hao; been the most rap
idly growing bilateral flow in the region. The Republic 
of Korea's exports to China nearly doubled in 1992 lo 
$7 billion. 

In the medium term the pattern of trade among devel
oping countries or Easl and South-East Asia will con
tinue to emphasize the comparative advantages of NICs 
in manulacturing. and in parti~ular their move into more 
sophisticated products. But China will continue !o de
velop its manufacturing technology with the help of joint 
ventures with partners from NICs and from developed 

Box 11.5. Foreign direct investment and training: an example 
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While the scope for technology transfer includes a 
wide range of actnrities, employee training is one im
portant form that many transnational corporations can 
provide. For example, the German firm Siemens. after 
sending employees of its joint venture with Beijing In
ternational Switching Corporation to Germany for train
ing. found that the expense would be less if it estab
lished a training centre in China. Investing $25 million 
in establishing a training centre owned and operated 
by the Beijing municipal government, it trains several 
hundred employees a year at a fraction of the cost of 
sending staff to Germany for training. Other high-tech
nology transnational corporations have established 
similar facilities. Compaq has established a traiuing 
centre at Oinghua University, the leading technical 
university in China, operated along the same lines. 
Chinese universities have been encouraged to estab-

lish commercial operations in order lo supplement 
scarce governmental resources for higher educa.ion. 
0inghua University, for example. has some 40 to 50 
affiliated companies. and most of its 28 academic de
partments operate their own subsidiary companies as 
part of their normal operation!' ((43), [44]). Such train
ing ventures help to fill a critical need for skilled work
ers in China. which has one of the lowest perc.entages 
of workers with higher education in countries of East 
and South-East Asia. Only about 1 per cent of the 
Chinese population aged 25 and over has attained a 
university education. For comparison, ttle percentages 
in some other countries and areas in the region are: 
Philippines 15.2 per cent, Republic of Korea 8.9 per 
cent, Hong Kong 7.7 per cent, Malaysia 5.1 per cent, 
Singapore 3.4 per cent. Thailand 2.9 per cent. Viet 
Nam 1.2 per cent and Indonesia 0.8 per cent (45). 



'--uuntries. As it docs so, it will itself move inlo thc manu
facture of more sophisticated pnxllll."ts. In order to main
tain wage and productivity gmwth. NICs will have to 
l"'fllltinue to in,,·est in new lcchnolcgies in order to main
tain thcir 1.-omparalivc advanlage in these area"i in rela
tion to China. A recent World Banl investigation of 
China·., comparative advantage in foreign trade not~ 
that the rapid growth of export.<; of manufactures by the 
four Asian NICs during the 1970s and 1980s had a sig
cificanl effa.'1 on lhe structural adjustment problems in 
developed countnes (471. Similar growth in exports from 
China could have a much larger impat.'1. since it i."i a 
much larger a"Onomy. The key question, according to 
the Y"orld Bank sludy. is whether China will primarily 
com•.cte with other 1.·ountries in the region, or whether it 
wi!. produce opportunilies for further regional integra
tion. The answer so far is that China will do both. In 

order to take advantage of the emergence of China as a 
major player in the international economy. NICs will 
have to give up thcir c.-omparativc advantage in labour
intcnsive manufacturing. But as Ibey move into more 
capital- and technology-intensive manufacturing. they 
will for a time at least have a major opportunity in sup
plying these goods to thc Chinese mark.ct. For the devel
oping a"OllOmics of thc region. the story is somewhat 
different. It seems likely that Ibey will be forced to com
pete head on with China in international markets from 
the outset. Whether this will slow their development or 
not depends on how competitive they will be in attract
ing foreign direct investment and in mobilizing domestic 
labour and capital resources. Growth in the region will 
furnish an expanding market and opportunity for all to 
gain from trade. but some: will position themselves better 
than others to gain from thc opportunity. 
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III. Trade and industrialization 

A. Oftniew 

Trade and industrialization have been metaphorically 
described as the Siamese twins in development literature. 
One can hardly be discussed in isolation from the other. 
However, in m:cnt years there has been a fundamental 
shift in the way economists and policy makers think 
about the symbiotic relationship between trade and 
industrialization. and panicularly the role or tradc in in
dustrialization. The key notions seem to be the demise or 
the inward-looking import ~ubstitution industrialization 
(ISi) slralegy based on State intervention and the asccn
dar.cy of lradc liberalization and the uport-oriented 
industrialization (EOI) slralegy based on free-market 
principles. 

"Getting :he prices right" is clearly the slogan of the 
day. Market rcfonns and lradc liberalization have been 
the heart of stabilization and adjustment programmes 
supporled by IMF and the World Bank in developing 
countries. In particular, inward-looking industrialization 
through aid has been replaced by outward-oriented in
dustrialization through trade. The crucial questions con
cern: the universality of the efficacy of free-market 
and frec-lradc principles across economics regardless of 
the level or industriali1.ation and social and economic 
conditions; and the relative importance or trade as 
opposed to non-lrade factors in accelerating industria
lization. 

Moreover, recent rapid changes in the global eco
nomic environment have considerably altered the tradi
tiona! role of trade and its relative importance a<1 an in
strument to promote industrialization in both devclopeJ 
and developing countries. The increa.'iCd globalization of 
production and investment lubricated by the worldwide 
integration of financial and capital markets raises som! 
fundamental questions about the validity and relevance 
of traditional lradc policy instruments which are fonnu
lated on the basis of a conceptual distinction between 
national firms and foreign enterprises. In developed 
countries. ever-increa'iing foreign direct investment 
(Fl>I) and on-site production, partly motivated by the 
desire to circumvent mounting protectionism and ensure 
a market share, as in the ca'iC of Japanese inves'iments in 
the United States and Europe in recent years, present an 
alternative to tr3de between developed countries, and 
would reduce its volume. On the other hand, FDI in 
developing countries is often auracted by lower labour 
costs and access to raw materials. with a substantial 
part of the output being re-exported, as in the case of 
Japanese inveil!ments in South-East Asia. and hence 
may increase the volume of exports from developing 
countries. 

More signifk:<llltly. according to a recent United Na
tions study [ 11. transnational corporations. which arc 
currently rnimatcd to number around 37,000, accumu
lated more than $2 trillion• worth of foreign direct in
vestment with the addition of $150 billi<'n in 1992. They 
accounted for one third of all private-sector producti¥e 
assets all over the world. Moreover. for the first time in 
history. foreign sales by tr.msnational corporations 
reached $5.5 trillioo. which exceeded total world cxpons 
of around $4 trillion in 1992. It is unc.:rtain, however, 
how much uf the total sales by transnational corporations 
outside their countries arc for the domestic markets of 
host ceo.mtries, as in the case of Jolpancsc FDI in the 
United Stales, and how much of the sales arc for re
exports, as in the case of Japanese FDI in South-East 
Asia. From the perspective of the corporations, FDI is an 
allemative to cxpon<1, but from the viewpoint of the re
cipient country. FDI is viewed as either a vehicle for 
promoting exports or for increasing production for do
mestic consumption. Whether trade-augmenting or do
mestic-consumption-augmenting. policy issues related to 
FDI seem to have an importance equal to. if nOI greater 
than, that of trade barriers and other lrade issues. 

The present chapter provides a comparati\·e asscs.<1-
mcnt of the validity and relevance of export-led industria
lization strategics in selected Asia-Pacific countries and 
sub-Saharan African countries. In particular, the study 
focuses on the implications of greater reliance on market 
forces and the role of the State in industriali1.ation via 
trade in the two vastly different cootexls of the Asia
Pacific region and sub-Saharan Africa. Some major con
ccpt!.!al issues in trade and industriali1.ation arc examined 
in section 8. A quantitative analysis of the relationship 
between lradc and industriali1.ation in the Asia-Pacific 
region is provided in section C. The 1975 and 1985 in
ternational input-output tables linking several Asia-Pa
cific developing countries with Japan and the United 
States through their respective import matrices arc used 
to gauge not only the relative importance of imports and 
exports to industrial growth a<1 opposed to non-trac.'e fac
tors such as domestic markets. import substitution and 
technological change. but also the extent of external 
interindustry linkages and economic interdepcnJence 
achieved in this region. A similar problem in sub-Saha
ran Africa is dealt with in section r>. bul with lc:'i!i quan
titative analysis becau'iC of limited data. The study con
cludes with trade and industrial policy implications of 
empirical findings anJ possible lesMJns for sub-Saharan 
Africa from the Asia-Pacific experience. 

• 1 1rilhon = 1,000 h1lhnn. 

RI 



B. Conttptual mues 

The rdalinnship betw«n tradc and inJustrializ.alion 
~.as ~n a lnpi~ of inlcn.'< dehalc. of1cn charged willt 
11.kt~og1~al passion. in lhe lilcr.aturc of dc\-clopmcnl C\."O

~m1cs tor lhe sc~cral decades. It is beyond lhe sc• of 
this s1uJy to pn)\·1de a comprehensive survey or a volu
minou.-. litcralure tm lhe subja.'1. • Instead. th: sludy will 
focus ua a balancc<l iUl.llysis or sclc..'"ted key issues in 
tra~ anJ industriali1.ation. and derive th:ir policy impli· 
calmns. 

Wilhin lhe la.-.1 decade. the dominanl t~inking in devel
opment economics focused on th: central role of the 
Stale in economic devdopmenl and a widc'JlrCad 3\."CCpl

ance or the managed ai.J even planll('\f a.·onom) has 
been replat:c:d !•!' the supremacy of rile .. ncoclassical 
school-. with greater reliam""C on madd fon:c· . :d con
sequent economic illl<I trade lihcrali1:ition. In .;,c earlier 
decades. from the 1950s lo 1970s. the stron:.: ••• le of w 
State in the prncess or economic dcvelopmc~ . .-a.-. prcdi
c;.tcd on the theory of market failures anJ extel'll4!1itie>. 
The C3.\C for the f~ market S\-stem a.s a ffiCall\ of 
achieving the dynamic optimal odlo1:ation of tt".ources 
and welfare maximi1.alion undt:r a set of intriclive as
sum~ions can be hardly disputed. Arovc all, lhc market 
pm_,·ides a deccntralit.cd and efficient system of cClOrdi
natmg and reconciling million.s of decisions taken dailv 
l)y countless economic agenb in an economy. Guided by 
lh~ .. invisible hand .. of self-interest. the market imparts 
s_umulu.s 10 g~ow_1h and 1echn:cal ..:hange lhrough incen
l1\'es and nex1h1hly. and leads lo a harm.my between the 
pursu.-nce of indi"·idual self-inlerest and collective social 
welfare. while cn•mring a fairly dose relaliom•hip be
lw_een_ cosls and prices. that is. a competitive equilibrium 
p~cl" 1s l"qUal h> marginal coo;I and a\·cragc cost. It is nol 
d1ffo.:ult lo sec why Adam Smith. in his classic hook Th' 
'Wt'ulth 11/ N111ions en\·isioned the role of the State nar
rowly confined to defence. law and order. provision of 
puhlic goods and enforcing competition. The remaining 
"·a.o;t area of economic affairs is left to lhc guidance of 
lt1i.ue:.-fi1irt• or free market forces. 
. It is equally nidcnt. however. 1ha1 certain precondi

tions ha\·e to he met for the price mechanism to achie\·c 
1he optimal dynamic resource allocalion and produclion. 
As cog~ntly explained by Scitonky [4). 1hey include 
complclc and functioning ntarkcls. which cnlails: perfect 
mfom1a11on and resource mobility with numerous eco
nomic agents. none of which is big enough to innucnce 
prices and conditions in all markcls whclhcr prod•Jct. 
labour. financial or capi1al markets; an absence of econo
mics of ..calc; and complcle lradeability. Obviously. these 
prc..:ondilions rarely exist in reali1y. In fact. there arc 
many so-called specific "'m;irkcl failures" and extemali
lics which may rc,ult in a 'if>eially suhoptimal allocation 
o~ _resources in 1he ahscncc of corrective polices. Many 
d1lfcrcn1 form-. of market failure could he idcnlificd. An 
oflen-ci1cd example io; labour market distortions resulling 
from lahour !raining cxlcmalitic,. Namely. lhc hcnt'fil of 
lahour lraimng cannol he appropriated hy lhc firm. since 

"h>r nll'O\l\C' rrlrrrna• 1n lht h1rr.11111r . ..,. .. II P.i.-k (21 c; K. 
llt'llrinrr J IJ; .in<I p.1~n prr..,.nlr1I di lhc' Wnrl<I ln•llllllC' fnr l>l'>C'lop· 
nK"nl l·..-nnonur• Rr<t'ar,·h 1Wll>l·.R1C'nnft'rt'll<'.C'1>11 TriMlt- anJ lndu•· 
1rial11.111nn Rt'cnn•11kml. held al Ouawa fr•>m ~ lo 7 ~J'IC'ml>t-1 I 9'111. 
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~~ labour may move to ~her firms after a period oi 
training. This may cau~ firms to in,·cst in training less 
~han al the soc:ally desired le\·cl. There are also leg;illy 
1:-tposd ,1- in.'ilitutional barriers to pcricct functioning of 
t~ l_abour markel. such as a minimum w~e or the bar
gaining power of trade unioo..-.. keeping urban and indus
trial wages higher and their employment lower than 
wi."OUld be in the absence of sud1 barriers. Sa-ond. th...--rc 
aR irafonnational and technological externalities asso
c.."iated with aL-tivities of entrepreneurs related to the de
,·elopmcnt of new 1cchniqucs of prodlll."tioo or explora
tioo of new markets whose benefits can acc..-ruc to other 
entrc~neurs at no cost. and hence may fon . .: •ht>m to 
undenn\-cst and unJcrpmduce. Third. in case of scale 
cconomit"li. the firm prodlk."CS at the point \\·nere price 
equals ~verage costs. but 1s less 1han marginal costs. lltus 
producing less lltan at lhc socially oprimal level. Fourllt. 
fin:mcial and capilal markets arc inadequalcly developed 
t1~ induce l1mg_-term indu!>trial investment in many coun
tncs. and particularly in developing countries.• 

It is againsl lltis hackdrop of hotly debated market 
imperfcc..1i1ms thal the Latin American structuralists and 
other dcvelopmcnl economists emerged in the 1950s. 
beginning ,_-ith lhc works of Prebisch [61. Singer 171 and 
Hirschman (8(. Among other things. they emphasi1.cd 
structural rigiditi~s ~ in.stitutional baniers preventing 
the smooth funcllonmg of free market systems. Public 
intcrrention is. therefore. required tll remove these bottle
neck~ ~create an environment conducive to the perfect 
funcllomng of free market systems. Such public intcr
~cnti~ wa'i ~ustificrl particularly at the initial stages of 
111dustnah1.at1on where market imperfections can be 
1111.~rc pcrva'iivc lltan al l<!:~r stages of dev·lopmenl charac
tenzed by greater economic inlegration. 

The structuralist"s advocacy of the active role of lhc 
State in iniliating and accelerating industriali1.ation in the 
I Q5fls and I %0s had given rise to an avalanche of nco
da,.sical reactions culminaling in the recent dominance 
of neoda'isical thinking firmly embedded in rrce marker 
principles. free trade and minimum public intervenlion. 
The lheory of developmcnl economics which wao; con
strucled around active State intervention was anackcd on 
various fronts. Most of all. the neoclassical critique ar
g~s lhal market distortion<> p~r .fe do Wll pn>\'idc the 
ra11onalc for State intervention. even if 1he sources of 
such distortions arc identified aod their quantilativc im
portance can be gauged. tasks which are cxrrcmcly dif
ficult to perform. The representative view of lhc new 
~oclas.'iical 5Chool is that public intcrvenlion not only 
fails lo correct market distortions, bur al!iO would exac
erbate the problem. In short. government failures arc 
~orsc llt~n market failures [91. (IOI. Moreover, public 
mtervcnt1on would create breeding ground" for rent
secking activities or "directly unprodu .. tivc profit-seek
ing"' activities in Bhagwali's terms [ 111. Namely. s.:cking 
government favours and compc'tition for government 
conlracts and other largesse will distort normal economic 
aclivity. which will lc;id 10 the suboptimal alloca1ion of 
resources. 

The crux of !he is•me surrmmding lhe cnnlroversy on 
lhe S1;uc versus lhc markel hclwcen tradilional dcvclop
mcnl economists and ne1>elassical followers seems 10 lie 
in lhc ahilily of lhe Slate lo ""get lhings righl" and bring 

•f1>r a morr complete d1<.:11<-1on on IM '""JC'CI. "4.'f rlan1 kodnk 
l~I 



about structural change :JY 'ntervoention. The ncocl:\.S..~ical 
critique shows profound distrust in active public policy 
to t."Ufl'CCt market failures. ,.-hile d.!velopmcnt e.:"nomisls 
b.J.,,-e implicitly assumed lhc unlimited capacity of the 
State to dim..'l the development proc~. In many cases. 
li~vdopmcnt a.-onortists t.'OITC.-tly pinpointed the causes 
of undcrdevelopmcn:. but l-Ontributcd iittle in the way of 
eitplaining how. when and where to intervene. or devel
oping ;. cohcn-nt theory of policy intervention valid for 
diverse economic and social conditions. 

Empirical e\·idell\.-C on the relationship between active 
Swc inte"'enlion and C\:onomic de,,·elopment is not con
clusive. On one hand. there att a few Cl.'"OllOlllies like that 
of Hong Kong which has thrived on the relatively 
laisst>:.-fairt> free markets and free trade regimes. On the 
other hand. tllere arc a number of succcs.\ stories as well 
a:> failures associated with active State intervention in the 
Cl.•)nomy. Today f\"w doubt that many of the successful 
Ea"t and South-Ea.o;t Asian industriali1.cd countries and 
arcao; such a.'i Japan. the Republic of Korea. Taiwan 
Province and most of the ASEAN countries were 
str•mgly intcrventilmist. In particular. at the early stages 
of induo;trialization in the 1960s and 1970s. the Republic 
of Korea heavily supported citport indu.o;tries through 
citport subsidies and other financial incentives. while 
shielding these industries from foreign competition in the 
doriestic markets where their products were allowed to 
be sold at prices higher than world market prices. In fact. 
Amsden ( 12) argues that the relative prices were manipu
lated on purpose to shift resources to the key targeted 
sectors. This is a direct contradiction of the principle of 
''getting pr:ces righC 

The scope for interw·ntion seems to depend on the 
stages of indL·striali1.ation at which a giv'!n economy 
fii,do; itself. Ba<ie:d on his study of European industriali-
1.ation. Gcrschenkron argued long ago that the nature and 
eittent of State intervention would change al different 
stage" of indu~triali1.ation. Al the initial stage. where 
ther;: arc no functioning markets. the State has to .:ngage 
in pump-priming to mobilize resources to create an envi
ronment conduc!ve 10 the smooth functioning of market 
systems ( 131. On lhe other hand, a.o; the economy ad
vances along the 1rajcc1ory of industriali1.ation. and its 
struclure becomes more compleit and sophislicated. lhe 
ta.'ik of selective policy in1ervcntion aimed at specific 
sectors becomes increasingly difficult to implement with
out unfore!ie:en distortions in other sectors. In the ad
vanced stages of industriali1.a1ion, the role of the Stale 
will be highly restriclcd 10 eslablishing and mainlaining 
a competilive environment for private enterprise. and the 
resource allocation wil! tw primarily guided hy price sig
nals and market incenti\'e ... 

One important mlcrvenrion at lhe initial stage of in
dustriali1:a1ion is puhlic inveslmenl in infraslruclure for 
tran!>port. communication and ulilitics. and inslitution
huilding for the development of an indigenous husiness 
claso;, educational and legal sys:ems and financial and 
capital market... lnfra~lructure and instilution-huilding 
"'ould he a rrecondilion for huihling the indu'itrial sup
ply capacity. A correct price signal alone may not he 
sufficient 10 induce and enhance induo;trial supply capa
city without adequate physical and social infrastructure 
and ins1i1u1ions. In lhis regard. ii must he emphasi1.ed 
lhal public inveslment should he viewed as complc· 
menlary to private inve'ilmcnl. since lhe availahilily of 
adcquale infraslruclure services may he a necessary 

cor.ditior1 for inducing pri,,·atc capital inn·s1mcnt. where
as put-lie invcstmcnl may -crnwd out"' pri,,·atc capital and 
raise interest rat~ in industriali1al countries with well
developcd infra.,.tructure and other supporting systems. 

State intervention is ob\'iously nOl a panacea for extri
cating the economy fmm the viciou~ circle of underde
velopment. As "-orrectly pointed out by the neocla.,.sical 
school. there arc many historical ca.~ where bad go\'
emmcnt ~aiptions have pro,,·en to wor.;en the disea'IC 
that they attempted to cu"". Yet. there an: also a number 
of success stories of ac:tiw government inter,,.enlinn in 
the development pn.lCC'is, particularly in fat.'il Asia.• The 
question is not whether State intervention per se is ,!!Ond 
or bad. but what matteN is the nature and quality of 
intervention. In the final analysis. there is no better aher
nati,,-e to the free market and free trat!e to stimulate and 
sustain indu.o;triali1.alion and economic gmwlh. As em
phao;ized earlier. ..getting prices right"' alone is not 
enough to set in motion the market fon.-cs in ma'ly de,·cl
oping countries. Many structural and institutional bar
riers or r.tarkct failures have to be removed before free 
market principles could be applied. Perhaps. the State 
alone may be a sole economic agenl to carry out the task 
of laying down the foundation for the workm)! of capi
talism in the early stages of industriali1.a!i1m. However. 
the outcome of such intervention will depend critically 
not only on the strong political commitment to refonns. 
but also on the objective of intervention. for instance. the 
development of an inward- or outward-oriented economy. 
and above all on lhc capability of the State to iniliate and 
guide ;;:ructural transfonnat1tln leading to the funclioning 
of free markets. In the pa.'it. active policy interventions in 
most East Asian countries were targeted at the creation 
of competitive eitport industries and an outward-oriented 
economy c.fler the initial phase of impon substitution. 
This process wao; considerably facilitated hy two factors: 
t!!c political commitment 10 change; and the existence of 
efficient government machinery which is capahle of m·er· 
riding the pressure of vested interest groups and of dis
ciplining various economic actors to implement techno
cratic policies. In many other developing countries. State 
intervention was equally acti,,·e. hut failed often hy mis
directing efforts at an unsustainable strategy such as 
inward-looking indus1riali1a1ion compounded hy the 
problem of relatively weak government c;1paci1y and 
lack of political commitment to pur<11c a coht"renl policy. 

1. Trtule regime and indu.'itrialization 

It is evident from the foregoing dio;cussion that lhe 
nature and extent of Stale inlervenlmn should differ suh
slantially. depending on the kind of ".1d11~1rial straleJ!y 
and trade regime ado11ted. For inslam:e. an ISi stralrgy 
hy nature relics on market restriction to protect Jomcslic 
industries from external compclilinn, and henl·e the na
ture of Slate intervention has an anli·expon hiao;. On the 
other hand. EOI may require the kind of State inler
vention lhal facilitates the lran .. fonnalion or pmlel"led 
domestic indu,.tries into competitive expon industries. 
Therefore. incentive stniclures and implications for rent-

•fol' a rtn•nl (omraraltVt <Indy nn pl'rVd<l\t ~owmmtnl tnltf· 
vrnlton in rivr A"dn counlnc<. lndnnr<ia. M~l~)<ia. Rrrul>lio: or 
Knrn. Stnjtapnrt and Thailand. "°r Yurn. :, I'.. S Sudo and fl <"rc>nr 
(141. 



seeking a.:ti\ ities ,,f spe..-ial interest gm11ps are likely to 
Jiffer markedly for both strategics_ 
~ onkr of the Jay is unJoubtcJly EOI str.uegy. It 

must he mllcJ. howe\·er. that export promotion U.'\Ually 
means ma:iufa.:turcJ exports. exduJing exports of pri
mary proJu.:ts. It is wdl known that raw materials ex
port.' .:oulJ not provi~ a viable growth st.r.i.tegy. because 
of low pri.:e anJ iocome da.,ticitics of dcmanJ for pri
mary got>t.ls relati\·e to manufacture-• good"- Commodity 
exports may not only he subject to a frequent boom-bust 
cyde char.icterilcJ by \"iolent pril'l! nuctuation'i. but also 
their export rewnues may fall short of manufactured 
import b11lo; in the long run. Worse yet. any productivity 
in..-rea...e in raw m01terials woulJ depress world com
modity prices instead 11l generating iocome anJ employ
ment gains in the pmJucer country.• This study is 
mainly ctm.:emcJ with manufactured exports. anJ heoce 
e:1.ports hereafter refer to manufactured exp.)rts rather 
than export' in general. unless otherwise sp-...-cified. 

In recent years. attention ha.'i been increa.'iingly focused 
on the link between exports anJ inJustriali1.atilm in the 
light of recent export-led succes.." stories in Ea_._t A~ia. 
The farnurahle effects of EOI strategy are numerous anJ 
Jiscusscd extensively in the literature_ ~y include. 
among other things. pmmotin~ efficient resource allo
cation. exploiting economies of scale. removing foreign 
exchange constraints. stimulating competition. gene
:ating production externalities (such a." the creation of 
new skills anJ technological upgrading). facilitating tech
nology transfer. limiting the U.'il': of quantitati\·e restric
tions. remm ing the distortions of economic incenti\·es 
caused by such restrictions. and above all. faster produc
tivity gr.1wth. 

It seems. however. that the link between exporl'i and 
proJu::tivity is central to the EOI strategy. Manufactured 
exports may increase industrial productivity from three 
possible sour..:es. The first source is productivity gains 
resulling frnm imprm·eJ resource allocation. l:.xports and 
foreign competition could fon:e a resource transfer from 
less productive sectors to more productive ones. The 
second source of industrial productivity J?rowth consist'\ 
in an improwment in technical dfi.:iency. involving a 
potential output increase for the same inputs. The thirrl 
source of industrial productivity in.:reasc linked to manu
factured exports is through lifting scale efficiency. that 
io;, a potential efficiency gain in production resulting not 
only from greater capacity utilization in indusiries where 
the minimum efficiency site is large relati,-e to the do
mesric market. hut abo from moving the optimum scale 
itself from one level to another as exports expand. 

Empirical evidence seems to ~uggest that industrial 
perfomiance is likci) to he affected hy trade more 
through allocative efficiency than through technical effi
ciency. particularly at the early stages of an export orien· 
talion ([ 151. [ 161>. However. as a country advances along 
the path of EOI strategy. the potential efficiency gain 
from reallocatin~ di~llllilihrium factor markers will rap
idly dimini\h, and any further gain in real income has lo 
rnme from 1mprovt'd tc.:hnical cfliciency or total factor 
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pn.Juctivity grnwth. :1.'i in the ca..-.e of the EL't Asi3n 
countries. In short. export-lied ir.Justrial growth from 
be:!er allocation nf rcsoun.--es may he limited to its early 
stages of export orienUtilm. and further sustained gmwth 
must be dri\·en by pnxfl.L·~;~ity growth or imprll\·cJ tech
r.ical efficieocy. However. empirical e\·idem.--e is not con
clusive on whether export orientation w-ould generate 
gn:ater pruJd\."tivity growth than import substitution ( 171. 

The pnx."C"S of tr.Ide-induced technical change in the 
manuf:lf..'turing sector is not well understood and a better 
understomding of the pnx"CSs is often hinden:d by the 
COlk.'Cpl of a mythical representative firm. a.'i described in 
tr;;.Jitional economic theory. In reality. efficient and in
novative fimL'i are distributed unevenly acnKS all inJrn;
tries. and the distribution of such finns will determine 
the technical efficiency of the inJustry ir1 qucstilm . .mJ 
not ,-ice versa. In this regard. it ha." been suggested that 
an export orientation may facilitate the exit of inefficient 
firms anJ the gmwth of efficient finns through exposure 
to elllemal competitioo. which will ieaJ to impmvemcnl'i 
in the general level of technical efficiency and miuctiom 
in the 3':nw•-the-fim;s dispersion in technical efficiency. 
but the patterns of exit and entry of firms arc not dearly 
a.'isociateJ with t.r.J.de orientation [ 18J_ Ultimately. indus
trial productivity and not trade per u will serve a.'i an 
engine of growth in the long run. and how tr.Ide will 
affect industrial productivity beyond the initial stimu
lating effects of n:source reallocation is not yet wdl 
understood_ 

h is widely accepted that certain preconditions need to 
be est:iblished befon: launching an EOI st.r.i.tegy. Above 
all. export supply capabilities could be bi.ill up by pro
viding a period of protection for !iO-CallcJ "infant indu.'i
tries" in the domestic market. Almost every successful 
exporter started with import substitution of light con
sumer goods. The rationale for the infant industry argu
ment is that the period of prOlection is provided to in
crea..e technical efficiency and improve the competitive 
edge in the world market. It is ba.o;ed on the premise that 
it is worth taking the risk of "getting prices wrong" 
through tariffs. other protections. and domestic price 
controls temporarily in order to reap the dynamic bene
fits of the production externalities associated with econo
mies of scale. learning by doing. and other elements of 
productivity growth. The key element in the infant indus
try argument is a relatively quick transition of protected 
industries producing for the domestic market to exports, 
supported by the political will to pha.'iC out protection for 
laggards, once produc\ion externalities and leaming-by
doing potentials are exhausted or suhstantially reduced. 
Otherwise. the strategy of infant industry protection is 
doomed to failure through perpetuating the production 
inefficiency of protected industries. The cost of pro
tracted protection could he indeed considerahle in terms 
of anificially high profits maintained for the pmtected 
firms. higher costs of local inputs induced by the higher 
costs of importeJ inputs. and higher production cost\ 
associated with a lower scale of pmduction for small 
dome\tic markets. apar1 from social and political impli
cations of en~·ouraging unproductive rent-seeking activi
ties. 

The Republic of Korea is often citeJ as .1 successful 
example of selective protection and promotion of infant 
industries and \Uh~quent rapid tran'iformalion of these 
industries to export capabilities with interventionist 
tariffs and r:xport suhsidie'I. Such a transformation in the 



R~puhlic of K•m:a in a rclali\~ly short period :>f time 
,,,,.as possihk ~ause of the existelk.~ of a skilled labour 
fon.~ and rapid capitoal accumulation embodying the 
leading edge of "l>rld technology. and most important of 
all. the capac:ity of the State to discipline and lead the 
private sa:lor toward export promotion. The experience 
of the Republic of Korea may not pnwide a good model 
for other countri~. if the competent slewanlsh1p of Gm·
emment over the pri,·a1e sa:tor docs not exist. Ho~vcr. 
i! poinL.; :among other factors •o the crucial importalk.~ of 
the dedication and commitment of the State to a"lmomic 
development and its c:ip:icity to guide stroctural transfor
mation from protn1cd ISi strategy to :i mtm: open EOI 
strategy at the initial stages of industriali1.ation. In par
ticular. it scents ~scnlial lo ha\·c a beu~r underslolnding 
of the political economy of protection an:J how the ad
ministrative capacity lo design and im~lcmcnl cxport
targelcd policy interventions is developed. 

It is argued lhal trade-related refonns. and particularly 
import liberaliz:ilion. arc necessary conditions for export 
promotion because producers will not be induced 10 
compclc in foreign markcl'i while protecled domestic 
markets offer them a.'isurcd profits. There is no empirical 
support for lhis argument In Sierra l..conc and many 
other African countries import liberaliz:ition wa.'i intro
duced in 1980s. hut abandoned ~n after a surge of 
imports for which foreign finance could nOl he found 
( 19). This is :i typic:il problem encountered when a small 
undi,;crsified economy with :i small manufacturing ba'iC 
hbcralizes trade. What is needed most bcfore under
taking 1rade-rcla1cd refonns at the early stages of indus-
1riali1.a1ion is lhe build-up of supply capability. The con
ventional wisdom is thal import substitution preceded 
export promotion 10 Jc,,·clop supply capability. which 
underpins strong growth of manufactured exports in the 
long run. In fact. it may he logical lo introduce import 
liberali1A11i1m except for imported inputs only after domes
tic supply capability is sufficiently developed and a suc
cessful export drive is launched. Perhaps the delihcnte 
managed pace of import liberali1.a1ion in step with the 
export drive a.'i opposed 10 a so-called big-bang approach 
to trade liberali1.a1ion may warrant serious consideration_ 
Well after an export ba...c is firmly anchored, managed 
trade lihcrali1.ation may be achieved through a combina
tion of lime-phased relaxation of import controls. sclcc
rive openirig of domestic markets for foreign suppliers. 
ra1ionali1:ing the lariff structure. e'itabli'ihing a realistic 
exchange rate, more transparent effecti,-c protection via 
1ariffs rather than quantitative restrictions etc. In this 
manner. a foreign exchange 'i<fUCC/.C could he avoided hy 
the use of growing ci1pon revenuei; lo pay for the in
creasing imported input'i needed for the export drive. 

On the other hand. the Rig-Rang approach lo trade 
reform may estahlish the overall credibility of the reform 
programme and lay the foundalions for su'ilaincd growth 
at the early slJges of development. However, the succ,..,s 
of such a radical approach may depend not only on the 
political commitment to undenakc drasric reforms, bur 
al..u on the ahility of the bureaucracy to formulate a:id 
implcmcnl the rcfonn programme as well as the avail
ability of an adequate induslrial supply capability. For 
most deveioping countries with a relatively nar.-ow 
manufacturing base. the radical approach may nm lhe 
risk of 'iCVcrc halance-of-paymenl deficil.'i and macro
economic problem-; such as hyperinOalion due 10 a 
limited domei>lic supply capability. The export rcspon'iCs 

of an C\."004.>my with a limited ma.nuf3\."turing cap;K:ity lo 
real exchange rate changes woold ob\·iou'>ly ~ almost 
nil. 

The first necessary step in the EOI strategy a~al'i 10 
be the development of export "upply capahilitics c,·en 
before l."l.msidering trade reform. Price sig;ial.. sul.·h a_.; 

realistic e'change r.ales favouring pmdoctiun for export 
arc na-cssary but i1t'iufficien1 for huilding an c'pon txt-.c. 
The ba.sic l.-.mditions for rapid industriali1a1iun must he 
laid down first. They include many interrelated fOk.1<1['. 
"·hich arc not directly related to trade and pnxcdc the 
design of a policy framework. for expc'll pmmotion. 
For instaoce. the ba."ic physical infra.-.truc1ure-transpc>r1. 
communication. waler. ga.'i. clcctricily elc.-is csscnlial 
for manuf&K.1uring. On the intangihle side. hum;m capital 
accumulation and skill de"·elopmcnl through edocatinn 
and training along with the development of an entrepre
neurial class arc equally. if not more. important Closely 
related lo human capital development is a concomitanl 
development and continuous upgrading of technological 
absorptive cap:icily to a.'isimilate the l.atest technology. 
and prodlk.'1 deiign capacity through institution-building 
for science and technology. lnstitution-buildin!,! should 
also include a key clement of development. namely the 
development of efficient public admi:iistrali1m along 
with a cmps of competent tcchnocr.tls. 

The initial ta.'ik of building human capital. physical 
infrastructure. and econom:..:- and social in:>litulions. 11ften 
from scratch a.'i in the case- of many African developing 
countries. is undoubtedly a daunring and limc-l.onsuming 
proce'is. The development of social overheads. institu
tions and human resou1ces is precisely the area \l.·nerc 
market failures cxist. and cffr.:icnl Stale inlen·ention 
rather than non-intcn·ention may he called for. However. 
a large number of developing countries and particularly 
those al the initial stages nf industriali1~tion may lack the 
administrative capacity lo mohili1:e resourcf"~; and dirc~cr 
human and physical capital fonnalion and in'ilitution
building 10 underpin a manufacturing capacity. and at rhc 
same lime create an environment favourable for a well
functioning price mechanism. 

A partial solution to this problem may be the de\"elop· 
menl of manufacturing industry through R>I. The in
crea.'iing importance of FDI l'iJ-O·l'i.{ trade has hcen al
ready underscored earlier. A>I could hring with ii nnl 
only necessary lt'chnical know-how along with foreign 
capital and inputs, bur also export marketing capability. 
Unlike primary commodities, manufactured expnns de· 
pend not only on price compe1i1ivenes-1 and world
standard producr quality. but also the abilily 10 seek po
rcnlial export markets, and lo design and larger rhc pr•,_ 
duel for 'iuch markets. FOi may facilitate lhe prc.ces" of 
export marker penetrarion as well as inilial impc1rt substi
tution for domeo;tic markets. 

Leaving aside the problem of providing adequate 
financial and fiscal incentive package.,, many devdoping 
countries m:iy find ii difficult lo anracl FDI. unle~s ade
quate infrastni•;turc is already pul in place and a reason
ably skilled cheap lahour force is readily available. The 
analysis thus goes back lo the slartinj<!·poinr. namely the 
crucial importance of human capital fom1a1ion and infra
structure building. However. an additional critical factor 
for inducing R>I. which is oflc:n left out of the :maly-.is. 
is lhe !ack of a legal system prorecting ownership 
rights. enforcing contractual ohligalions. ~r:mlinl'! re
course against abuses. and f.''"ranle~ing the reparriarion 



of iirufits. The a~ru.-e of a le!,!al framework required to 
estiblish sound busines...; Clmditions is tod:.y a major 
.,!•!mbling-block de1erring foreign in\·es1mm1S in !he new 
S1a1es 1ha1 emerged from 1he former USSR. crspile 1he 
availabilily of a skilled labour fon.-e .and basic infr.1-
s~ture. 

It mu.;1 be cau1ioned. howe\·er. th:!I FDI is not a pana
cea for rapid indus1riali1ation. Foreign firms do bring in 
111ith themseh·e-. skills. capital. tC\:hnology and marketing 
capability. but they cannot by themseh·es override the 
more donunant effC\:ts of ma.:rua.·onomic and micnl
n·onomic mi'>managemenl. Momw~r. given the poten
tial shon'-·omings of foreign ownership (such as exploi
tation. causing polluti,lO and many other types of be
ha,·iour C•mtrary to the interests of a host country). the 
benefits of an alternative to FOi should also be assessed. 
For instance. foreign capital and inputs could be im
poned lhrnui;h loan.-.. tc!l.:hnology acquired through licen
ces and markeling capability built through marketing 
consultancy. while avoiding FDI and foreign ownership. 
a.o; wa..; done by Japan from 1950 to 1970. 

00\.-e the conditions for industrial supply capability 
are established through skill development. social and 
economic infrastruc:ure. and macnJCConomic stabiliza
tion as appropriate. ellpon promotion mcasur~ could be 
carefully sdcc1ed :md machinery for implementing them 
be de\·eloped. Among many expon incenti\·e schemes 
arc preferential e7.pon finaru:ing. fiscal and investment 
incentives. expon processing wnes. bonded warehouses 
and factories. duty drawbacks and tax rebates on im
poned inputs. new expon credit. preshipmcnt financing. 
expon credit guarantees. establishment of an export-im
P'lrt hank etc. Meanwhile. protection measures designed 
for initial import substitution and particularly for infant 
industries sh•luld be streamlined and rationalized. Prefer
ably. quantitative reslrictions should be replaced by 
tariffs. since quantilati,·e restriclions supplanl lhe price 
mechanism. and yield an economic renl 10 the winner of 
an import quol.1 or licence. thus further encouraging rent
seeking acti,·ities and possible corruption, while tariffs 
arc 1ransparent and revenues go to the Government. 
Hm.1.-c,·cr. it takes more 1han the transparency and ratio
nality of the slructure of trade incentives to build an ex
port base. Whal is needed here is the stability and pre
dictabili1y of incentive schemes over lime. with at! hoc 
mca!'>ures and frequent amcndmenls kepi to a minimum. 
A st;1blc and prcdic1able policy cn,·ironment is required 
to elicit individual respon<;es to lrade incentives. As dis
cussed earlier. onl·e export compelitivencss is csiab
lishcd. mosl incen1ive schemes could be dismantled. 

h seem-; apparent from 1hc foregoing discussion that a 
proper sequencing of various policy reforms is cri1ically 
import;ml 10 the F.OI slra1egy. At the risk of oversimpli
fication. 1hc following reform sequence may he sug
ges1ed. Fir:;i nf all. apart from the crucial importance of 
basic infrao;truclurc. 1he overall m:mufac1uring produc
tion capac11y mu .. 1 Ill developed hcfore huilding up ex
port !iiUpply capahilities. It is hascd on 1he hypothesis that 
ind11 .. 1rial -.upply capacity would lead 10 lhe cxpon capa
hilily ilnd nol vice versa. If this is lhe case. at the early 
slagcs of indus1riali1a1ion. the role of manufactured cx
pons as an instnsmenl lo accclcf.1lc industriali1.ation be
rnmes les" importanl lhan non-trade policy measures 
.,uch as selective induslrial 1arge11ng and encnuragemenl 
of infont industries. !hose uesigned to strengthen in1er
scctoral linkage!'> t-e1wccn manufacturing and agriculture, 

anJ between manufacturing and servi\.--CS. back.ward and 
forward linkages within the manufacturing sector, rur.il 
industriali.Lati:..m etc. Export supply capaoili1ics should be 
built up after a reasonably broad indu.~rial base is devel
opc-d. At this juncture. macroeconomic stability may be 
ncc~sary le' create a favourable macroeconomic en,·i
ronmcnl for rapid industrial growth. Therefore. macro
economic stabilization should precede structural reforms 
including trade reforms. Moreover. impon liberaliza1ion 
should be in1mduced well after !he upsurge of ell.ports. 
Finally. the liberalization of capital mark.els should come 
after 1rade reforms in order to gain some degree of con
trol of an international capital flow. which is essential to 
an orderly transition 10 an cxport-oricnled economy Md 
stability in financial and capital markets. 

It is lrue that each export success story. particularly in 
East Asian countries. has more to do with unique country 
experiences than general characteristics of trade policy 
and reforms. and hence may not provide lessons for 
other developing countries. Nevertheless. it seems rea
sonable to deduce and generalize a different set of opti
mal policies for each stage of industrialization from a 
broad spectrum of country expcriclk·es of both succe~ 
and failure. At !he embryonic stage of industrialization. 
the State could speed up the growth process through 
direct resource allocation and olher selective in1erven
tions as long as it uses market prices as a planning guide. 
As an economy grows and becomes more complex. it 
should be guided increa.\ingly by market forces. and the 
role of Government should be reduced to infra.\lructure 
and institution-building. Once a firm manufac1uring ba...c 
is developed. the State could help !he private sector to 
build a beachhead for manufactured exports. initially by 
lariffs. export subsidie!<, and olher export promolion 
schemes. and then replace them with competitive real 
~xchange ralc m«hanisms once 1hc foothold for manu
factured exports is firmly established. 

C. Trade and industrialization in 
selected Asia-Pacifac: economies 

I. Overview 

At the risk of ovcrsimplificalion. the pattern of indus
triali1.a1ion since the Second World War in Asia-Pacific 
de\·eloping counlrics could be charac1eri1.ed by two over
lapping phases: an ISi stralcgy during the 1950s and 
I %Os. and an F.01 stralegy during the 1970s and l 9ROs. 
A s1yli1ed model of lhe sequential process of import 
subs1i1u1ion begins wi1h lhc domestic production ot con
sumer non-durable goods, followed by intermcdialc 
ioods. and finally climaxed by 1cchnolo~y- and skill
intensivc capital goods. 

In line wi1h lhe 1hcore1ical model. the first phase of 
import substitution in Asia-Pacific devckping countries 
during the 1950.s and 1960s was focuset! on the domestic 
production of consumer goods protected hy tarim and 
other trade barriers. and exploiting a ready market 
created hy imports. As the domestic market for commmrr 
non-durables is Quickly saluraled, import subs1i1u1ion 
policy may become unsustainable and leads to various 
disastrous economic consequences such as chronic 



bahlk.-c-of-p;iymcnls problems. expon stagnalion and 
inefficienl industries fosleml by proleclion. lo name bul 
a few. 

Emerging fmm lhe firsl phase of ISi stralegy. lhc 
majorily of Asia-P:Kific de\·eloping counlries embarked 
on the EOI stra1egy during lhc 1970s and 1980s. inilially 
con'--cntraling on lhc n;uur.1.l-rcsoun:c-ba.'ied or labour
intensive induslries such a'> food processing. lcxtilcs and 
garmenls. rubber producls and cleclmnic goods. The 
salient feature of the cxpon-driven industrialization stra
tegy pursued by lhcsc crn.ntries is that the l.""Ompetitivc 
expon industry is built on foreign technology usually 
linked to FDI. The rapid increase in FDJ is followed by 
a rapid increase in the impons vf intermediate and capital 
goods from the countries providing FDI. As imports of 
intermediate and capital goods become esc;cntial to sus
tain the expon-lcd growth. these countrie'.> launched the 
sa.""Ond phase of lhe ISi strategy. this time focusing first 
on the domestic production of technologically less de
manding industrial inlermcdiate goodc;. and then 011 the 
technology-intensive capital goodc;. The progress made 
in the impon substitution of intermediate and capilal 
goods varied remarkably from co1Jnlry to counlry. de
pending upon lhe stage of industriali73tion and techno
logical capacily of the country in question. 

At this juncture. it may be useful to dislinguish be
tween two •ypes of secondary imp<.•rt substilution; 
namely. import substilulion strategy linked lo impon 
requiremenls of the expon drive. and impon substilution 
for self-sufficiency and independence from foreign sup
pliers. A !,!ood illustrative example of the latter is the 
policy switch from a relatively outward-oriented devei
opmcnl to an inward-looking strategy of domcslic pro
duction of machinery and equipment for self-sufficiency 
introduced in Brazil in 1974. and later in Mexico and 
Argentina. The apparent failure of secondary impon sub
stitution for self-sufficiency seems to be evident by the 
fact that mosl Latin American countries have loday aban
doned such a strategy. and switched back to an expon
oriented stralcgy. Moreover. induslrialized counlries 
have moved away from the self-reliance on capilal goods 
and more towards inlra-industry specializalion or in
creasing international speciali1.ation within lhe c;ipital 
goods sector to open up expon opportunilies in recent 
decades. The reasons for lhe failure to achieve a self
relianl capital goods sector are not difficull 10 find. Most 
of all. an induslrialization s1ra1cgy which protecls domes
tic industries from inlernalional competition. and hence 
suppresses the inOow of foreign capilal goods. tends lo 
run the risk of becoming a technological laggard hy 
delinking itself from the rapidly changing lechnological 
world outside. Such a policy is likely to breed inefficient 
indu'ltries at the expense of efficient ones behind a high 
wall of protection. Also. secondary import substitution 
for self-sufficiency may not lessen the country's depen
dence on foreign technology. since emerging protected 
industrit's themselves require more imported investment 
and intennt'diale goods. In short, lhe protected industries 
may rcmail"' permanently behind in terms of competitive
ness and technological capabilily in the world markel:<.. 

By contras!. under the secondary import subslilutinn 
linked lo lhe export drive, ii is imperalive lo manufacture 
products. be it industrial materials. parts. components. or 
machinery. which arc comparahlc in quality to the im
ported ones. and equal or cheaper to produce if the in
dustries are to remain competitive in the world markets. 

Many empirical stiJdies poinl lo significant substitution 
ela.;ticities for both imponcd machiner)" and intem1edia1e 
inpuls in developing counlries. • Qb,·iously. the extenl 10 
which impon\'d goodc; could be ~ubstituted varies suh
stanlially from product lo pmdu.:1 and from country to 
country. Moreover. it is often dinicull in practict· 10 dr.1.w 
a dear-cul line between inward-oricnled and outward
oriented stralegies. since many countries tend ;o produl·e 
certain proJucLc; not only for exports. but also for the 
expanding domestic market. a.c; in the case of aulomobile 
prt'duction in the Republic of Korea. 

Simullancous expansion of expons and imports not 
only resulted in a dra.c;tic shift in the structure of imports 
from consumer goods to intermediate and capital goods. 
but also export-indul."Cd secondary import subslilution 
strategy broughl about a fundamental change in lhe 
structure of production and lhe nalure of inlerinduslry 
linkages ir. lhcse countries. This study attempts to delin
eate and analyse the cxpon-induccd structural change 
and the relative imponance of trade a_<; opposed to non
trade factors in industrial growth in the selected Asia
Pacific economies. using 1975 and 1985 international 
input-output table" for selected economics of the Asia
Pacific region. constructed by the Institute of Developing 
F.conomies in Tokyo. with the collaboralion of the coun
tries and areas concerned. The countries and areas 
chosen for the study were China (1985 only). Indonesia. 
Japan. Malaysia. Philippines. Republic of Korea. Singa
pore. Taiwan Province ( 1985 only). Thailand and Uniled 
Stales. Each country table with il" own impon matrix is 
aggregated to facilitate a cross-country and intertemporal 
comparison. 

2. TraJe and industrial performanu by region 
from 1960 lo 1990 

The Asia-Pacific region has been the most rapidly 
growing region of lhe world in terms of bolh trade 
and industrial oulput in the last decade. For inslance. 
table Ill.I shows lhal South and South-East Asia (which 
includes the Indian Subcontinent) and China outpac~d all 
other regions of the world by a considerable margin in 
b.1th total exports and total imports from 19KO to 1990, 
~hile many developing regions such as l~1tin America. 
Africa and Western Asia suffered a standslill or negalive 
growth rale of exports and imports. f:.conomic stagnation 
and import compression caused by debt prohlcms en
cou!llcred in Africa and Latin America in the lasl decade 
may underlie such negative growth rates. Meanwhile. the 
share of South and South-East Asia in world manufac
tured exports soared from J.27 per i.:ent in 1970 to 
12.73 per cent in 1989, while !hat of Africa remained 
virtually unchanged at an insig.1ificant level of ;iround 
0.4 per cent. and that of Latin America marginally im
proved from 0.98 per cent to 1.89 per .:em (!able 111.2). 
MVA also mirrored the same pattcr.1. MV A in East and 
South-East Asia (cxduding lhe Indian Suhcontinenl I grew 
at a far fa!\ter rate of 8.5 per ecol per year than tile I. I per 
cent recorded in L11in Amcric1 or the I .X per cc.-nt 
in Sub-Saharan Africa. '.\hile the Indian S11hcontinen1 

•For an t'~ltn•ivc cmpit .cal '"' of •11h•1111111nn rla•l1nllr•. \Cr 
llt'nl\Chd I 10(. 
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s~owcd the second-highest growth rate at 5.6 per cent 
from 1980 to 1990 (table 111.3). Perhaps the most reveal
ing indication is pun:ha,.ing power indices of exports as 
given in table 111.4. which will have a direct effect on the 
import capacity of a country to import intermediate in
puts and capital goods required for industrial production 

and exports. The purchasing power of exports from 
South and South-East Asia more than doubled between 
1980 and 1990. By contrast, the purchasing power of 
exports from Africa declined by about 23 per t."Cnt. and 
that of Latin America also fell slightly during the same 
period. 
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Table m.1. All•-• &YCragc &rowtli nta cl Cllporl& aad imports. 1960-1990 
(Current pritts) 

Eii:ports (r.o.b.) Imports (c.i.£.) 
Economic grouping 
and region 1960-1970 1970-1980 1980-1990 1960-1970 1970-1980 1980-1990 

World 9.2 20.3 6.0 9.1 20.2 6.0 

Dn-rlOfXd marfcn 

n:onomia 10.0 18.8 7.7 10.2 19.5 7.2 
North America 8.7 17.0 5.9 10.9 19.1 8.0 
Europe 10.1 19.3 8.2 9.7 19.5 7.4 
Japan 17.5 20.8 8.9 14.4 22.0 5.1 

Eastern Europe and 
rormcr L'SSR 8.7 18.0 2.3 8.1 18.3 3.0 

Dn-rloping marlcLt 
n:onomi6 7.2 25.9 2.2 6.5 23.8 3.1 

Africa 9.2 21.7 -3.7 4.7 22.2 - 1.9 
North Africa lJ.5 23.9 -4.5 2.9 25.6 -1.911 
Sub-Saharan Africa 7.8 20.0 -3.0 6.2 20.1 -3.0tl 

Asia 7.7 30.1 3.6 7.0 26.9 5.711 
Western Asia 9.3 34.3 -6.8 7.4 33.6 -2.7!1 
South and Soulh-E4SI 

Asia 6.7 25.8 10.8 6.9 23.5 9.611 
China 1.3 20.0 12.8 1.9 23.5 13.5 

Latin America 5.0 20.8 0.8 5.6 20.6 -1.3 

Sourc~: Handboolc of /ntmiational Tra« and ~loprrmt Statistics 1991 (United Nations 
publication, Sales No. E/F.92.11.0.6), tables 1·5 and 1-6. 
!I 1980- 1988. 

Tab1em.2. World alla~ aad aaaual 1rowtb rates al maaufactu~ cirports 
ia CDrl'CDI prices bJ ~gioa, 1970, 1980 Hd 1989 

Manufactured exporu World share Annual growth rate 

Economic grouping 1970 1980 1989 1970 1980 1989 1970-1980 1980-1989 
and region (million dollars, r.o.b.) (percentage) (percentage) 

World 189 913 l 085 122 2 106 S23 100.00 100.00 100.00 19.04 7.65 

Dr .. rfoJWd marlcn 
«onomin 160 352 892 656 1640399 84.43 82.26 77.87 18.73 6.99 
Europe 103 690 586 866 I 045 133 54.60 K08 49.61 18.93 6.62 
!'oiorth America 36 598 169 133 309 653 19.27 15.59 14.70 16.54 6.95 
Japan 17 870 122 711 264 soo 9.41 11.31 12.56 21.25 8.91 

Easrern Europe 
and former USSR 18 032 77 920 91 547 9.49 7.18 4.35 15.76 1.81 

~-rloping marlca 
tconomiu 10 455 105 041 344 243 5.51 9.68 16.34 25.95 14.10 

Africa 841 3 821 B 879 0.44 0.35 0.42 16.34 9.82 
Asia 

Wc:11ern Asia 464 6 422 16 339 0.24 0.59 0.78 30.05 10.93 
South and Sou1h·Eu1 
Asia 6 208 72 153 268 234 3.27 6.6S 12.73 27.80 IS.71 

1.alin America 1 8S5 IS 844 39 741 0.98 1.46 1.89 23.92 10.76 

So11rct: See 1 able Ill. I. 



Table 111.3. World DaR aa aaa•al iro-111 ralc:s al MV A by rcgioa, 
1910, 1980 aad 1990 

World share Annual growth rates 

Economic grouping 1970 1980 1990 1970·1980 1980-1990 
and region (percentage) ( 1990 dollars) 

World 100.00 100.00 

~~ 
tcOlrOlllia 67.40 72.20 

l'\ortb America 31.01 ?6.80 
Western Europe 28.10 33.SO 
Japan 7.30 11.00 

Eastern Europe 
and rormer USSR 22.30 14.00 

~-doping nurizr 
cconmnia 6.40 11.00 

Africa 
!Sorth Africa 0.20 0.10 
Sub-Saharan Afric. 0.20 0.30 

Asia 
Wutcrn Asia 0.40 0.90 
lndi .. n Subcontinent 0.60 O.SO 
East and South-East 
Asia 0.80 

Latin America 3.80 

China HO 

SOUlr~: UNIDO database. 

Tablcm.4. Pan:lluiag power iadica ol nporu, 1960-1990 
(1980 = 100) 

Economic groupin& 
and region 1960 1970 197S 1981 1'>8S 1990 

Dn-tlopN madtn 
rconomin 28 66 80 100 119 168 

Dn·tloping "'4rkn rconomws 21 37 64 103 90 Ill 
Africa 23 47 64 as 74 61 

North Africa IS 38 S7 BS 72 S9 
Other 30 S6 70 84 77 63 

Asia 14 26 61 106 88 129 
Wcs1crn Asia 8 16 64 103 S3 S3 
South and South·Easi 
Asia 23 40 S6 110 138 241 

Larin America 42 64 74 110 109 106 

SOUTCt: Sec table Ill.I. 

3. A change in the structure of tralk from 1975 to 
1985 in sekcted Asia-Paeific countries 

The recent publication of the 1985 international input
output table for Asia-Pacific economies coupled with the 
same table for 1975 makes it possible to gauge a change 
in the structure of trade and particularly external indus
trial linkages which had occurred between 1975 and 
1985 in those economies. Such changes in the pat:erns of 
trade in selected Asia-Pacific economics arc summarized 
in the following tables. 

Table 111.5 shows a change in the degree of trade de
pendency in these economics during the period in ques
tion. Trade dependency as measured by imports plus ex
ports as a percentage of GDP is remarkably high, and 

2.20 
6.00 

2.90 

100.00 3.£0 2.10 

7S.40 ?.SO 1.70 
?6.40 ?.80 1.30 
31.90 1.90 1.20 
16.20 3.30 3.SO 

10.60 S.90 2.70 

12.40 7.10 3.90 

0.30 S.40 S.20 
0.30 6.00 1.80 

1.70 6.00 4.30 
o.so 3.40 S.60 

ol.10 II.SO 8.SO 
4.90 6.40 1.10 

1.70 1.60 4.80 

ir.crcased markedly between 1975 and 1985 in Malaysia, 
Republic of Korea. Singapore and Thailand. Trade dc
prndcnce in Japan and the United States is considerably 
lower and remained um:hanged during the period. It is 
also worth noting that exports as a percentage of GDP 
have substantially incrca~d. while the import share: either 
remained the same or slightly declined in all economies 
examined here except for Malaysia and Thailand. which 
recorded a substantial increase in the ratio of imports to 
GDP. 

Table 111.6 shows sectoral shares of imports and ex
port.'1 in 1975 and 1985. As expected, manufacturing 
claims a lion's share of both imports and exports, fol
lowed by services as a distanl second in all countries and 
areas in both 1975 and 1985. A major exception is ex
ports from Indonesia, dominated by its oil sector. 

Table 111.7 summarizes the structure and origin of im
ports. Above all, the results show an asymmetry in the 
pattern of total import.'1 between developing and devel
oped countries. In particula;-, a preponderant share of 
total imports in ASEAN countries and the Republic of 
Korea originates from Japan. the Uniled States and the 
rest of the world, primarily Western Europe, but Japan 
and the United States import mainly from developed 
countries, with a relatively much smaller share of their 
total import.'1, less than 10 per cent, from ASEAN coun
tries. This lopsided pattern changed little between 1975 
and 1985. It is worth noting, however, that intra-ASEAN 
imports, although still relatively small, increased consi
derably during the period. Also. the intermediate imports 
accounted for 50 to 90 per cent of total imports across 
the countries compared, and the share of inlennediate 
imports increased markedly at the expen~ of imports of 
final goods for all developing countries compared except 
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for Indonesia. Dependence on imported inputs in produc
tion. as measurrd by intem1ediate import~ a..c; a percent
age of intermediate input uses. varied remarkably among 
countries, ranging from around 6 per cent in the United 
States to over 50 per cent in Singapore. At: developing 
couniries appear to be highly dependent on imported 
inpulc; in contrast to Japan and the United States, but 
their importance declined somewhat during the period, as 
their intermediate imports from the rest of the world, 
mainly Western Europe. remained at a high level of over 
50 per cent of total intermediate imports in most coun
tries. lntra-ASEAN intermediate imports also increased 
sharply in most countries except for Indonesia. but a 
similar intensification of intra-ASEAN trade was not 
observed in the case of final goods imports. 

Table 111.5. Trade dcpcadcacy ia 11tlcctcd Aaia-Paciric 
couatrica aad an:a5, 197S aad 198S 

Co11ntry or area 

Indonesia 

Malaysia 

Philippines 

Republic or Korea 

Singapore 

Thililand 

Japan 

Uni1ed Slates 

China 

Taiwan Province 

Trade!I as Imports as E•ports as 
percenlagc percentage ~rcentage 

Year or GOP or uOP or COP 

1975 40.39 IS.41 24.98 
1985 38.82 l.S.08 B.74 

1975 71.95 33.89 38.07 
1985 97.39 43.21 S4.19 

197S 3S.92 21.73 14.18 
198S 40.03 17.46 22.S7 

197S 62.50 36.78 :?S.72 
1911S 67.85 32.78 35.07 

1975 184.S5 116.67 67.88 
198S 325.57 115.16 120.1~ 

197S 34.63 19.76 14.87 
198.S 44.47 26.117 28.60 

1975 26.82 13.20 13.62 
1985 26.46 1i.20 IS.26 

1975 17.21) 8.83 8.37 
1985 16.69 10.00 6.69 

1985 26.12 14.76 11.37 

1985 101.67 40.S2 61.IS 

Sou1u1: lnt"11ational /npm-Output Tab/~ /01 ASE.AN Countri~f 1975 
(Tokyo, lns1i1u1c or Developing Economics, March 1982); and Asian 
/nt"110lional /nput-Outp•'1 Tab/1 1985 (Tokyo, lns1i1u1e or Developing 
Economics, Scp1embc1 1992). 

al Combined imporlS and nporis. 

The shares of export markets for selected Asia-Pacific 
cconomi"'" in 1975 and 1985 arc given in table 111.8. 
Japan was by far the most important country for exports 
in 1975, but in 1985 its importance sharply declined for 
many developing countries, such as Philippines, Republic 
of Korea, Singapore and Thailand. In a similar vein, the 
importance of the United States as the second most im
portant export market for Asia-Pacific developing coun
tries diminished during the period. By contrast, the col
lecti• •e shares of exports to the rest of the world, mainly 
Western European countries plus Taiwan Province and 
Hong Kong. were equally significant, and increased 
steeply during the period in most countries ex.:ept for 
Indonesia and Malaysia, which implies a considerable 
diversification of export markets for these countries. 
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Table 111.9 shows the structure of imports and expons 
by broad industry gmup in selected Asia-Pacific coun
tries and areas in 1975 and 1985. As expected. the capit:il 
goods industry represents the largest share of tot:il im
ports closely followed by industrial materials in all the 
countries and areas. except for Japan and Singapore. 
where the latter imports were greater. The combined 
share of the lwo ranged between 50 and 70 per cent of 
total imports. By contrast, imports by the primary goods 
sector were relatively insignificant, accounting for less 
than 6 per cent. and its share further declined between 
1975 and 1985 in most cases. Imports by the service 
sector were quite considerable, and roughly equal to the 
import share of light manufacturing in most countries. 

The structure of exports as given in table III. 9 varied 
greatly from country to country. In the developed econo
mics of Japan and the United States, exports from the 
capital goods industry claimed a lion's share, and exports 
from the service sector ranked second. By contrast. lndo
ne~ian exports were dominated by the primary good.c; 
sector, namely oil. In the rest of the developing econo
mies except Singapore, exports from light manufacturing 
industry were most dominant, but its importance de
clined sharply between 1975 and 1985 except for Thai
land, while capital goods and services maintained a size
able share of tolal expon.c;. Moreover, in NICs such as 
Republic of Korea. Singapore and Taiwan Province, the 
share of exports from the capital goods industry tend to 
be considerably larger than that of other dr-veloping 
economies in the region. 

4. Imports and interindustry linlcages 

A common measure of interindustry linkages is the 
traditional output multiplier, which is merely the column 
sum of the Leontief inverse matrix. The output multiplier 
represents the cumulative input requirements from other 
sectors and the given sector, resulting from a unit in
crease in final demand for the output of that sector. 
There arc many variations of backward and forward link
age indices, such as the pioneering work of Hirschman [8) 
and others developed by Rasmussen [21 ), Cella (22), 
Park (23), Park and Chan (24) and Clements and 
Rossi [25). 

Aggregate multipliers for I 0 countries are calculated 
and presented in table III. I 0. They are the average of all 
sectoral output multipliers, namely EEr,/n. where r,

1 
are 

clements of the Leonticf inverse. They represent the total 
value of production re4uired from all sectors through the 
successive rounds of interindustry transactions to deliver 
one unit value of uniformly distributed final demand, 
that is. with equal weight assigned to each element of 
the final demand vector. Therefore, any value exceeding 
unity by this mea'lure shows the extent of interindustry 
transactions required to deliver one unit incr ... .sc in final 
demand. and hence the extent of interindustry link
ages [26). 

In table Ill. JO the first column is derived from the 
inverse matrices of 24 sectors including imported inputs. 
These multipliers capture the extent of overall inter· 
industry relations implied by the underlying production 
technology, and hence represent potential rather than 
actual linkages. The second column shows domestic 
multipliers calculated from the input-output matrices net 
of imported inputs. They represent the extent of linkages 



Table m.6. Seetanl ... re~ impwta ... apcwta m sleeted Asia· Paril'".r -•trim 
... •ras. 197S ... 191S 

Total importslf Total exportsll 

Country or area Year 001 002 003 004 oos 006 001 002 003 004 oos 006 

Indonesia 197S 0.73 0.S9 64.99 1.U 14.66 17.91 7.81 67.04 U.33 - 12.81 
198S 1.61 1.40 64.64 0.39 9.69 22.28 6.72 SS.00 23.88 - U.40 

Malaysia 197S 6.47 1.02 i7.43 0.68 3.87 10.53 2.77 0.60 93.28 - 3.34 
1985 3.62 -0.74 6.S.06 2.11 IO.OB 19.86 8.89 21.18 S?.94 0.01 16.98 

Philippines 197~ 3.38 0.45 89.81 0.30 2.29 3.78 27.18 14.18 SB.II 0.01 0.52 
1985 3.08 1.52 66.20 1.19 1.75 26.25 6.87 3.13 46.80 - 1.74 41.46 

Republic: oC Korea 1975 2.43 0.57 85.36 3.43 l.47 6.75 6.78 0.82 82.68 - 9.72 
1985 l.27 -0.31 86.17 1.40 1.65 9.81 1.60 0.17 75.59 0.09 0.62 21.93 

Singapore 1975 2.81 0.02 82.76 0.89 3.2S 10.28 0.91 0.09 91.0S 0.01 7.95 
1985 l.19 0.02 82.08 0.13 3.96 12.63 0.40 0.18 73.93 0.38 0.01 25.10 

Thailand 1975 3.06 2.04 80.32 0.37 4.77 9.45 16.0S 1.61 57.91 0.19 24.23 
1985 5.20 0.57 69.52 1.19 3.70 19.82 8.39 1.09 59.13 0.01 31.39 

Japan 1975 2.57 -0.68 76.76 4.39 I.SO 15.46 0.38 0.05 78.66 0.01 20.90 
1985 1.46 0.34 73.11 7.43 1.67 15.98 0.25 0.04 81.93 0.05 17.73 

United States 1975 4.31 1.16 61.48 1.68 7.43 23.94 10.59 1.85 61.67 0.20 25.68 
1985 1.39 0.78 74.29 1.45 2.64 19.45 6.02 2.29 63.11 0.26 0.02 28.29 

China 1985 4.29 0.72 80.97 0.2S 8.66 S.10 13.18 6.18 59.62 0.01 21.02 

Taiwan Province 1985 0.88 1.78 80.55 2.69 0.71 13.38 2.13 O.lS 85.34 0.01 12.38 

SouTc~: Sec table 111.5. 
II 001 - agriculture; 002 - mining; 003 - manuracturing; 004 - elcctric:ity, gas and water; 005 - c:onstruc:tion; 006 - services. 

based on domestic industrial production capacity. The 
last column shows the ratios of the domestic to the total 
multipliers, indicating the extent of overall domestic 
self-sufficiency in production, the complement of this 
ratio ht:ing construed as the extent of overall import de
pendence in production. 

Total multipliers in the first column show consider
able variations across countries and over time in some 
developing countries. In 1975 multit>liers for Japan and 
the United States and for relatively more industrialized 
developing countries such as the Republic of Korea 
and Singapore are considerably greater than those for the 
rest of the sample group, that is, Indonesia, Malaysia, 
Philippines and Thailand. However, interindustry link
ages implied by the multiplier in Indonesia, Malaysia 
and Thailand sharply increased and almost caught up 
with the former group between 1975 and 1985, reflecting 
rapid export-led industrialization in these countries dur
ing that period. 

On the other hand, the domestic multipliers in most 
developing economies as shown in the second column 
are considerably lower than their total multipliers, except 
for China, showing a substantial gap between potential 
and actual output. The implication is that the~ develop
ing economies built up an export-based industrial struc
ture nearly comparable to that of developed countries 
like Japan, and the United States, heavily relying on 
imported inputs a~ shown in the domestic total ratios in 
the third column. For instance, import leakages of the 

output multiplier in Taiwan Province and the Republic of 
Korea were slightly over 20 per cent. It is well known 
that these economies vigorously pursued an export-led 
growth strategy with mounting imports of intermediate 
and capital goods financed by rapidly rising export earn
ings. Particularly. import dependence on intermediate 
goods is very high in Singapore, accounting for almost 
half of the potential output. The expected result occurred, 
given the nature of the relatively small entrep0t economy 
of Singapore, where the bulk of producl'I is imported, 
processed and re-exported. By contrast, such import de
pendence in China was very low, at less than 10 per cent 
in 1985. The relatively low import dependence in China 
may retlect its emphasis on heavy industries and the 
consequent broadening of il'I industrial ba'IC at an early 
stage of development, which is typical of the growth path 
of most centrally planned economies. However, in the 
light of economic liberalization, an empha.'lis on light 
manufacturing and export promotion policies initiated 
since 1985, more recent data for China may show a 
greater gap between potential and actual output than wa'I 
shown in 1985. 

As expected, the Uniled States and Japan showed the 
strongest domestic linkages with low import dependence, 
and the extent of domestic linkages slightly increa'ICd 
between 197.S and 1985. The result is not surprising, 
since these countries grew rapidly after the Second 
World War, and the interindu~try network of production 
and trade was finnly in place by 1970. 
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Table 111.7. SlnKture of Imports In MIKltd Asla·Padfk countries and areas, 1975 and 1985 
(Pel't'entage) 

Tot•I impons n'-«> lntcrmcdi•le impons (Ml) Pin•I dcm•nd impons (MP) 

Rcp11blic United Rest Of Republic United Rc11 or Republic Unitcil Rell of 
C011n1 ry or •re• Yur A.Sf.,\.'11 o( Kore• J•pan States M>rldtl MlfM'/ Thilfnps.I A.SF.AN or Korea Japan States worldt/ Mf/Mlll MP(n·1' t\SEAN or Korea Japan S1a111 wortdtl 

lndoncsi.1 197S 10.47 071 ll.98 lol.16 40.68 60J6 20.14 12.24 1.00 37.60 II.II 37.35 39.44 6J2 7.7S 0.27 28.42 17.76 •U.IO 
19&5 6.n 1.50 18.74 12.08 60.91 63.Zl IS.07 7.911 1.91 21.66 13.60 548.S 36.79 6.00 -4.70 0.80 13.T.Z 9.46 71.32 

(4.24) (4.91) (3.09) 
~ .. )'SQ 1m ll.J.4 0.47 18.I? 9J6 S9..SI SZ.99 24.n 12.97 o..so 18.0l 7.42 61.08 47.01 l.S.78 11.62 0.43 11.23 11.97 57.75 

19&5 19.11 l.90 17.92 12.31 48.76 74.n 33.79 19J8 1.114 18.07 8.44 $2.06 2.5.23 11.71 17.71 2.10 17.46 23.74 38.98 
(SJS) (4.69) (II.II) 

l'llilippincs 197S l.11 0.24 lS.92 21JS 49.17 $7.24 11.60 3.81 0.29 21.19 17.07 57.64 42.76 1.66 2.19 0.11 32.26 27.$4 37.13 
19&5 11.01 3.32 7.74 16JS 61.38 66.38 17.18 11.93 3.24 8.18 19.71 S6.94 33.62 6.0I 9.20 3.47 6.87 10.ll 70.lS 

(11..57) (13.84) (7.10) 
Republic ol Korea 197S ·1114 . 32.34 25.37 37.4S 76.62 23.37 S.96 . 28.38 25.43 40.23 23.38 7.79 I.II . 4S.30 ZS.IS 28.36 

19&5 6.92 . 24.31 20.20 48..54 81.97 22..53 9.07 . 21.01 18.69 Sl.23 18.03 S.12 .z.as . 39.46 27.07 36.JI 
(2.JO) (2.22) (2.63) 

Sin&•pore 1975 14.n 0.60 13.77 13.14 57.T.Z 71..51 Sl.21 17.IS OJI 12.95 8.16 60.46 28.49 27.20 I.BO 0.6S l.S.84 23.17 S0.83 
I~ 17.SS 1.36 13JS 11..56 5S.94 76.53 S2.98 19.64 1.16 10.44 1.74 60.02 23.47 26.7S 10.16 l.02 23.61 20.78 42.66 

(13.36) (13.17) (9.93) 
~i~nd 1975 3.21 0.19 29.24 S.70 60.96 S7.25 16.67 2.00 0.9S 28.30 S.67 63.08 42.75 7.96 4.83 0.11:? 30..51 S.73 SI.II 

1985 1?..i9 1.67 22.19 9.08 S4J7 63.60 19.6.5 16.47 2.06 17.69 7.35 56.43 36.40 9.65 SJl 1.00 J0.06 12.10 SI.JI 
(S..57) (6.08) (5.16) 

Japan 197S SJ.I 2.30 . 17.SS 71.57 87.88 9.39 9.24 1..56 . 16.28 72.93 12.12 1.60 3.49 7.69 27.06 61.77 
198.S a.31 2.66 . 16.2.i 69.79 84.89 9.22 12.73 2.10 . 14.60 70J6 IS.I I 1.75 J.JO 5.79 . ZS.47 65.45 

(6.81) (6.07) (10.98) 
United States 1'17S 3.21 1.07 9..53 . 16.19 61.92 6.24 3.71 0.92 9.13 . 16.25 38.08 J.3.4 2.39 1.32 10.20 . 16.09 

19&5 3..59 2.49 17.0I . 76.84 4U6 S.86 4.76 U? 11.78 . 81.$7 51.$4 4.98 2.49 l.OS 22.06 . T.Z.40 
(7.18) (ol.92) (9.31) 

Cllina 1911.S 2.27 . 32.66 10.49 41.74 53..52 7.68 3..58 . 26.1(1 9.8] 52.80 46.48 6.45 0.7S . o!O.IS II.ZS 28.99 

Taiwan Prvvirlce 198.S S.39 0.76 21.38 18.33 Sl.77 76.81 22.90 6.10 OJI 19.37 17.26 SS..54 23.19 11.02 3.0I 1.3$ 28.0S 21.17 43.60 

5-'n: Sec T1l>lc UU. 
ti S11mbcr1 in parentheses represent a combined sll•re or Hone Kone. Taiwan Province and China. 
'II Ml/:14 • intermediate 1mporu as pcrccn1acc or total imporu. 
ti T!l4lfnP • intermediate imporu as pcrcen1a1c of total intermediate p11rchua. 
'1 !lotf/M • final demand impons as pcrcen1a1c of total imporu. 
sJ :14F{Il'. final demand 1mporu as pcrcent•CC of 10111 fin1I demand. 



Table m.I. lbport -rtca. foe adected AN-r.cir'c -•tries 
aad •.-&. 1975 aad 191S 

(Pcrce111a1c) 

Republic Uailcd Rest ol 
Coua1ry or area Year ASEAN ol Korea Japan S1atcs 1hc woctcP' 

ladoacsia 197S 7.27 2.36 40.21 ?7.75 22.lS 
198S 6.66 2.8] 4S..S2 21.6] 23.]6 

(3.ll) 
Malaysia 197S 9.98 2.74 7.96 21.Bl S7.49 

198S 18.10 6.22 22.92 ll..SO 39.25 
(l.42) 

Philippines 197S l.7S 1.09 42.43 23.19 30.83 
1985 S.46 l.4S 16.JS 29.10 47.6S 

(2.79) 
Republic ol Korea I97S 2.38 29.34 27.71 40..58 

198S ].3? 12.41 l0.17 Sl.40 
(0..57) 

Singapore 197S ?2.?7 0.31 ll.44 17.14 46.84 
198S IS..59 1.06 7.11 19.73 S6.Sl 

(2.14) 
Thailand 197S 9.80 1.77 26.41 8.01 S4.01 

198S 7.10 1.21 9.39 ll.39 61.83 
(l.63) 

Japan 197S 7.48 3.52 11.72 70.Sl 
198~ 4.99 3..57 33.33 S8.ll 

(9.47) 
Unilcd S1a1cs 197S 2.13 1.48 9.16 87.23 

198S 2.74 2.?7 9.12 8S.86 
(3.l6) 

China 191S 8.21 18.64 11.39 61.76 

Taiwan Province 1985 4.18 1.12 8.82 44.13 39.61 

Sourca: Sec 1ablc 111.S. 
ti Numbers in parcn1hcscs rcpn:scnl 1hc cocr.bincd share ol China and 

Taiwaa Province. 

S. Structural change 

There is no standard mea'>ure against which to gauge 
structural change over time in a given country. The most 
serious problem encountered in developing such a 
measurement method is the nonexistence of an ideal 
norm against which actual performance could be com
pared. In the field of development economics, the notion 
or optimal structure or production or an economy is not 
only conceptually elusive, but also may vary in time and 
place as a resllll of a shift in the international division of 
labour and comparative advantage, thus making its em
pirical measurement extremely difficult. 

In the absence of a commonly used method, an ad hoc 
approach based on certain "heroic a'isumptions" will be 
used. In particular, a'>suming that the structures of pro
duction implied in the 1985 table of input-output coeffi
cients for Japan and the United States approximate lo a 
desired, if not ideal, fonn or industrial structure, Japa
nese and United States coefficients in 1985 are alterna
tively used as a benchmark against which those in other 
countries may be compared. The evaluation crilerion 
used for this purpose is the inequality coefficient,• that 
is, u = [E.J;(a,-a: )1/l'.J; (a:>111n where, a: is an input 
coefficient of the benchmark economy selected, and a9 

is an input coefficient of an economy being com;>ared 
to it. 

•For a detailed e•plana1ion nf the use of the iMq11ali1y cnefficienc 
melhnd. su H. Theil and othen 127). 

The inequality coefficients or the manufacturing sector 
and the entire economy for the selected countries and 
areas of the Asia-Pacific region in 1975 and 1985 are 
given in table Ill. I I. They provide an overall indication 
or how close the structure of production of a given 
economy in a given year came to that of the benchmark 
economy in 1985. It is obvious that the closer the struc
ture or production or an economy examined lo that or a 
benchmark economy, the smaller the coefficient is, and it 
becomes zero if the two are identical in the extreme case. 

Although Japan and the United States are perhaps the 
most lechnologically advanced large economics in the 
world, the structural characteristics of the two economies 
are fundamcnlally different in many respects. For in
stance, the Japanese economy is povr in natural resources 
and relatively trade dependent, whereas the economy of 
the Uniled States is endowed with abundant resources, 
and hence less trade-dependent than Japan, a' shown in 
table 111.5. As a result, the inequality coefficient of a 
country is expected to differ considerably, depending on 
the benchmark economy selected for measurement. 

The numerical results shown in table Ill. I I have vari
ous implications. When mea.'>ured against the structure of 
lhe Japanese economy, lwo NICs, namely, the Republic 
of Korea and Taiwan Province, yielded markedly smaller 
inequality coefficient' than their ASEAN counterparu, 
Indonesia, Malaysia, Philippines and Thailand, excluding 
Singapore. The inequalily coefficienls for the Republic 
or Korea and Taiwan Province ranged between 0.50 and 
O.S6 per ccnl for lhe economy as a whole, and between 

93 



'° "'" 

Table 111.9. Slrunun or imports •nd exports by broad industry IJ'OUP In Ml•tled A.~l•·r•C'lftt rounlrl•• ind., .. ., 1975 1nd 1915 
(Pcrc;cn1agc) 

Tu111 impons Total upon• 

Amollnl Prima!)' Li&hl lnd1111rial Capi1al U1ili1ia and Amount Prima:y Li&hl Industrial Capilll UUtillCI and 
Coun1iy or are.a Year (million dollan) &OOdS m1nur11C1urin~ ma1cna1ssl aoOtJ,,tl C'Olllll'\lflionll Sclvicull (million dollan) p>Odl manurariurinat' ma1cria1&ll ~ CV1111rvn1onll Sctv1cull 

lndoncSll 1975 s 049 1.32 IS.28 9.01 40.tH IS.79 17.91 8 1&5 74.&5 2.42 l.S9 1.l2 12.11 
1985 ll 244 ).00 1.63 17.67 31.ll 10.08 22.21 20 &52 62.n 9.21 10.77 J.90 . IJ.40 

M~15~ 197S 2 7Sa 7.49 ILS7 20.02 31.&5 4.SS 10.Sl l 093 ).J7 30.20 21.12 )4,27 . UI 
1985 ll 00) 2.89 14.12 14.V. 3S.4l 12.19 19.86 16 JOI 30.70 14.06 17.ll 2t.s0 0.01 16.91 

Pllilippina 197S 343S ).12 17.69 29.91 42.21 2.S9 3.71 2 241 41.36 41.16 3.71 6.17 0.01 o.sz 
191.S S275 4.60 13.16 29.74 23.ll 2.9S 26.lS 6119 10.00 21.67 4.23 20.91 1.74 41.46 

Rcpubhc ol Korea I~ 1396 2.99 24.45 28.29 32.62 4.90 6.1S s 171 1.60 44.03 9.61 29.04 . 9.n 
1985 29709 0.96 IS.Sl 33.37 37.29 3.06 9.81 31 786 1.78 27.11 11.12 37.36 0.71 21.93 

Sinpporc '975 s 967 2.82 13.04 39.92 29.80 4.14 10.28 3472 1.00 7.42 S6.ll 27.SI 0.01 7.95 
I l&S 19193 1.21 8.lS 4l7S l0.97 4.08 l:?.63 20 646 O.SB 6.42 36.91 30.60 0.40 lS.10 

~·~nd 1975 3 371 S.10 lt.sl 26.97 41.14 S.14 9.45 2 S37 17.66 40.16 7.61 10.14 0.19 24.23 
198S 9&ll S.77 12.97 22.6S 33.90 4.90 19.82 10 42S 9.47 J7.S2 1.44 13.16 0.01 31.39 

Japan 197S 6S 920 \.19 20.61 38.77 17.ll 5.a'J 15.46 67 99S 0.43 S.32 11.07 62.27 0.01 20.90 
196.5 141@'1 1.80 16.69 JJ.IM 2l.S9 9.11 15.91 202 304 0.29 3.40 7.S7 'lll.97 o.os 17.73 

t..:ntlcd Sla1cs 197S 133 s:zo S.47 IS.07 14.66 31.76 9.11 23.94 126 SS4 ll.~S 6.IS 11.76 43.0S 021 2S.61 
1985 )9' 727 2.18 13.'lll IS.22 45.37 4.09 19.4S 26'1 304 0.29 3.40 7.J7 70.97 o.os 17.73 

China 1985 430SS S.02 14.0S 1.17 sa.74 1.91 S.10 33 1.57 19.36 29.61 13.61 16.40 0.01 21.02 

Taiwan PIVVincc l\llS lllll 2.66 16..sO 26.9S 37.10 3.41 13.31 3S 961 2.27 28.17 10.46 46.70 0.01 12.31 

S-rs: Sec 11blc 111.S. 
No:r. For lftdusuw clasaifiC'ltion, sec 1nnc,, 111. 
II Prunaiy raw malcrials, 001-007. 
al upl a11n1&fKtuNt&. 008-010. 
s1 lndus1nal rna1cnats. 011.015. 
ti ~p&lll p>ds. 016-019. 
II U11h1ics 111d COllltNCllOtl, 020-021. 
II Scmca. 022-0l4. 



Tabkm.10.. Aagrqatc 091pe1 ... 1iplitn ia Kkclal Asia-Pacir1e m .. 1rica 
alld araa_ 197S ... 191.S 

Output m111liptic,a/ 

Total Domestic D/T" 
Country or aru Year linuies.'-' tinusnfl (perttntaie} 

Cllina 1915 2.04 .. 9 l.8929 92-57 

lndooesia 1975 1-6697 1.3994 13.81 
1985 l.8191 l.S312 84.17 

Japan 1975 2.3144 2.0292 87.68 
1915 2.3236 1.9618 88.23 

Malaysia 1975 1.7714 1.4262 80.19 
1915 1.9936 1.4720 73.84 

Philippines 197S l.8791 l.SS74 82.U 
198S 1.86S2 l.S689 84.11 

Republic of Korea 197S 2.1443 l.6S30 77.09 
1915 2.1S39 l.71S6 79.6S 

Sin&•porc 1975 2.5145 1.4864 59.11 
1915 2.SS46 1.4213 55.64 

Taiwan Province 1915 2.310S 1.7895 TI.45 

Thailand 197S 1.7863 l.S161 84.87 
1915 1.96n 1-6176 82.21 

United States 1975 2.1322 1.9764 92.70 
1985 2.0881 1.9S42 93.59 

Sot«a: See 1ablc 111.S. 

II Aw:raic of sccloral mul1iplicn, 1ha1 is, El>,111 ,where '• is an clcmcnl 

I J 
of lbe Lconaicf inverse. 

IJ/ Catculalcd from 101al (domes1ic plus imported) inpu1 cocfficicnlS. 
sf Calc:ulaled from domes1ic: input cocffic:icn1s only. 
ii Ratio of domcs1ic: 10 101al oulput mulliplicr. 

0.39 and 0.53 for the manufacturing sector, whereas lhe 
coefficients for the ASEAN member countries ranged 
between 0.7 and 1.0 for both measures. This result is not 
surprising in view of the rapid industrialization achieved 
by lhe Republic of Korea and Taiwan Province, relying 
heavily on Japanese capital goods and industrial tech
nology. 

However, when the structural characteristics of these 
two most successful exporters of Ea.-.t Asia were com
pared to those of the United States, their inequality coef
ficients jumped by more than 50 per cent in most cases, 
and the gaps between these NICs and the ASEAN coun
tries were remarkably reduced, although their inequality 
coefficients were still smaller than those of the ASEAN 
countries. This discrepancy may be explained by the fact 
that the Republic of Korea and Taiwan Province arc 
densely populated and resource-poor like Japan, and re
semble Japan more than the United States in terms of 
lheir human capital ba..c a\ well a\ various social, cul
tural, economic and institutional facto~ that shape the 
industrial structure. By contrast, the ASEAN countries, 
Indonesia, Malaysia, Philippines and Thailand, arc richly 
endowed in natural rc!Wurccs like the United States, and 
their economics arc still considerably rci;ource based. 

However, if a similar comparison is made using the more 
recent data of the years since 1985, during which all 
these South-East Asian countries, except for the Philip
pines, have enjoyed faster growth than anywhere else in 
the world, the rc-,;ulL'I might have shown much more 
rapid structural change ira these countries. 

In this regard, it is worth noting that the inequality 
coefficients of China were appreciably smaller when 
measured against the United States as a benchmark 
economy than when compared against Japan. The result 
was expected, since China is more similar to the struc
ture of the United States economy than to that of Japan 
in many respects, given its abundant rcliOUrcc endow
menL'I and its immense population size and area. 

Compared with other NICs, in particular the Republic 
of Korea and Taiwan Province, the structure of produc
tion in Singapore deviated most from that of Japan or the 
United Slates as mea\urcd by the inequality coefficient. 
This result al:\O seems plausible, given the special charac
teristics of the island c;"1trcp01 economy of Singapore, 
with its critical dependence on foreign trade. For instance, 
in 1988, exports and imports as a percentage of GDP in 
Singapore were 16S and 205 per cent, respectively, com
pared with only 13 and 9 per cent, respectively, in Japan. 

9S 



Table Ill.I I. A mmparalift -re al unoc1aral daqc ie lldc:dcd Aaia-F.ar1e 
«*•Irie& aacl arcu n:lalift to Ille iad.arial &lnoclarc ol Japaa aad Ille Uailcd Saaaa ia JWS 

lncqualily rocfficicnrL' 

Dc11chmark hpan!!I Bcacllmark l"11i1cd S1a1csSI 

Economy ~bauCac1uring Economy Manafac1aring 
Coun1ry or a:-e;a l" ur <IS a •hole sccior u ;a whole SCCIOC 

China 1985 0.727ol 0.6&91 0.639.? O.S~9"4 

lnd.:KICSll 1975 I 0347 1.1106 0.90SS 0.9.?28 
198S 0.'»54 0.'1777 0.8557 0.0089 

Jap;an 197S 0.3191 0.2ol03 0.7293 0.6319 
1985 0.6420 0.62.?l 

!\.blays1;i l'J7S 0.8471 0.9IS6 0.9SJO 0.9669 
l98S 0.80S6 0.8839 0.7S97 0.6&oll 

Ph1hppincs 1975 0.7879 0.7o19S 0.1-492 0.7804 
1985 0.8183 0.8307 0.9111 0.8499 

Rcpubhc of Korn 197S O.S6"4 0.5388 o.15n 0.7191 
1985 O.S350 0.4836 0.7816 0.679S 

Singapore 1975 0.8183 0.8307 0.9111 0.8499 
1985 0.6545 0.MOJ 0.7758 o.11n 

Tai.-ar. Provance 198S 0.S080 0.3907 0.790S 0.6274 

Thailand 1975 0.7292 0.7529 0.8571 0.8026 
198S 0.7382 0.7422 0.78"4 0.7389 

Lnirc:d Sra1es 1975 0.6877 0.680.& 0.3oll6 0.3092 
1985 0.630.& 0.5696 

s..,.,,.ca: Sec 1ablc: 111.5. 

l" ""CE E (a,i-a.,6>2 I EE ca.6>2 11/1 .. ~ & an input rodlicEnr cl ;a sample aiuntry. ilnd • ali 09 
i 

is an in1-"1 cocfficicnr of the benchmark economy in 1985. 
!!., Input cocfficicn1s o( Japu. 1985 used ;as a benchmark. 
£' Input ccxfficicnrs or the: L"nited S1<11cs, 1985 used as a benchmark. 

More importantly. a substantial portion of the exports or 
Singapo.-e consists of re-exports of a wide variety of pro
ducts ranging from ~islicated eleclronic goods. such 
a~ inlegrated circuit~ and computer peripherals. colour 
television sets and videotape recorders, to industrial raw 
materials such a~ rubber and plywood.• 

It is not surprising to find that structural change in 
both Japan and the United States was the most rapid 
among the S<smple group a~ mea~ured by lhe inequality 
coefficient. which wa~ reJuced by 0.32 per cent for the 
economy-wide measure and 0.24 per cent for the manu
facturing sector for Japan. and by 0.34 and 0.31. respec
lively. for the United States between 1975 and 1985, 
when each wa\ mca\ured against its own benchmark. 

•for iMl.tllc:c, rile- rotal c•por1' of Singapore amounted 10117.116 hil
hon Smpporc dollan 1n 19119. or which re-e1pnrts accounted for 
37 per cenl and domc\llC e1ocwts the re". Refined rucls acc:ounrcd ror 
ahoul a qu..ner n( domr"ic c1pnns. In racr. Singapore ha' hccomc IM 
world's th1rd·largesr oal·rcfinins ccnrrc. allhough 11 does noc irscli pro
duce ariy crude oil ( 211 J. 
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However, when each or the two advanced economies 
was meai;ured against the benchmark or the other. their 
inequality coefficients sharply increased to the range of 
0.6 lo 0.7, a magnitude comparable to those of many 
developing countries in the region. This may imply that 
bolh countries had undergone massive industrial restruc
turing during the period from 1975 to 1985, and this 
change wa'i reflected in a substantial reduction or the 
inequality coefficient when each was measured against 
its own structure or the economy in 1985. But when 
compared against each other. these two economies were 
so va~tly different that the structural characterislics of the 
two economies still remained highly dissimilar in many 
respects. despite the extensive industrial rrstructuring 
lhal occurred in both countries during the period. 

Finally. the results on the whole show a significanl 
gap in the structural balance between developed and 
developing economies in the region both in 1975 and 
1985. if the model of industriali1.ation in Japan and lhe 
United States is a~sumcd lo be the panem. Thi5 particu
lar assumption may admilledly be open to queslion. 



6. A tltt~ IUUll_nis of"" rotU"Cn 
of Uuhutrilll KNJwtlt 

1be purpose of this so.-tion is lo Nint:1le the rd;Ui\-e 
c.."onlribulion of various soun:es of ~mwth to sa:tor.ai 
output growth and pmic..,darly the cffcc.."t of exports on 
industrial output growth. The an:alytical methoJ u..'iCJ 
~ 1:1. an input--outpul gru\Ao1h :k.'l."UUnting rndhod .. and a 
full description of the da."Olllpositio., method is given in 
annex I to the present d1apter. • The ch:an~s in SC\."loral 
output bctWttD 1975 and 1985 were da."Olllpt>sed into 
the four SOUf\."CS of growth. namely. (I) final demand. (2) 

fiml demand import substitution. (3) exports and (4) 

tcdmic..-al dean~ and input import substitution.. It w:a.o; 
mathcmaticoally inlr.k.1ablc to sq>arate the cffcc.."l of tech
nical chm~ from that of input import substitutinn in the 
la.~ term. Prior to decomposition. the 1975 international 
input-output ubles were denateJ to the 1985 pric..-cs. A 
Jdailed ~"ription of the sector.al deflators used in this 
study is ;also given in annex II. 
Bd~ turning to empirical r-esults. ~ of the limi

tations a.unciated with the applications of the methoJ 
presented above mu..o;t be c.."OllSideraf. First. the estimate is 
devoid ol any cau..<;;il rclation.<;bips by nature of the iden
tity rclalion. The technique is u.o;eful in dis;aurcgating 
the past output growth into its different componenlo;. but 
it fails to offer any explanation.-; as to why a given com
pt)OCflt. for ~xample. exports. is the dominant factor in 
explaining actual output changes in a given country. 
Nevcttheles..o;. the technique helps to identify the arca.'i in 
which the explanations can be sought. Second. the tech
nique is not stochastic in form. and hence it is not valid 
for econometric pmjcction.'i; the procedure can be u..<;ed 
only to analyse the ~:c post facto performance. Third. the 
conclusions drawn from a d«ompo'-ation analysis arc 
valid only for the pa11icular time pernxf chosen and the 
level of industry di.ll:iggrcgation u.<;ed. An alternative set 
of these parameters may pmduce different results and 
perhaps variant condu.'iions. Lastly. the demand-side de
composition is partial and needs to be .:omplementcd by 
the supply-side decomposition to obtain a more complete 
pic..1ure or the gmwth pnicess. 

Table lil.12 sumrnari1.cs the overall decomposition of 
the five sectoral output changes of tM selected Asia
Pacific countries into the rour effects-final demand. fi
nal demand import substitution. cxpon\. and technical 
change and input import substitution combined between 
1975 and 1985. 

Obviously. factors affecting the growth or the manu
facturing sector are of crucial importance to a study of 
industriali1.ation. The manufacturing sector was the fa\l
est-growing sector during the period from 1975 to 1985. 
accounting for the largest share or total output change in 
all the sample countries with the exception of the United 
States: 31 per cent for Indonesia; 44 per cent for Japan; 
40 per cent for Malaysia; 38 per cent for the Philippines; 
51 per cent for the Republic of Korea; 49 per cent for 
Singapore; 41 per cent for Thailand and 33 per ecol for 
the United Stales. Among the four factors affecting the 
growth of manufacturing output. final demand effect was 
lhc slrongesl in all counlries. except for Singapore. 
where exports dominated final demand. In particular. the 

•for a cnmpreMn~1vt' di"1C1minn nf IM -•hodnl"IEY of m11hiw.:1or 
comrarative analy"~ including 1npul·oulpu1 growrh accoun11n11. «<ti 
C"heMry and Olhen 1291. chapter ~-

l'f'lative importanc..-e of don~stic mmcts for manufac
lural good\ w:a.o; more pmnoulk""Cd in \kvdoped c..·oun
tri~ such a." Japan and the United Sutes. and :also in 
son~ \k\-eloping c..·01.antries soch :t.\ lndon~sia. all ;amount
ing to "'·er 'JO per c..-enl .. white the pen.Tnl:age '-"lHltrihution 
of final \kmanJ lo m;anufac..1uring oulpul in more soc
cn.,ful exporters in the rest of the group was c.."lNl.'>i
der.ably lower. all below 80 per '-"Cnl. 

lkspitc the primary imptxt:anc..-c of the domestic m:ar
lct. m:anuf:acturcJ expt>rts were dearly shown a." the 
second mosl important c..-ontributing factor to the gmwth 
of manufac.."luring output in all sample c..-ountrics. The 
;!.:ports share of manuf:k."luring output growth wa.-. nearly 
15 per l."°mt in Indonesia. 25 per c..-cnl in Japan. 5(} per 
c.."Cnl in Malaysia. 21 per c..-ent in the Philippine11 .. .34 per 
cent in the Republic of Korea. 83 per c..--mt in Singapwc. 
29 per c..--mt in Thailand and 12 per c..-ent in 1he United 
States. TilC empirical resulls seem to confinn the LTUCi:al 
mle of manufOk."lured exporl.'i in accelerating industriali-
7.alicm among most su.:ces.. .. ful expon~ntcd economics 
such a.o; Japan. Malaysia. Republic of Korea. Singaptn 
and Thailar.J. Morawer. the cffcc.."l of final demand mav 
have been overestimated and that of rnanufa"lun:J c.;_
ports underestimated. since the strong lKltput mulliplicr 
effect of manufik."luttd expono; on domestic demand is 
not properly taken into account in the numeri'-'.al ~ull'i. 

The effcc.."l or import substitulilHl or final manufa1ured 
pnxfuc.."ls wa.'i negative in all counlries. and relatively 
weaker than the effects of overall final demand and ex
ports. hut ils strength varied ClHlsiderably among the 
countries compared. Negative import substituli1m may 
imply a decrea.o;e in demand for domestic manufa..:tun:J 
goods in favour of imported gOl·ds because of import 
libcrali1ation. A nega1ivc import subs1itution effcc.."l wa.'i 
rclalively significanl in Singapore (-22 per cent). Malay
sia (-16 per cent). Thailand (-12 per cent). and 1he 
Unitnl States (-11 per cent). wherea.-; the same cffec1 
wa.'i relatively weaker in lndone11ia (-9 per cent). Repub
lic or Korea (--6 per cent) and Japan ( - 3 per cent). 

The la-.t scMJrce of growth corrc'ipondo; to the net effect 
of the two types of change. namely lhc changes in do
mcslic input-oulput coefficients and changes in the im
port rnatnx of intermediate good .... The changes in the 
imptlrt matrix of inputs are brought ahout '.1y imports or 
new inputs as well a~ lhc domestic substitution of im
ported inputs a." manifesled in local contents programmes 
pursued in many Asia-Pacific developing c1K1ntries. The 
ch;?nges in domestic input-oulput coefficients arc ha.o;i
cally caused by changes in production technology. a-; 
well as by substitulion among various inputs. often in
duced hy changes in relative prices. The two effects arc 
closely interrelated and difficult to separate algebraically 
one from the oiher. as discussed earlier. The combined 
effecls of technical changes and import subs1itution of 
inputs varied in ~ilive and negative signs among coun
lries .. and arc generally small. less than IO per cent in 
most cases. wilh the exccptmn of Japan. perhaps renect
ing the mutual cancellation of domestic substitution of 
existing imported inputs and imports of new intcm1edia1c 
goods required .ly the changes in production technnl1lgy. 

The second most important sector in terms of sectoral 
output change is the service sector in all countries. with 
the exception of the United States. where service contri
bution lo total output changes was greater than that of 
manufacturing. The service share of output contribution 
ranked closely behind 1he manufacturing sector in most 
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cuunlrin. r.mging bctwttra 30 per c..-cni and 50 per c..~nl. 
The gru•lh of the ~n·ic..~ scc.."tor is genttally ptt\lomi
n:mlly influenced by the domeslic martet. but the effect 
of scrvk.-c exports is quite \."lllL,.idcr.tble in some countries 
sudl as Mal;;1ysia (23 per \."ml). the Philippines (22 per 
cent). Republic of Korea C20 per ccnO. Thailand ( 17 per 
c..-cnl) and p:articul:irl)" !n Singapore. where SttVk.-c exports 
c..-onlributed to nX'tt than a half of the output growth of 
the sector. Apart from toufio,.m. Singapore is a well-known 
l."mltt for financial and other seni'--cs as an entrepot in 
the region. Other effects on service output seem to be 
n:lati~ly negligible. 

lbc agrk."11hural share of total output change amounted 
lo les.'> than IO per ccnl in mosl countries. wilh the cxccp
lion of the lesser de..-elopcd \.-OUnlries of the sample group. 

n:imely Indonesia and lhe Philippines. Domestic demand 
,..as shown to he the dominant faclor for changes in agri
cultural output. Howe,,·er. export effects 01K also quite 
stmng in resoun.-c-rich -.-ounlrics such as Malaysia. Thai
land and United Sulcs. 

The sh3fC of mining and quarrying in lulal oulpul 
change is insignificanl. u..'>ually less lhan 3 per c..-cnl 
acmss \."\Mmlrics. The major exc..~ions are oil-exporting 
Indonesia ( 12 per \.-Cnl) and mineral-exporting Malaysia 
(9 per \.-Cnl). As expected. lhe export effcc..-ts dominate all 
other effcc..'1s in Indonesia and Malaysia. Notably, the 
growth of lhe mining sa.'1or appear.. to be significantly 
affcc..'1ed by technological change and inpul imports sub
stilution in many \."\JUntrics such as l~a. Philip
pines. Republic of Korea. Thailand and Unit.:J SlalCS. 

TaWcm.tz. ~pmitioe o1-na al pas1• ia lldcctat .Asia-Pacif"11: -•lrica 
(Pcrcc1ua1c) 

Dcn>111~11ioa 

197S· 191S Tccb•ical 
Ou1pa1 Fiaal Jcma•d cba•1c a•d 
cba•1e Pcrccn1aae Fiaal ilDpol'I ••pew• .. , •• 

Covnlry and 1tc1or (lbolosand dcC:an) sllan: dcmaad StollShlatllJll E1pcw11 sab1111ataoa l:nc1pla1ncd 

,,,..,.,.. 
A&rit•ltun:. li•catock. foruuy 2176.S ..... .... 6S 6S.16 ·2.6 .. 10.60 ?7.•I ·0.60 
Mill,.S aad qaa~yinl II?? .. 17.s 12.?7 10.?2 0.S7 M.•o 2? ?• l 71 
Maaufac1ann1 •S 91610? l0.96 9).19 ·l.60 IC.17 1.16 ·I.JI 
Elcc1ncity. au and water supply I 616 IS? 1.09 Sl.•O ·l.S9 S.11 17.19 ·0.SI 
C-Slr•Clioa IS 969 •63 107.S 99.19 ·O.ll 0.77 O.ll ·00? 
Scnicc"- uadc and 1ransp.1t1 .... 96961? lO.?I U.60 ·•.6S I.OS I 6S ·066 

Total 1•• Sll 109 100.00 

,,,,_ 
A&riculturc. linstock. forestry 71 .CSI 77? 2.60 IJ.09 ·J.?9 IJ.9S 6 .... ·0.S9 
M1n1•1 and quarryin& I 001016 0.29 UM.II ·6.4? IJ.IS ·10 26 ·0.S7 
Maaaracturi111 I 20'1 ?CJ? S7l 41.99 9S.S2 ·2.S6 2S.3" ·17.11 ·0.SO 
Ekc1nc11y. &as and wa1cr supply 7S 672 339 ?.7S 71.IM ·D.IS 7.12 ls.?O ·0 ?O 
C011Slruc1ioa ?JJ 371 cu 1 . .a9 96.6? ·0.07 0 S6 219 ·0.01 
Scr•iccs. 1n1dc and uanspou I ISi 473969 41.U ICM.« ·l.IJ 9.H ·l? . .at ·0.0J 

To1al ? 749 270 ISJ 100.00 

"""""" Aaricullurc. li•cstock. fotcstry S S61 272 9.H 6123 ·9.46 47.17 ·4.S7 ·?.07 
M1n1•1 and quarry1n& S Sil 079 9.0S JS.70 2.96 71.61 6.16 l.IO 
Ma1111rac1uru11 24 2SJ OJI 1910 7l.Ol • ls.61 49.JI ·7.IS 107 
Elcciricity. 1as and water supply I l6J 229 ?.24 Sl.07 ·l.J-l 12.IS 40.M ·OH 
C01111ruc1ioa S 619 SlO 9.22 16.42 ·041 2 JI 1216 ·0.41 
Scr•Kn. trade and trallSpol't ll 62S 4SI l0.S6 72.0I ·4.17 2l.l.a ll.71 ·4.?7 

To1al 60 9.a? 600 100.00 

,,,.,,,,,._ 
A1ricullurc. li••llock. forestry 9 747 471 17.J.t 1-4.IS ·3.47 17.Sl 2.20 ·0.39 
M1111n1 ••d quarryin& I 06? 69S 1.19 JS.21 ·1.32 24.SS Jl.ll 3.16 
M•n11fae1urin1 21 227 913 )7.76 71.22 ·S.31 21.44 4.10 us 
Elcc1rici1y, IH and water supply I J.aS OSI 2.19 61.SI ·2 . .5S 9.lS 23.04 I.SI 
Cot111ruc1iotl J 210 13" s.7S 94.00 ·0.71 4.37 2.20 0.14 
Scr•iccs, lradc and transport 19 606 023 J.t.17 94.11 ·6.61 21.92 ·11.72 2.31 

----
To1al S6 ??O 064 100.00 

/fqtltlK o( ICtwto 
A&ricullurc, li•cllock, roru1ry 16907171 1.00 64.79 ·2.71 16.22 20.14 0.9? 
M1n1111 and quarryin1 I .SSJ 071 0.74 24.4S 4.94 ll.40 S7.17 ·0.66 
Manurae1uru11 101 699167 Sl.4S 67.IO ·6.l2 3".44 4.00 0.01 
Ulcnricny, 1as and •••er s11pply s 091 70 2.41 75.60 ·J.S• 2327 S.01 ·0.30 
Consirunion 17729 lll 1.)9 9.S.ll ·0.17 2 ll 260 ·0.07 
Scr•icct, trade and transport 61 ?Ill 171 2?.01 IJ.00 ·2.Sl 19.IS 1.76 ·1.)7 

·ro1.1 ?II 276 IH 100.00 
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1'7S· 191S 
Outpel 
clla•&e Pertt•l•I" 

C-•lrJ a•d MClCW (lllo.SHd dollan) alaarc 

~ 
Acnt•hurc. livcslcxk. ron:str7 294117 0.6l 
Moao•& ••4 qHrrJU.& IOS Ml 0.23 
Ma••fat1uria& 2? Ill 749 49.0I 
l:lcc1ric117. &H aad water s•pplJ llS 664 uo 
Coes1r.c1ioll l 69167S 7.9S 
Scn1tts. 1radc aad uaaspcwl II 7SI 969 40.l? 

To1al 46 n1 s;~ 100.CIO 

n.lltMtl 
A&ri<•h•rc. li•cstcxk. ron:s1r7 7 670 261 10.4 .. 
Mi•ia& Hd q•arrJial I S?6 S61 2.0I 
Ma•.tat1ari•1 29 "'6 002 40.76 
l:lctiricilJ. aas ••d waler suppl7 1911911 2.71 
Coas•r•tlioa 4 743 6?9 6.46 
Scr•itcs. uadc a•d uaaspcw1 ?7 S97 336 37.56 

To1al 7347? n6 100.00 

UrritdS-S 
Aarinollarc. liYcs1cxk. fon:s1r7 190 041 744 ?.60 
M1a1a1 Hd qHrr1i•1 177 966 973 2.44 
Manufac1aria1 2 401S66177 32.11 
[lcc1riti17. 1u aad waler supply 219 112 Sl7 3.96 
("onitruc1ioa 411 119 171 6.S9 
Scnites. trade aad uansporl 3 763131 670 SJ.SJ 

To1al 7 303 lOl 972 100.0CJ 

~n: Sec lablc 111.S. 

1llc quanticative importance of public utilities, namely, 
electricity. ga" and water, in total output change is very 
small, although essential. and its growth is 'itrongly 
affected by two factors, final demand an<! technological 
change in m05t ca-;cs. By contrast, the share of construc
tion in total output growth is considerably greater than 
that of public utilitiei;. Since construction is basically 
non-trad:able. the growth of construction is expected lo 
be little affected by expons, but predominantly deter
mined by domestic final demand. Empirical rci;ults con
firm theoretical expectations. Finally, the uncxplaiued 
terms arc negligible enough to be ignored in most ca-;cs. 

The 50urces of grow:h at disaggregate manufacturing 
industry levels are graph1c'.!lly rcpre~nted in figure Ill. I. 
The rcsulti; by the broad manufacturing groups are 
al!iO summarized in table 111.13 to facilitate a compara
tive analy:;is. The first column in cable 111.13 for each 
industry group represents the effect or final demand, the 
!iCCond column that of expons, and the third the ratio of 
•he two effects. It is evident that final demand is the 
largci;t source of manuracturing output growth and cx
poni; the second most imponant source across the manu
facturing industries in all countries, with the important 
exception of Singapore. However, the relative impor
tance or expon., as opposed to final demand varies con
siderably acrosi; countries and among the indui;tries 
compared. 

In Indonesia, the cxpon effects of both light manufac
turing and capital goods are insignificant compared lo 
the strength or its domestic market, but the npons of the 
intermediate goods 5eetor, largely petroleum, timber, 

Dc.-po&itioll 

Tttll•ical 
FU.aldcaaad clla!lsc au 

Fiaal impcwl -pcwt ••p•I 

••••• Sllbalil•lioa E"pcwta aub&til•lioa Uac.pi.mcd 

IS6.S6 -76.n 101.61 ·76.17 ·4.61 
·IOS6 ·S 49 S6.49 6?.79 ·3.?? 
0.91 ·??.46 IH9 ·?.96 ·US 
?l.40 ·0.91 ll.97 6!.43 l.17 

10?.4? -o.n 4.61 ·6.2S -0.0I 
S6.S6 ·7.67 S?.ll ·O.SO ·l.19 

ll.79 ·ll.Ol l?.67 ·7.9? ·I.SJ 
4S.21 ·4.11 16.46 46.S6 ·3.4? 
74.76 ·ll.9S 21.11 l.?4 0.? .. 
66.0? ·6.2S l l.11 21.43 ·0.0? 

101.44 ·0.7S 2.27 ·2.94 ·0.0? 
79.ll ·4.]9 17.46 7.91 ·0.17 

113.90 ·10.12 20.19 ·24.06 0.10 
76.74 ·6.2S 10.37 !9.33 ·O.?O 

109.61 ·10.91 12.26 ·11.?l 0.21 
17.99 ·2.12 3.16 ll.63 0.04 

IOU4 ·0.71 1.13 ·4.19 
96.17 ·?.76 4.lS 1.79 ·O.OS 

rubber and mecal products, were shown to be a major 
source of growth for these industries. By contrast, ex
pons are an important source of output growth across 
almost all industries in the Republic of Korea. In particu
lar, textiles, garments and leather goods, rubber products 
and metal products derived output growth from abroad 
more than from domestic markets, while the exports of 
the capital goods !iCCtor were equal to about 65 per cent 
of its domestic market effects. It is evident that many 
manufacturing industries in Malaysia are export-driven, 
panicularly intermediate goods industries and machinery 
industry producing mainly electronic products. Those 
industries whose exports arc more imponant than the 
domeslic markcl a<; a source of output growth arc timber 
and wooden products, chemical, petroleum, rubber and 
metal products, all industrial-materials-processing indus
tries, lcxliles, garments and leather good,, and the elec
tronic goods industry. As expected, the contribution of 
cxpons to indui;trial output growth is less significant in 
the Philippines compared to more successful cxponers or 
lhe region such as Malaysia. Republic of Korea and 
Singapore. However. a few indui;tries, particularly tcx
lilcs. ganncnl<; and leather goods, metal produces and 
machinery showed remarkably strong cxpons cffecL<;, 
almost equal lo that of final demand. In Thailand, final 
demand dominates cxpons in all indui;lrics except rubhcr 
producti;. Exponi; effects are relatively strongest in the 
light manufacturing group and weakesl in the capital 
goods group. and the intermediate goods group wa, 
found in between. The decomposition results obtained 
for Singapore are not surprising in view of the sprcial 
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char.actrnstics of the island entreptil a.-onomy a.o;; de
scribed earlier. Exports dominate domestic markets in 
almost all indu...rrics. and c.:01.-er a wide arr.iy of pruJuc.:ts 
ranging fmm light rn:mufac.:turing and indu.o;;trial raw 
malrnals lo sophist!c.:atcd c.ipital good... for in.o;;unce. 
refined fuds ac.:c.:ountcd for 41 per c.:ent of total mmufac.:
turing output change. and more lhan 70 per l-Cnt of this 
gm•-th wa.o;; ilCl."'\Xmtcd for by its exports. while final 
dcnwtd l."'l>11tribu1cd about 11 per l.-Cnt. Likewise. the 
share of machinery industry in the tol31 c.:hmge in n13Jlu
f al."turing output hclwttn 1975 and 1985 wa.o;; around 
25 per 1.-cnt. and more thm I 00 per c.:enl of this change 
was Jue to it'i expons; the domestic.: market o>ntributcd 
about a 50 per c.:ent of its growth. while lhe positi\°e 
effa."ls or exports and c.lomcstic markets were partially 
liffsct by ncgati\°e imJ.crt substitution and lcc.:hnical 
change effcc.:ts. 

It is expcc.:ted a priori lhal lhe larger and more dc\·d
opcd an economy is. the less tr.iJe-dcpendcnt and more 
domestic-market-oriented it ~omes. By and large. em
pirical results for the United States and Japan confirm 
this expct."lation. Domestil· market'i are by far more im
portant than exports a'i a source of growth in most indus
tries in both countries. with one major exception. In 
Japan. exports of capital goods were a major factor for 
the growth of that industry. amounting lo more than a 
hair of the proportion explained by the final demand 
factor. while export-; of industrial raw materials were an 
imporuml source of lhe growth of thal industry in lhe 
relali\°ely resource-abundanl United States. with lhe 
export effect reaching aboul 40 per cent of the final 
demand effect. 

Turning to the import substitution of final demand. the 
negative sign for this variable may imply that all the 
countries examined here imported more final pmducts 
than were substituted for by domestic.: production a.'i a 
result. for instam.--c. of import liberalization. thus partially 
offsclling the expansionary output eITc!l."ts of final de
mand arid exports described above (Stt table 111.14). It is 
worth noting. however. that the negative import sub
slitution effecl varied considerably. depending on the 
c.:alegory of rnanuf;M..'"turcd goods. In general. the import 
su~tilution r-ITa."ls arc relatively weak for light manu
facturing and intermtdiate goods. with the exception of 
Singapore and the United States. bul notlbly strong for 
c.:apil31 goods in all countries exl-cpl for Japan. Parti
cularly. the negative import substitution effects are quite 
substantial for all ASEAN economies. that is Indonesia. 
Malaysia. Philippines. Singapore. Thailand. and to a 
les..o;cr extent lhe Republic of Korea. This may imply that 
these countries imported on a large scale a wide range of 
capital good.o;; lo broaden an industrial bao;e and 
strengthen their export capacity. By contra-1t. Japan is 
a major exporter of capital good.o;;. and attained a high 
level of self-sunic.:iency in machinery md transport 
equipment This was renected in the negligible eITecl of 
import substitution of capital goods for Japan. Mean
while. the significant effects for the United States may 
suggest that the Uniled Stales economy depend-; s1•!r 
slantially on imported capital goods as well as i1ght 
manufacturing good-1. and the relalivc largenes.-1 and 
openness of United States market-; vis-a-vis other market 
economies may have contributed partly to this import 
pattern. 

Table Dl.13. Comparima of &lie dfa:ts of r ... 1 dcaaad aad maallfacl•rcd c11pcwu ia lldccacd Aaia-!"aciric -••ria 
(Pcrccn1a1c) 

L1,bl manufacturin' ln1crmcdia1c 'aods 

final Ea pons/ Final E1poru/ 
CuunlfJ demand Ea pons final demand demand E1ports final demand 

Indonesia 10? 60 
!lhlaysia IS.11 
l'll1hpp1ncs 10.7? 
Republic ol Korea 71.41 
S1naaporc 9118 
lhiland 6S.77 
bpan 103.99 
l:n11cd S1a1cs 102.60 

Sowrn: Sec table 111.S. 
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6.41 6 ?S 71.lS ?1.64 40.1 .. 
2S 4? 19.6? S7.ll 61.47 107.ll 
f.C 01 17 ... 4 71.66 21.60 l?.9l 
31.7-1 44.40 6'11.01 33.97 49.17 
19.61 9S.4S 27.63 77.J.C 279 91 
?I 10 43.71 7S.79 ?9.30 31.66 

.s 96 .S.7) 120.)2 26.71 ?l.26 
6 .. I 6.2.S 71.3.S 21.64 40.14 

Table m.14. Elfccts of fiul dcmaacl import Abslitalioa 
ie 11Clcctc4 Alia-Pacific: -•trio 

(Pcrccn1a1c) 

Coun1ry 

Indonesia 
Malaysia 
Phihppincs 
Republic or Korea 
Sin&aporc 
Thailand 
Japan 
Uni1cd Stales 

Li&hl 
manurac1urin& 

-1.89 
-7.46 
-2.31 
• 1.22 

·46.44 
·2.S3 
-3.14 

·10.lS 

Sourc~s: Sec 11blc 111.S. 

ln1crmcdia1c 
&ood• 

·4.90 
·S.63 
-4.00 
·4.41 
·8.77 

• 13.S7 
-2.34 
·7.92 

Fina: 
demand 

l?S.U 
16.18 
IS.6l 
67.01 
61.'0 

107.77 
69.18 

l?.S.14 

Capi1al 
&oodl 

·36.lS 
·S4.27 
-27.47 
-17.68 
·42.73 
·42.91 

·2.60 
• 14.83 

Capnal 'aods 

E1poru1 
E1poru final demand 

10.?4 IH 
64.28 73.99 
S4.0I 61.07 
44.CM 6S.7? 
91.93 149.7? 
27.77 2.S.7? 
36.ll .S?.06 
10.?S 1.14 



As ellpccted. the combincJ effects of technical change 
anJ input import substitution showed wide variations in 
both sign... :tnd magnitude acmss the countries anJ 
among the manufacturing indu."itries examinal here. By 
anJ large. the pmduction nf intemictliate goods sccm"i to 
be more sensitive to these changes than light manufac
turing or capital goods industries. The result is not sur
prising. sioce this variable capt11rcs the net effect of 
changes in the structure of inpuls induced by both a 
change in production technology anJ input import substi
tution. The most affected industries in Indonesia arc all 
in the interrnaliate goods sa1or. namely tim~r and 
wooden prodtx.'1.'I. petroleum pmducts and non-metallic 
mineral pruducts. In the Republic of Korea. the inter
rnaliate goods industries most affected were also timber 
anJ wooden products. petroleum product'i and rubber 
products. but machinery and other manufacturing 
showed an appreciable positive effect. perhaps renecting 
the effect of an aggressive locali7.ation programme to 
reduce dependence on imported inputs. In Malaysia. the 
industries significantly affected were non-metallic mineral 
products. rubber products and textiles. garments and 
leather good": in the Philippines, timber and wooden pro
duct'i. petroleum produl.1s. transport equipment and other 
manufacturing; in Singapore. timber and wooden pro
ducts. pulp and paper. rubber products and lr.ln.'iport 
equipment; and in Thailand. paper and pulp. perroleum 
product'i, non-metallic mineral products and metal pro
ducl'i. The most discernible effects were observed in the 
industrial materials industries also in Japan. namely tim
ber and wooden products. petroleum product'> and non
metallic mineral and metal products. and a similar situ
ation prevailed also in the United States, a'> the list 

is heatkJ by metal and non-metallic mineral products. 
rubber products and paper and pulp. 

D. Trad~ and industrialization in 
sub-Saharan Africa 

The la"il cJccadc wa.. a lost decade for sub-Saharan 
Africa in every sense. Both exports and import'\ shrunk 
by 3 per l.-Cnl per year (table Ill. I). real per capita GDP 
dmpped by 2.~ per cent per year. and gros.'> domestic 
investment dcclinal by 4.3 per l.-Cnt per year over the 
1980s. The GDP share of gross domestic investment and 
domestic savings declined from 20 to 16 per l.-Cnl and 22 
to !3 peH-cnr. rc5pcl.1ively. for Africa between 1980 and 
1990 ((30). tables 8 and 9). The structure of pmduction 
.. nd trade. consumplion patterns. and social and economic 
institutions inherited from the colonial era havro either 
changed little or worsenal in the last decade in most sub
Saharan African countries. As a result. the majority of 
sub-Saharan African countries are still producing what is 
not appropriate for domestic consumption. and consum
ing what they do not produce. Industrialization is ham
pered by crushing debt burdens, the lack of efficient trade 
and financial institution.'i. and the paucity of trained and 
skilled labour. The structure of sub-Saharan African ex
port'> is still characteri7.cd by the preponderant share of 
primary commodities and concentration in a few com
modities. with the lion·s share of leading commodities 
going to a small number of countries. In nearly all ca...c:i;, 
the share of primary commodities in total exports is 
extremely high, in excess of 90 per cent in most ca'iCS. 

Rgure 111.1. DecomposHlon of sources of growth In manufacturing Industries 
In selected Asia-Pacific countries, 1975-1985 
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The 'tru..:tural fragility of 'uh-Sahar;m Alricm crnno
mics j, undcN:ored hy th1' Clu:c,sivc depcndcrn:c nn a 
few cxporl i:nmmodilie,. It i'i well knnwn that primary 
produi:l'i tend to he highly incla,tii: hoth in 'upply and 
lkmand, and hcni:l' ,uffcr from ho1h prii:e and rcvcrrnc 
in,1;1hihty. l>r;1,tii: llu..:tuation in intt•rnalinnal prin·, or 
in c\ternal dcmand 'c\crcl~ l"rippk' a i:ounlry·, ,-.1pai:ity 
to cam forcign l'11,·han/.!l'. imporl. /.!l'ncrall' cmploynll'nt, 
and for that mallcr i11111a1c and '"'tam indu,trial11at111n. 
l"u''' rclatcd to tradl· ;rnd ind11,1riali1a1ion in i::cnl·ral. 
aml lhc rok of tradc Ill al"i:clcratmg indu,tnalit.ation in 
'11h-Saharan Afril"•1 in par11i:ular, art• cxamincd in th<" 
follm1. Ill)! sei:llon'. 

I. Tht ltructurt of trade 

Suh-Saharan Alrii:a. w1lh a populalion of ahout 4:'i0 1.111-
11011, ;K't·ounlcd for 8.h pcr i:ent nf thr world population 
111 l'J89, hut only 0.7:'i per n.•nl of world Cil>I'. ahout 
SI :'iO hi Ilion, and sli).!hlly le" than I per rrnl of hoth 
world cxporl' and imporl,, around S.'O hillion ead1 in 
thc .,;unc ycar 1.111. Although rakulated from a very 
~mall stari,tii:al hasc, ,lJ:·-Saharan Afrira enjoyed•• rapid 

)!rowlh ratt" of ahoul 20 per rent a ~car in hoth ii'> total 
exporls and imporh durin)! thc 11>71". hut ,uf frrl'll a 
sharp rever,al with it' total cxporl' and imporl' hoth 
dl·i:lining hy ' per rem per }Car during the 1980,, a' 
shown in lahle Ill. I. The fundamental wcaknc'' of 'uh
Saharan ri:onomic' i' that primary i:ommmlilie' daimed 
thc lion·, 'han• of ih tolal cxporl,, and \l.or'e yl.'I. C.\· 

por1' are i:11ni:cnlratcd m a !cw ,·0111mod1tie' expork•d to 
a 'mall n11111hl·r of markch. Commodily e\p11r1s ;in·ount 
tor owr 81) pl'r i:enl of tolal l'Xporl earnin/.!' in mmt 
'uh-Saharan l"mmtn<"'- Manufadured ell.por1' from 'uh
Saharan Afnl"a an· rclalivcly nei::hµihlc. Tl11' 'lrurtural 
imhalanl"t' in tradc i' dcarly 'hown 111 lahlc 111. l:'i. Thc 
Afril";lll 'hare of world manufarlurt•d rxpor1' rl'lll;llnl·d at 
.111 111'il-!11ifil-;1nl kH"I of around IU pcr n·nt. whilc 11' 

'hare of primary r11111111odity expor1' dcrlined 'harply 
lr11111 around Ill pl·r •en! lo h pcr l"l'llt hl'l\l.ccn 11>70 and 
1'>811. S!al1,1i,·, f11r Afr1,·a Wl'rt• no! hroken down for 'uh
Saharan Afri,·a. lhl· 'harl' of whid1 would ohvio11,Jy he 
C\Cl1 'mallcr. Mcanwhik. S11uth and South-Ea'I A'ia 
rontra'" 'harply "1th thc African p1•1forma1Kc. wi!h ii.. 
'harc of world manuf.irturcd l'Xporh n'lll/.! 'lt'l'ply from 
·' to I.' pcr rcnt. and lhl· w111111t1d1ty share from 7 lo 
IO 1x·r i:l'nt durini:: !he '<Hill' JX"n11d. 



TllWe l!LIS. A1rKaa sllare el uperts ia -W ..... 1'71, I,_ ... I"' 

All manufactured goods!-' Primary tommodities (including fucls)l/' 

Economic grouping. 1970 1980 1989 1970 1980 1919 
region and item (million dollars r.o.b.) (:nillioa dollars r.o.b.) 

World nporls 189 913 l oas 112 2 106 523 l lS 480 869 240 804 322 
Developed market cconornics 160 352 892 656 1MO399 SI 465 331713 420 360 
Developing economics 10 4SS lOS 04! 344 243 4S 861 456 210 293 039 

Africa 841 3 821 8 879 11 169 90 450 46 858 
South and South-East Asia 6 208 72153 261254 7 960 66 459 76 709 

African share (percentage) 
Of world 0.44 0.3S 0.42 9.67 10.41 S.13 
or developing countries 8.04 3.64 2.S8 24.3S 19.82 IS.99 
or South and Sou1b-Eas1 Asia 13.SS S.30 3.31 140.31 136.10 61.11 

Soiuc~: Sec table Ill. t. 
II Standard ln1crnarional Trade Classification (SITC) (S+6+7+8)-68. 
Ill SITC (0+1+2+3+4+68). • 

Table 111.16 reveals fundamental weaknesses of ex
ports from sub-Saharan Africa in sharp contrast to lhosc 
from Easl and South-Ea.o;t Asia. Disreg~ing a minu
scule export from Comoros. in 24 of 30 sub-Saharan 
African countries listed in lhe table. primary com
modities accounted for 80 per cent or more of their total 
export revenues in 1989. Only six countries. Cameroon. 
Central African Republic. Mauritius. Senegal. Sierra 
Leone and Zimbabwe. derived 20 per cent or more of 
their total export re"venues from manufactured exports in 
the same year. By contra'il. the share of manufactured 
exports in total exports in East and South-Ea.'it Asia 
ranged from 32 per cent in Indonesia to 94 per cent in 
the Republic of Korea in 1989. Moreover. table 111.17 
shows a percentage distribution of manufactured exports 
among 30 sub-Saharan African countries. If the level 
of manufactured exports should be a good guide to the 
level of industriali1.ation in a country. the results point to 
the embryonic stage of development of the manufac
turing sector in the great majority of sub-Saharan Afri
can countries. The combined share of three countries. 
Cote d'Ivoire. Mauritius and Zimbabwe. amounts to 
about 54 per cent of total exports of the 30 countries in 
1989. What is even more revealing is that the total manu
factured exports earnings of these 30 countries. around 
SJ billion. was less than half the manufactured exports of 
Indonesia. the smallest of the East and South-East Asian 
group. and only 5 per cent of the manufactured exports 
of the Republic of Korea in 1989. 

The vulnerability of sub-Saharan economics is also 
mirrored in the strncturc of imports. Table 111.18 shows 
the structure of imports by main product groups for a 
do1.cn sub-Saharan countries and several East and South
East Asian countries for various periods. Since data for 
imports are less complete than for exports. the import 
table includes a smaller numher of major sub-Saharan 
countries. The overall picture is heavy import depen
dence on manufactured goods in both sub-Saharan Af
rica and East and South-East Asia, ranging between 50 
to RO per cent of total imports. But the similarity ends 
there. In most suh-Saharan countries with a few excep
tions. the share of both food items and fuels either main
tained its 197S level or considerably increased over the 
1980s, while the share of manufactured imports declined 
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in varying degrees during the period_ It must be noted 
that lhc changes in the distribution of imports would 
have been much more pronounced in tenns of volume 
ralher than values. since world market prices for food. 
fertilizers and oil fell sub!>lantially. while prices for 
manufactured goods by and large increased during the 
19R0s. By sharp contrast. the share of manufactured 
imports increased considerably, while lhat of food and 
fuels decreased in all sample countries in Ea.'it and South
Ea.o;t Asia. except for Indonesia. The implication is clear. 
In sub-Saharan Africa. the foreign exchange squeeze 
resulting from debt overhang. falling commodity export 
revenues and diminished capital innows forccJ many 
countries in the region to compress imports, and the 
manufactureJ imports must have borne the brunt of 
drastic import curtailments. By comparison. the imports 
of manufactured goods. mainly inteW1ediate inputs and 
capital goods. increased sharply lo sustain the rapid 
growth of manufactured exports in East and South-Ea.'it 
Asia. Import compression at the expense of manu
factured imports would clearly have serious implications 
for industriali1.ation in sub-Saharan Africa. which will be 
discussed in detail shortly. 

1. Barri"s to manufactured export.<; 
in sub-Saharan Africa 

The great majority of sub-Saharan countries have a 
small industrial base and export few manufactured goods 
as shown earlier. The manufacturing share of GDP is 
IO per cent or less in most countries. Tahlc 111.J shows 
that the sub-Saharan share of world MV A is very insig
nificant. marginally changing from 0.2 to 0.3 per cent 
during the 1970s. but stagnating at a O.J per cent level 
with an annual growth rate of 1.6 per cent during the 
l 9ROs. The !>mall manufacturing base and stagnation in 
the manufacturing sector implies that very little import 
suhstitutmn has taken pla:e in sub-Saharan Africa. Al
though there arc a small number of countries with a rcla
tivC'ly large manufacturing i'>C'Ctor such as Kenya, Cote 
d'Ivoire. Mauritius and Zimhabwe, they arc still at the 
very early stages of industriali1.ation. 



T8WIULlf. M • .... apelt .._.ill..._...~ e1--.S .. _Afrir9. _.EB_. W..Asia ill ..-...,..s 
To1al To1al 

(•illioe hrtta!•Ct' (••llllOll Pcrtt1nacc 
Co.airy Year dollars) sllan: Co.airy Year Collars) sllan: 

A W-~Afnc• 

Aaeo&a 1975 71.7 7.7 Yala•1 l97S S.1 0.6 
1916 13.0 0.4 1919 lS.S O.S 

Burluaa Faso 1975 ?.I 0.3 Mali l97S 4.) OS 
1918 ll.2 0.4 1919 11.4 0.6 

Buruad1 l97S 0.9 O.l Maiari1uia l97S 3.7 0.4 
1919 4.1 0.1 1917 1.7 0.1 

Camcrooa l97S 47_3 S.l Mauri1i11S 197S 33.9 3.6 
1911 2?4.S 7.4 1919 647.3 21.? 

Cape Verde l97S 0.3 Mou111biqac 197S 12.9 1.4 
l9el 0.4 1919 17.7 0.6 

Cca1ral Africa• l97S 11.1 1-2 Ni&cria 1975 16.0 1.7 
Rc,.blic 1919 60.0 2.0 1919 11-4 2.7 

Cbad 197S 3.1 0.3 R-•da 197S 2.0 0.2 
1919 12.0 0.4 1919 l.S 

Comoros 197S 2.6 0.3 Scacpl 197S 69.4 7.4 
1919 3.3 0.1 1919 167.9 s.s 

Core d"lvotn: 197S 132.3 14.1 Sie"at- l97S 7S.9 I.I 
1919 S4?.l 17-1 1919 21.4 09 

E1hiopia 197S 3.9 0.4 Toeo 197S 7.1 0.1 
1911 11.4 0.4 1919 17.4 0.6 

Ga boa 197S 9.4 1.0 Ucanda 197S 
1911 llS.7 u 1919 ]_j 0.1 

Gambaa 197S Uai1ed Republic 197S 41.1 4.4 
1918 4.9 0.2 ol'Taaza11ia 1919 33.6 I.I 

Gaaaa 197S 10.2 I.I Zain: 197S S7.I 6.1 
1919 llS.7 3.1 1919 134.2 4.4 

Kc11ya 197S 60.1 6.4 Zambia 197S S.6 0.6 
1917 113.4 3.7 1919 IS0.9 4.9 

Madapscar 1975 11.4 1.3 Zimbab- 1976 231.S 24.1 
1919 47.1 1.S 1990 453.S 14.9 

To1al 197S 934.6 100.0 
1989 3 os:u 100.0 

B. E.iUl tllld S-11-E.IUI Asia 

lndonuia 197S 85.6 1.2 Sinpporc l97S 2 231.S 30.0 
1989 6 945.6 S.9 1989 12 229.0 10.3 

Malaysia 197S 66S.S 9.0 Thailand 1975 317.8 4.3 
1919 12 229.0 10.3 1919 II 293.4 9.S 

Republic 197S 4 127.S SS.6 
or Korea 1919 60 622.7 SU 

To1al 1975 7 4?7.1 100.0 
1919 Ill 416.1 100.0 

:SO..rrt: ltolfdbooll of ln1'matiolull Trtllk 11r1tl Dwdopmnll Sllllillic1 lf/91 (Uni1cd Na110111 publicalioa, Salca No. E/P.92.11.0.6), 18blc Ill.I. 
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TMIR llU7. Eiipert ........ ..,. _. .... ries ......... __.... .. 
_. S1hna 4frim _. EMI _. S....-EMI Alia la ..-W JWS 

(Pctttuaic) 

Maia cspcwt ntcpia 

Total Apinall•ral 
(•illioa All rood ,... OfaHd Maallfact•rcd 

Co.airy Yur dollars) i&c- ••&crial& F111:ls _ .. Is 
pd& u .. 1111n1rd 

A. SU.SM.a A/ic• 

All&Oia 197S 969.3 ll.7 S.I 61.1 3.1 7.4 
1916 1 296.4 16.4 0.3 l?.1 1.0 O.? 

B•rtli•a FUD 197S 43.S 74.I 11.6 0.1 6.S 
1911 154.0 2U 43.2 O.l 7.3 24.I 

••r.adi 197S 31.6 91.6 4.7 D.9 2.1 
1919 77.1 61.1 u 0.1 0.9 S.3 ?9.l 

C•-rooa 197S 446.3 66.9 14.7 0.3 7.6 10.6 
1911 924.0 37.l 17.9 12.3 1.2 24.3 

Cape Verde 197S 2.0 IO.O s.o IS.O 
1911 3.t 13.3 2.1 11.1 ?.I 

Ccatral Africa• 197S 47.2 2S.7 S0.6 23.7 
Rcp•blic 1919 140.3 J0.6 23.7 1.2 42.1 1.7 

Cllad 197S 40.0 16.2 66.9 7.9 0.1 7.7 0.4 
1919 ll2.1 44.6 4S.9 0.3 9.0 O.? 

c- 197S 9.S 4.7 27.I 67.6 
1919 l?.4 71.0 1.6 0.1 26.6 

C6tc d1woirc 197S I 111.6 62.5 19.4 S.7 o.s 11.2 0.7 
1919 2 963.4 41.7 lS.3 17.1 0.3 11.J 0.3 

E1lliDpia 197.S 21.S.2 12.3 11.J J.J 0.4 I.I 0.1 
1911 421.1 77.2 16.I J.0 0.2 2.7 0.1 

Ga boa 1975 941.9 0.3 S.6 12.9 ID.2 1.0 
1911 1429.0 2.2 13.4 66.0 9.7 I.I 0.7 

Gambia 1975 41.1 99.7 0.1 0.1 0.1 
1911 41.0 17.3 1.6 10.2 0.9 

Gllaaa 197S 721.2 77.1 9.7 2.1 1.2 1.4 0.1 
1919 I 023.9 44.7 9.9 4.4 2S.9 11.J 3.1 

Kea ya 197.S 456.0 41.0 lS.4 12.2 I.I IJ.2 0.1 
191> 961.0 66.7 S.4 14.4 1.3 11.7 o.s 

Madapscar 1975 301.4 7S.4 S.6 1.6 6.4 4.1 
1919 311.9 71.2 3.4 2.0 I.I IS.I 0.2 

Malawi 197S 121.l 92.4 2.2 0.1 4.7 o.s 
1919 167.S 19.6 3.0 0.1 S.I 1.S 

Mah 1975 36.5 41.0 47.0 0.2 11.7 
1919 270.7 22.6 '5.1 0.1 0.1 6.1 4.6 

Mauri1a11ia 1975 174.J 1.4 0.9 16.6 1.1 2.0 
1917 427.1 64.3 0.2 3.9 31.2 0.4 
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Mai• cspon ta1cpics 

Total AJrirsll•r•l 
(•iltim All (GM ,.. Ora •11411 MH.Cact•rcd 

COo1•1tJ Year dollars) i1ca1 ••1Criall F.cll -••II pda Uaalllxazc4 

YA•rillws 1'7S 294.6 ... 4 0.1 IU 

1917 ..... ll.I o..s cu O.l 6U 0.4 

Mlll••b"l..c: 19U ?O?.O 6?.I 11.4 10.9 u 6.4 

1919 IOI.I 6S.7 4.0 D.l l?.I 17.S 0.7 

!II.,.. 197S 7911.4 u 0.6 91.l o..s 0.2 O.l 

1919 I ll7.7 ?.2 2.0 9S.l 0.9 1.0 O.S 

Rwaada 197S 4?.0 71.4 9..S 14.J 4.1 
!919 91.6 79..S 11.0 1.4 u 6.6 

Scaca•• 197S "62.4 n.o 2.0 7.0 24.0 lS.O 
1919 641.4 45.6 u 11.6 7.0 ll.9 0.] 

Sicrr•I- lt7S 140.0 24.I 0.9 S.t 14.l SU 0.1 
1919 117.9 ]I.I o..s u 0.4 20.6 09 

Top 1975 124.1 27.7 1.0 u..s S.I 

1919 24S.I 2?.I 16.l SU 7.1 I.? 

u, .... 197S 261.0 14.2 11.I l.9 
1919 249..S 92.l 6.4 1.4 0.2 

Uai1cd Rcpablic 197S J4U S4.t 27.1 s..s 0.4 n.o O.? 

olTHza•ia 1919 214.t 49.2 :!l.4 l.S 14..S II.I o.s 

Zaire 197S 164.I 17.7 ].4 0.7 70.7 6.6 1.0 
1919 I 2S4.4 IS.I l.6 11.6 S6.2 10.7 l.I 

Zaebia 197S &OS.I 1.4 0.1 0.3 97.S 0.7 

1919 I J47..s 3.9 1.4 0.1 13.4 11.? 0.1 

Z1111babwc 1976 144.I 36.l 9.1 I.? 26.0 27.4 0.1 
l'-"'O I 467.6 44.1 7.l 0.7 IS.9 J0.9 I.I 

B. &# M4 s-Ji.£a# Nia 

I lldotlC1ia 197S 7 IJO.l I.I 12.J 74.9 l.S u 
1919 21 77?.9 l?.O 9.J 40.l 6.S 31.9 

MalaJ•ia 197S J 146.6 lJ.2 JU 10.9 IJ.9 17.J 0.6 
1919 2S 110.I ll.9 17.9 16.2 ].0 41.7 O.J 

Republic ol Korea 1975 s 070.6 IJ.2 I.I 2.1 l.J 11.4 0.2 
1919 6" IJ7.I l.J l.J 1.0 0.1 9J.S 0.1 

Sinpporc 197S s Jn.1 9.S 12.S Jl.6 1.0 41.S I.I 
1919 J9JOU 6.1 4.S 12.1 2.7 69.7 4.l 

Tllailand 197S 2 162.2 62.7 12.J 0.6 7.4 14.7 l.2 
1919 20 OS9.J JU 7.J 0.1 1.7 S6.J 0.7 

Sotwcr. Sec 1ablc II I.I. 
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T.W. llLl&. r..,..t _......., _.....,..m iia Rledell ...uilsr:.f 
~s hmn Africa_. East ... ~ Asia ia MIKM ,...s 

(Perccataie) 

87 maia urcpic:s ol imporrs (~rttaracc) 

Total A&rit•ll•tal 
(millioa Alt rood raw Oraaod !lb•.tatr•ttd 

Cooa•rry Ytar dollan) ircas mare rials F.cls -rats ioocts l:aalloxarcd 

A W-.S...- Aftic• 

•·r.•di 197S 6?.7 16.2 S.2 S.9 I.I 69.9 I.I 
lftS 19).4 16.0 0.? 17.7 1-l 61-S ).) 

ca-- 197S S91.l 11.0 0.6 ID.I 1-2 n.o 0.2 
1919 1 273.3 16.l 0.4 1.4 1.4 79.6 1.0 

COie dlwoitt 197S I 126.S 14.7 0.6 ll.9 1.7 61.) 0.9 
lftS I 7ll.I 17.? 1.0 2?.0 u S7.S 0.7 

Erllloopia 197S 294.0 s.o 1.7 17.4 ?.9 7?.S o.s 
1911 I OIS.0 17.l 1.7 9.9 0.1 70.2 

Kt•ya 197S 910.1 6.0 I.I 10.) ?.O 76.7 ).) 

1917 I 737.I 7.2 2.) 20.I 1.9 61.6 

Madaaascar 197S )66_9 14.? 2-1 20.1 1.0 62.5 0.1 
1916 373.6 IS.2 I.I 2?.3 0.7 S9.I O.? 

Malawi 197S 2SO.S 9.4 u 9_9 u 77.9 0.4 
lftS 29S.2 7.6 u 13.2 1.6 7S.7 0.4 

Niaeria 197S 6 041.2 9.S 1-0 2.7 1.9 "-' 0.3 
1916 4 021.2 16.1 l.Z o.s u 79.6 0.1 

Scac:1a1 197S Sll.4 24.7 3.2 11.9 I.? Sl.7 0.3 
1919 1 S34.0 ll.S 1.) 23.S u 47.7 

Sic:rra l.coae 1975 1S9.3 20.2 1.4 13.7 0.1 6!.6 1-3 
1914 126.S 20.7 u 19.7 1.1 S6.7 0.6 

Toeo 197S 173_9 14.2 2.2 7.S 1.1 74.I 0.2 
1919 471.9 ll.I 1.1 6.1 1.0 6S.6 0.4 

Zimbabwe 1976 619.7 2.7 2.9 19.9 I.I 67.4 S.2 
1990 I ISl.4 3.7 2.6 lS.6 2-4 7?.I 2.9 

B. Eaa """ Soudl-Eaa AJio 

Indonesia 197S 4 769.7 12.5 
1919 10 2S6.0 6.9 

M~laysia 197S 3524.6 11.2 
1911 16 232.0 10.I 

Republic of Korea 197S 12n.o 14.2 
1919 61 l47.S 6.2 

S1n1apou 1975 I llS.O 10.1 
1919 49 604.6 6.1 

Thail.nd 1975 l 279.4 4.l 
1919 25 651.7 5.5 

s,,,,,c,, Sec rablc Ill.I. 

It ha.~ been argued el!iewhere that the development of 
manufacturing capacity is an e.'sential precondition for 
building a manufactured export ba!ie, and any policy 
measures to promote manufactured exports such a' trade 
liberalization are relevant only well after the manufac
turing supply capacity is firmly established. It is evident, 
therefore, that sub-Saharan Africa should industriali1.e 
first and accelerate the pace of industriali1.ation through 
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2.1 S.4 J.9 n.J 
4.1 12.S 3.9 n.1 0.4 

2.1 12.0 S.2 61.7 0.7 
l.7 S.4 4.1 77.7 O.J 

11.4 19.1 4.7 S0.7 
1.9 12.4 7.1 6S.4 O.? 

5.6 ?4.6 l.l 56.4 1.4 
2.2 13.9 2.5 73.3 1.4 

4.0 21.6 J.9 64.1 2.0 
4.9 9.1 4.l n.o 4.1 

manufactured exports al later stages of its development, 
on lhe thesis elaborated earlier that manufactured exports 
follows industrialization and not vice versa Many ob
stacles stand in the way of industrialization, and in lhe fol
lowing 5ections M>me of them, bolh external and internal, 
and 50me endemic to sub-Saharan Africa are dealt with. 
Various policies to overcome lho!ie obstacles and to accele
rate indnstriali1.alion through trade will lhen be discussed. 



(a> Fo"ign rxduurgr squrr:.r anJ imptJTt n""f'rrssi1m 

Policies that affect both the import capacity and il"' 
stability :tR 1..TitK:;ally importmt for llcJgling mmufac
twing industries in sub-Silhar:in A.fric;a. gi\·en the high 
import depen<lc:nce of proJuclitm and invotmcnl in the 
manufacluring sa:lor a.' !Jltn11;n in i.tble Ill.lit In lhe 
pra""Cding section. some statislicotl e\·idetk.--e of import 
compression in must sub-S;ah;aran 1..·ounlrics \lli:IS anoi

lysal. ;anJ ii wa.s further shown 11t;a1 m;anuf;actuml goods 
have borne the brunl of import 1.."0lllpression. Si~-c the 
bulk of n1311ufactuml imports 1..-onsist.s of parts ;and nl;l
chincry ;anJ industrial raw materials. sc\·~ 1..-urtailmcnl 
of m;inufaL.'luml import .. 'i is likely to conlribute dim.'lly to 
serious t:apacity underu1ili1.ation ;and often a compktc 
stoppage of plant operation. A decline in capacity utili
zation will affect ad\·er.;cly not only short-run efficiency 
by raising per unit production 1.··osts. but also lower long
term returns to investment. Moreover. it has been shown 
that lhe 1.."USt penalties a.'isociated with capacily under
utilization i~-rca'iC faster below a 30 per 1..--ent levd. and 
~-e lhe production efficiency dnlpS more rapidly :ind 
the wa .. tage of scarce capiial becomes greater a.' the 
import mmpres.,.ion tigh1ens 1321. 

St;alistics on manufacturing capacity utili1..ati1m in Af
rica arc difficult lo n,mc by. Some fragmcntaf)· c\·idencc 
usuallv found in individual country studi~ pnn-ide a 
rough· guide to the magnirude of the problem facing 
African countries. For inslancc. one recent sludy on 
Kenyan manufacturing indu,.trics reported a wide \·aria-
1ion in capacily u1ili1ation among induslries. ranging from 
an extremely low capaciry of 21 per cenl in phannaccu
licals. :?3 per ecol in tran-.port \·chides and 22 per cent 
in slecl rolling. 10 high capacil} u1ili1a1ion of M6 per cent 
in 1ex1ilcs and 91 per ccnl in paper in 19K7 (331. Awragc 
induslrial capacily u1ili.1.a1ion in lhc l:nited Republic of 
Tan1ania i:. c:.limatcd to ha\e dropped sharply from a 
rdali\·ely high level of over 75 per ecol before 1975 to 
29..t per cent in 19K2. and further down to 24.X per 1.·en1 
in 19X5. Actual capacity u1ili1..ation for major indus1ry 
groups were a.' follows: food products 130 per ecol). 
beverages and 1ohacco 150 per ccnl). texlile" ( 40 per ecol). 
1annerics and leather (12 per cenl). plastic-. and phanna
ccuricals ( 19 per cenl). chemical-. and fertili.1crs 132 per 
ccnl ). nor.-mclallic minerals ( .. 1 I per cent). iron. sled and 
metal prnducls (33 per ccnll. and machinery and tran'i
pon equipment ( n per ccnll (34). In r-;igcria. the ex1.·e\s 
industrial capacit}· built for mineral-pro1:essing indu-.trics 
such as pelrochcmicals and for iron and \led during rhe 
oil boom in the 19?0s h;is t1m1ell into a .;eri11U\ problem 
of capacity underutili1a1ion in the wake of the collapse of 
nil revenues and ;1 "harp decline in aggregare demand. 
with few manufaclured exports during lhc 19Kih. and 
with ;iveragc capacity u1ili1atinn in those indusrries sink
ing tn around 25 per ecol in the mid- l 9ROs I 351. 

It is dear 1ha1 capacity undcrutili1ation is a major conlri
buting factor to poor indi...•trial producli\ity. The proh· 
lem of capacily undcmtili.1.a1ion often arises not only from 
1he import capacity constrain!. but also from resource allo
calion problems relalcd to the non-fungibilily of foreign 
project finance between capacity expansion and capac11y 
u1ili1alion. Project funds eam1arked for new plan!" can
not often be lran'iferred to ease the problems of under· 
u1ili1a1ion in the exio;ting plants in the silme industry (.141. 

The impon compression which causes capaci1y under
utili.1.ation and hence depresses induslriill pr<Kluctivity is 

a dim:t 1..-onsa;~-e of lhe for~ign exchange Sll~le. 
The foreign exch;ange 1.-unstraint in sub-S;aharan Afrit:;a is 
in rum 1..'0lu.'iCd. intrr alia. by lhe Jcbt o\·erfwlg anJ a 
~ncral Ja:line in '-·onmkldiry exports revenues. The 
cru~im~ deb! bunJen in sub-Saharan Africa is ;a nl;ljor 
.:;ausc f,';,- import 1.,llllptts."iion .. The African lk\·dopment 
Rank cslimaled lhc tol;al external Jcbt accumulaled in 
Africa from 197010 1988 h> Cl\: ~!ween S.!25 billion ;and 
S250 billion. a sum equal lo lhn=e years l,f imports in lhe 
l;alc 1980s (361. 

The deb! of Afrit:a ha." Ilk~ lhan lripled si~-c l'>KO. 
p;utly bc\:au..;c of evcr-in..TCasing borruv.·ing. but mainly 
bcc;au.'iC of lhe Ok.-cumulation of unpaid inlcrcs( over lhe 
past dcc;ade. Although lhe lot;al at.'"\.-umulated deb! in Af
rica appears small rcl;ali\-C lo lhe massive debt of Latin 
America. lhe severity of lhe African deb! bunJen is 
clearly underscored by lhe faL.'l that lhe debt burden on ;a 
per capita basis and in relalion to export earning" is 
hea\"ier lhan that of lhc -se,·erdy indebled- gmup in the! 
IBRD d;a.."-"ification .. For instance. ltllal external deb! ;a.." a 
pert.-entage of toul exports for sub-Saharan Afric;a in
crea.'iCd drastically f mm 96 .. H per cer.t in l 91ID lo 324 .. 3 per 
cenl in 1990. ctm1paml to ;in incre;ase fmm IX0.7 lo 
27 .. lK per ecol for 1he severely indebted gmup durinJ:! the 
~me peritld. As a pcrcent;igc of GNP. the ralio for sub
S;ah;aran Africa jumped fmm 2K.5 10 Hl9..I per ccnl be-
1ween 19XO :ind 1990. whiie !he ralio for lhe severely 
indebted group \11101."i up from 34..l hl 46.-1 per cenl during 
the san~ peritld .. Howc,·cr. the 101al debt senice ;as a 
per.:cntagc of total exports for sub-Silhara1; Africa wa.-. 
somcwhal lower lhan 1ha1 of !he latter group. The debt 
sen·icc ratio increa...al from I0 .. 9 10 19.3 per ecol be-
1ween 19XO anti 1990. while 1be ratio fnr the lancr group 
'iubsranliall\' declined from 35.1 In 25.3 per cenl during 
1he period (1301. table .!4). The lower dchl scn·icc ralio 
for sub-Saharan Africa i<. mainly due to the fact thal the 
bulk of African debt cnnsisrs of official concc,.sionary 
loans. wilh virtually no privale commercial bank Jehl. 

(hJ 0t"prndt'ncr on primt1ry; c""t>mm1ll/ity t'.tf">rl.t 

A" discu'i'iCd exlensi\·ely earlier in thi" chapler. sub
Saharan African countries depend excc,,i\·ely on com
modily export-. for foreign exchange. The )!encral down
ward trend in 1he commodity prices coupled wilh !heir 
ins1abili1v i' another major cause of lhc seriou' foreign 
exchang~ gap and conscquem impon comprc'i\ion. lead
ing to sc\'erc ind11 .. 1rial capaciry underu1ili.1..ation. Afric;m 
countries collccti\ely account for a dominanl share of the 
world market" for 'iC\·eral primary commodi1ies. no1ahly 
coffee. cocoa bean ... groundnul'i. grounJnul oil. p;ilm 
m1t\. conon. sisal. bauxile. copper. hlis1cr copper. man
ganese ore and phosphale as shown in !able 111.19. But 
individually. African counlries export a small sh;1re of 
the world marker 1otals for most primary commoJilics. 
The most ~rious problem with dependence on primary 
commodity cxpons i'i ohviously 1he secular downward 
trend in most commodily prices and dimini,.hing export 
revenues. Table 111.4 shows lhat purcha<iing power of 
suh-Saharan exports fell by almosl 40 per cenl belween 
19XO and 1990. while those of South and South-East 
Asia inaeascd almosl two and half limes Jurin~ lhc 
SilmC periild. Ry mid-19X7. lhe reill price'.'> of n out of 20 
African cxpon commodities were al 1he lowest level 
since 1900. They included tc-a. sugar. meat. fmits, fat,. 
and vcgetahlc oils, comm. mhber. tobacco. iron ore, lin. 
1inc. copper and aluminium 1361. 
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TaMt llL19.. Sllmft el Afrira ill -W _.•••hi izc~ apert5 ., ...... ......,~.,,...,., 
Val• ol ~•cc•••sc 

Africaa c:aports &!Ian: ia Perccn1aac sbarc ol Africa 
Two naaia Africa• world exports ia dcvclopin1-coualry export& 

e11por1ers 1910/71 1916/17 
C-modily 1916/17 (Dlillion dollars) 1970/71 1916/17 1970/71 1916/17 

Fisllcry prodaCIS Moroao, Scnc1a1 99 1 Oil 3.1 4.2 9.7 10.1 
Bo¥iK 91Cal Botswaaa, ZimlNlbwc S7 6S 2.1 0.7 9.1 7.6 
Baaaaas Co1e d"lwoirc. Somalia lS SI 6.6 2.7 7.2 3.0 s., ... MHrilius, Swaziland 114 637 7.0 6.3 9..S 1.6 
Coff'cc COte d"lvoire, U&aada IOS 2 600 27.6 20.4 21.4 22.7 

Cocoa bcaas Ci>1e d"lvoire, Glllaaa 6Sl 1 921 I0.6 62.6 11-4 61.2 
Cocoaprodac1s Co1e d'Ivoire, Gila•• 294 14.6 JU 
Tea Kcaya, Malawi 19 319 12.I IS.2 IS..S 22.4 
Veac•ablc oils Taaisia, COie d'lv.Mrc 413 l6S 11.9 2.2 37_4 7.1 
Groooadaals Ganabia. Malawi 121 34 S9.9 S.9 I0.6 22.0 

Grouadaal oil Senecal, Gambia 7S 63 S2.2 29.3 69.I S9.6 
Palm aals Niacria. Camcrooe S9 10 IS.4 71.l IS.I IO.J 
Pala 111.crael oil Co1e d'Ivoire, Zaire lO 16 55..S 7.4 14_7 1.2 
Pai.oil Camcrooe, COie d'Ivoire 4l 44 17.9 2.4 19.0 2.S 
Tobacco Malawi, Zimbabwe 110 463 u lU 24.6 27.0 

Hides. sltins Namibia, Elhiopia 82 191 6.3 3.0 33.3 40.0 
Rubber Liberia, COie d'Ivoire 77 182 7.4 S.4 7.6 5.6 
Timber COie d'Ivoire, Gabon 294 700 l?.7 6-1 20.9 10.2 
Cot•- F.gyp1. Sudaa 812 I 062 ]Q_J 17.8 47_7 44.8 
Sisal Kenya, Uailed Rep. ol Tanzania 40 19 57.7 36.6 58.9 38.8 

Baa11i1e Guinea, Sierra I.cone 9 379 3.2 44_4 4.1 S4.0 
Alumina Guinea 46 95 7.7 3.7 17-5 14.6 
Aluminium qypl, Zaire 47 345 l-2 3.6 54.8 15.6 
Copper ore Monxco, Zaire 10 74 1-6 3.7 J_J S.9 
Blister copper Zaire, Namibia 394 351 4"..6 JS.S S2.3 45.6 

Copper Zaire, Zambia ~91 978 28.6 19.4 60.2 33.7 
lroa ewe Liberia, Mauricaaia 332 361 12..S S.4 JU 12.7 
Tin ore Namibia, Zaire 21 11 12.8 4.8 14.S 8.8 
Tin mc1al Zimbabwe, Niaeria 46 12 7.6 1-2 9.7 1.6 
Mansaacsc: ore Gabon, Monxro 46 ISO ZS.I 38.7 4S.8 73.6 

Pho5pha1e Monxco, Toeo 173 S87 40.6 41.7 75.2 67.l 

S-Ce: Africt111DariJpnorlRqon1990 (Abidjan, African Dcvelopmenl Bank, 1990), p. 62. 

The deteriorating export commodity prices in Africa 
arc caused by many intcrrclaled factor.; such ao; world
wide recession. subslilulion of synthetic materials for 
raw materials in production, the shift in demand towardo; 
services and fewer ma1crial-in1cnsivc goodo;, and capa
city expansion in other regions of the world such as Asia 
and Latin America. These arc unfavourable external 
environments which negatively affect sub-Saharan ex
port performance either directly through reduced demand 
or indirectly through unfavourable terms of trade. Poor 
export performance in sub-Saharan Africa may be also 
caused by a host of inappropriate government policies 
such ao; overvalued real exchange rates, relatively heavy 
1axa1ion of tradablc goods, excessive government regula
tion and many other anti-export measures. 

(c) Ovrrvaliud real rxchangr rate.r 

The overvalued real exchange rate is a contentious 
issue among various policy inslrumcnK The real ex
change ralc is determined by the nominal exchange rate 
adjusted for the difference between the domestic rale of 
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inflation and thal of the rest of the world or trading partner 
countries. This implies that monetary and fiscal rcstrainL'i 
arc l<' be excrci~ lo avoid large government deficiLo; 
and rapid monetary expansion, in order 10 control infla
tion and hence to maintain a realistic real exchange rate. 
A large number of sub-Saharan countries have main
tained overvalued real exchange rates at different times. 
The problem is particularly severe in 13 French-speaking 
West African countries, which use the Communauti jinan
citre africaine (CFA) franc, a currency which has been 
pegged to the French franc at a rate of 50 CF A francs to 
I French franc, and has never been devalued for the last 
45 years. The real exchange r&te of the CF A franc is now 
cs1ima1~d lo be overvalued by anywhere between 20 and 
60 per ccnl, depending on the country (37). 

In theory, a realistic exchange rate is a major clement 
of the incentive package for stimulating exports. The over
valued exchange ralc may make ci1ports more expensive 
and hence less competitive, while lhc import demand 
may surge due to lower import prices. Trade deficits rray 
ensue if the national currency is nol devalued. However, 



the impact of de\·aluation l•n export r-arnings and on the 
supply of exports seems to he ill4.:undusi'\'e on both theo
retical and empincal grounds. In an import-dependent 
a-onomy with foreign exchange shortage such as thm-e 
in sub-Saharan Africa. de\·aluation of exchange rates may 
make imports more expensi\·e in domestic currency. and 
the import comprcssilln imposed for babnce-oi-paymcnts 
reasons would reduce the aggregate supply through 
worsening capacity underutiliLation and llften pmductil'!l 
disruption. as discussed earlier. This would in tum add 
fuel to inflation. which would require another devalua
tion, setting in motion a spiral of de,,·aluation and inn .... 
lion. Simultaneous import liberaii1.alitm with devaluation 
would also be untenable because of foreign exchange 
constraints. Moreover. in the sub-Saharan African l.-On
text with a dominant share of commodity e'\ports. the 
export volume may be influenced more slmngly by sup
ply factors rather than by exchange rate inducements. 

Empirical evidence on the impact of dev.iluation flO 

export earnings is inconclusi,,·e. According to a study hy 
the Afnc:ll. Development Bank. O'\'er'\'alued real exchange 
rates were associated with a decline in export volumes 
between I 980 and 1985 in si.ch countries a.s Ghana. 
Sierra Leone. Uganda and the United Republic ofTanz:i
nia. On the other hand. many countries suffered a signifi
cant drop in export volume. alLJiough they had no serious 
problems of currency over .aluation during the same 
period; they include Cameroon. Ethiopia and Kenya 
[361. In terms of the association between real exchange 
rates and economic growth. the C'FA franc zone offers 
two different pictures of currency m·er'\'aluation. Until 
the early 1980s, the CFA countries enjoyed relative 
monetary stability and economic growth stronger than in 
the rest of Africa. Yet the same region registered an 
economic performance worse than the rest of Afri.:a 
from 1986 to 1990 (371. Conflicting empirical evidence 
may simply :mply that export expansion a.s well as eco
nomic growth may be influenced by many demand and 
supply factors other than real exchange rates. and the 
single-variable explanation may seldom suffice. a.s with 
any other economic problems. 

(d) PrntectioniJm 

Protectionism in developed countries seems 10 pose no 
serious barriers to ellports of primary commodities and 
even manufactured goods of sub-Saharan Africa. In fact. 
sub-Saharan African countries enjoy more favourable 
treatment than other developing countries under various 
preferential trade schemes with developed countries. 
African signatories of GA TI. now 29. enjoy mosl
favoured-nation status within the GA TI framework. 
They are also beneficiaries of preferential treatment under 
the Lome Convention and the generali1.ed system of 
preference (GSP). Under the Lome Convention. the EEC 
is required to import from sub-Saharan Africa as well as 
Caribbean and Pacific countries, duty-free and without 
quantitative restrictions in principle. Under GSP, many 
manufactures and semi-manufactures from sub-Saharan 
Africa have been granted favourable market access to 
the EEC and Japan since 1971. and to the United States 
since 1976 !3RI. 

In general. sun-Saharan African countries have failed 
to take advantage of the special market access offered by 
developed countries, and gains from hoth the Lome Con
vention and GSP have so far been very modest. In fact, 

the sub-Saharan Afri\.'an share of manufactured eitport." 
in OEO> countries kll from an already insignificant 
level of IU7 per cent in 1%8 to 0.30 per cent in 19MM.• 
There are some isolated incidents of pmlectionism. such 
a" rnluntary export restrictions imposed hy the EEC on 
textile and clothing ellport..'i from Mauritius and Cille 
d·lrnire. But by and large. pmltctionism in developed 
countries poses no major stumbling-blocL.s to the growth 
of export."i fmm sub-Saharan Africa in the short and 
medium terms. For instan\.-C. the quotas allocated lo sub-
Saharan African countries under the Mullifibre Arrange
ment remain unused in most ca.o;es. The major obstacle In 
export expansion in sub-Saharan Africa seems to be on 
the side of limited domestic supply capacity commonly 
encountered al the early stages of indus1riali1.ation. as 
discussed elsewhere. As sub-Saharan countries broaden 
their industrial base and build up an ex(ll'rt capacity 
for manufactured gtxxls. pmlectionism will become a 
senous issue. 

I«') Human capital cotLUraint 

It is almost a cliche but nevertheless true that industria
li1.ati1m and economic development critically depend on 
the quality of human capital. The shortage of indigeno•1s 
skilled manpower is an overriding bollleneck for indu~
lrialization and export promotion in sub-Saharan Africa. 
The region needs to lessen iL"i dependence on expatriate 
manJlllWer by de1;eloping its own technicians. engineer;, 
scientists and managers. One of the most critical con
straints faced by the UNIDO industrial rehabilitation pro
gramme has been the acute shortages of professionals 
and technicians in diverse areas such as plant supervision 
and managemenl. accounting. finance and marketing. 
qualil} control and repair and maintenance (391. 

Ir: Global Rt•port 1992193. allention was drawn to the 
glaring gap between sub-Saharan Africa and other 
regions of the world in various indicators of human 
capital accumulation. The average number of years of 
schooling for sub-Saharan Africa is estimated to be 
1.6 years. and this looks pale in comparison with 
IO years in developed countries and e'\'en with 3.7 years 
for developing countries as a wt.:::C. The rale of adult 
literacy varied greatly among countries in the region. 
ranging from 80.2 per cent in Madagascar to 18.2 per 
cent in Burkina Faso. with an oirithmetic mean of 51 per 
cent for the region in the late 1980s, which is lower lhan 
that of all other regions ellcept the Indian Subcontinent. 
Moreover, Africa had 2.r. students per I .IX>O inhabitants 
enrolled in vocational training in 1987. If North Africa 
was separated from the stalistics. the ratio for suh
Saharan Africa would he even lower. By contrast, Asia 
registered 6.9 studenls. Despite the paramounl impor
tance of educalinn and training for indus1riali1.ation in 
sub-Saharan Africa. education-related ellpenditures in 
the region had to be cul hack almost by a half on a per 
capita basis between 1980 and 1987 because of the 
cmshing debt burden coupled with contractionary •.lmc
tural adjustment. In order lo keep up paymenls on lhe 
debt. Governments used up billions of dollars worth of 
scarce foreign ellchange, which could have spent on 
edm:alion. hC'alth and infrastructure Cl40l. pp. 7J-R2). 

•fnr a morr cklailrd accnnnt nf rradr harrkr\ facrcl hy \Uh-Saharan 
Africa, ~r Shaarldm ( lM I· 
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3. Priority issurs for industrialQUion in 
sub-Saharan Africa 

! ''' /'romotion of liglrt m.znufacturin,i: M;ith :nt" 
npwuion 11/ cammodity t'.t[Jf•rts 

The crucial 4ueslion faceJ by sut>-Saharan Africa is 
how to initiale anJ acn~lerale inJuslriali7..alion in lhe re
gion. The greal majority of suit-Saharan African a"Ono
mies have a wry small manufacluring seclor anJ export 
few manufactureJ gooJs excepl for a small number of 
countries such a.., Ct11e J"lvoire. Kenya. Mauri1ius and 
Zimbabwe. a.o; describeJ earlier. The crux of lhe mailer 
here is lo rr.ap oul a s1r.11egy of inJustriali1alion con
sislenl wi1h oper.itional conslrainls. anJ parti'-·ularly lhe 
lechnological capaci1y of sub-Saharan African countries. 
InJus1riali1.a1ion Jemanding unavailable advanced skills 
and lechnical know-how would be oul of the queslion. 
The emphasis shoul~ be.1herefore. on lhe import substitu
tion of labour-inlcnsive lighl manufacluring such a.o; food 
pmcessing. lextiks and clothing and leather goods. and 
the promolion of exports once a firm manufacluring ba.-;e 
is pul in place. Thi:! manufaduring capacity for import 
sub~;tilulion of inlermediale and capilal goods seems to 
be very limited in most sub-Saharan African countries. 

It wouIJ rettuire o;ubstantial foreign exchange to im
port parts and machinery and induslrial raw malerials 
needed to start lighl manufacturing. 10 rehabilitate. ex
pand. anJ raio;e lhe level of utilizalion of lhe existing 
produclion capacily. and to halt lhe economic slide and 
resume growth. Gi\·en the severily of the debt twerhang 
and the preponderant importance of primary commodily 
exports. the majority of sub-Saharan African countries 
have no choice but to expand export volumes in tradi
tional commodity markets in the short and medium terms 
in order to earn lhe foreign exchange needed to launch an 
industrialization drive. despile lhe general downward 
trends in commodity prices in recent decades. 

Protectionism is no barrier to sub-Saharan African com
modity exports. Africa enjoys preferential market access 
to 1he EEC. Japan. the Uniled States and olher indus
triali1eJ countries. as noted earlier. The major problem 
lies in the slow pace of worldwide demand for primary 
commodities and their consequent declining prices. which 
are rellected in the deteriorating terms of trade for com
modity exporters. As mentioned ahove. although African 
countries collectively account for a substantial share ~f 
the world market in several commodities. individual 
countries sell a small fraclion of the total of world trade 
in most commodities. There is. therefore. ample room for 
expanding export volumes from mosl sub-Saharan Afri
can countries in a wide array of primary commodities 
withoul in:luencing world prices. Moreover. although 
declining rrices may discourage production expansion, 
the key question is the investment returns on capacity 
expan-;ion of tradilional exports compared with !hose in 
new induslries. Often. the cos1-price differenlial is larger 
.ind investmenl requirements are smaller in rehabililaling 
:md rxpamling the pm<luction capacity of traditional 
exports than in starting new induslries. and further in
veslmcnl in lhe commodity production may prove to he 
cn,t-effcctive in earning foreign exchange in the short 
and medium lcrms. 11 must ht' noted in this regard thar 
Indonesia. Malaysia and Thailand depended heavily on 
traditional commodity e'.\ports to finance infanr indus
tries for import ~11hsti111tion not long ago. and havC' now 
Ileen 1ransformed inlo major exporters of manufactured 
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goods after anchoring .l solid manufacturing base. There 
is no rea.'ion why the same strategy of nurturing light 
manufacturing pmduction first and promoting exports 
later. while sustaining tradilitmal export." al the same 
time. could not work in sub-Saharan Africa. 

( h) Resourre-based inJustriali::.tllion through 
ra"· nuuerilll prilf:essin.r: 

Given the overwhelmingly large share of commodity 
exports in total exports from sub-Saharan Africa. ii is 
logical to t1uestion whether industrialization should begin 
with further processing of raw material'i for expon. sint..-c 
CC\.lnomic rents are mostly capturai al the processing 
stage and processing activities deepens interindustry 
linkages. According to a recent UNIDO study on inter
industry linkages and structural change. most primary 
industries. namely. agriculture. forestry. livestock. fish
ery and mining. were founJ in the lowest quintile in 
terms of multipiier effects in most Asia-Pacific countries. 
By conlrast. many resoun:e-ba'\Cd industries such as tex
tiles and dolhing. leather good.'i. food. beverages and 
tobacco. petroleum products and metal products are con
sistently ranked much higher lhan their primary supply 
industries in mosl ca.o;es ((401. chapter III). 

A recent study hy the African Development Bank 
underscores the considerable potential for further proces
sing of many primary product exports from sub-Saharan 
Africa. For inst:mce. Burkina Faw. Cenrral African Re
public. G'>te d"lvoire. Mali and Sudan are major export
ers of raw cotton. but they are minor exporters of cotton 
yarn and textiles. while Chad exports such processed 
products in subslantial quantities. Ethiopia. Kenya. Mali 
and Niger export a significant amount of unJressed hides 
and skins but a relatively small quantity of leather and 
leather good'i. Rough woods arc a major export product 
for Cameroon. Central African Republic. Cote d'Ivoire 
and Liberia but few processed forest products. Many 
sub-Saharan African countries are also major exporters 
of minerals with little further processing. They include 
the two main copper producers. Zaire and Zambia. the 
two iron ore producers. Liberia and Mauritania. two 
main tin ore producers. Namibia and Zaire. as well as 
Galion for manganese ore. Togo for phosphate rocks. 
Niger for uranium ore anJ Botswana for diamonds (361. 

The natural resource endowment alone may not pro
vide economic justification for the development of proces
sing industries. The selection of processing industries 
should he hased on the technological and operational 
conslraints facing the country endowed wilh raw ma· 
terials. The operalional and technological constraints 
include. among other things. the minimum-efficiency 
size of a plant. scale economies. the si1.e of the domestic 
market for the product, export prospects. managerial and 
skilled manpower requiremenls, technological com
plexity, a\·ailahility of infrastructure such as waler. elec
lricity. telecommunications. transport and warehouse~ • 
and a whole host of producer servi~es such as account· 
ing. insurance. engineering consultancy. legal services 
and repair and maintenance services. In this context. the 
developmenl of mineral-processing industries may be in· 
consi~tent with the operational and technological con
strainls facing mosl sub-Saharan African countries. since 
mineral processing tends to he highly technology· and 
capital-intensi\·e. to entail large economies of scale and 
to require highly skilled managerial and lahour inputs. 



Mineral pnx-essing in Nigeria nffers some lessons to 
be learned. Nigeri3 emharked on rc"oun."e-b3Sed industria
lizat!on finan"-ed by the oil boom of the 1970s in nrious 
mineral-pmces.,.ing projects such as petmd1cmicals and 
iron and steel projects. With the Jra.,.tic fall of oil reve
nues and a sharp contr.action of aggregate demand with 
few manufactured ellports. the capa.:ity utilization of the 
processing plants dropped to around 25 to 35 per cent. 
Thc m3in reasons cited for the f3ilure of the mineral
processing project." in Nigeria arc inadequate technologi
cal and managerial capabilities. a domestic market too 
small for the production capacity. and uncompetitive 
production costs for expon (351. 

The implication is that countries endowed with abun
dant mineral resources should postpone mineral pro
cessing until adequate indigenous technological and in
stitutional capacities :ire dev~loped through technology 
transfer or learning by doing. Instead. while exporting 
minerals in unpmcesscd form. sub-Saharan African 
countries should be encouraged to push thmugh the rela
ti\·ely ea. .. y early pha. .. e of industrialization focused on 
agropmcessing and food processing. and light manufac
turing such a.-; textiles and clothing. leather and leather 
goods. food. beverages and tobacco manufacture. which 
arc less demanding in terms of technological and skill 
requirements. This seems to be a well-trodden initial path 
to industriali7.ation. All the successful exporters of manu
factured good-; in Ea..-;t and South-East Asia without ex
ception went through this initial pha...c of import substi
tution and then expons of light manufacturing. There 
seems to be ample scope for exports of light manufac
tured goods from sub-Saharan Africa. For instance. a.-; 
described earlier. exports of textiles and clothing from 
this region face few trade barriers in industriali7.cd coun
tries either under the Lome Convention or under the 
Multifibre Arrangement IV. The great majority of coun
tries in the region have failed to take advantage of these 
preferential margins over other developing countries. as 
shown by their large unfilled textile quota.'i. The share ,,f 
sub-Saharan African countries in total OECD imports of 
textiles anj clothing in 1986 was less than 2 per cent. 
The value of these exports was $480 million. of which 
Mauritius accounted for 87 per cent or $320 million. 
This leaves a puny share of the total exports for the other 
countries in the region (41 ). 

(c) lntra-Afrirn trade 

Few economies in sub-Saharan Africa have a domestic 
market big enough to pennit the rcali7.ation of scale 
economics even in light manufacturing. agroprocessing 
and food processing. let alone capital-intensive mineral 
processing. For instance. a study by the African Devel
opment Bank shows that the combined GDP of the 
Economic Community of Western African States 
(ECOWAS) is roughly equal to that of Denmark with a 
population of 4 million. and the Danish market is not big 
enough for developing heavy manufacturing industries in 
tenns of scale economics (361. 

Exports obviously offer a way o•Jt of this domcMic 
market constraint. But few countries in the region are 
capable of competing in world markets even in light manu
facturing. One altemalivc under these circumstances 
would be to promote intra-Africa trade under the com
mon wall of protection against compelition from outside 
Africa. In this contexl, the formation of a common 

market or trading blocks could in theory pemut the divi
sion of labour and spcciali1.ation. a.-; well a." gains from 
trade among participating l"l.>untries. In fact. a do.zen 
preferential trade areas and common markets ha\·e been 
created in Africa o\·er the last three ~i:cades and thrtt 
ha\"e '-"C3."C!d to exist.• Despite conscious effort,. to stimu
late intra-Africa trade through \·arious regional or 
subregional trading groupings. recorded intra-Africa 
trade remained modest. Reconled trade within sub
Saharan Africa is today estimated al around $4 billion. of 
which fuels and agricultural products account for the 
dominant share and manufactured exports an insignifi
cant share. This represents about 5 or 6 per cent of total 
recorded African trade. Manufactured exports within 
sub-Saharan Africa arc estimated at around 6 to JO per 
cent of total manufactured ellports from the region (38). 
An estimate by the African Development Bank put the 
share of officially recorded intr.i-Africa trade at less than 
5 per cent of total African trade over the last 20 years 
(36). The difficulty with these estimates is the relative 
size of unrecorded trade. which could be quite substan
tial. depending on countries. For instance. unrecorded 
trade within ECOW AS countries is estimated to have 
hccn as large 3.'i 40 per cent of recorded trade between 
1983 and 1987 (4~1 Once trade barriers such as export 
talles and import tariffs are lowered or dismantled. this 
illegal trade will obviously disappear. However. substi
tuting legal for illegal trade will not create new trade and 
increa...c foreign ellchange earnings. which intraregional 
trade aims at stimulating. 

The failure of various eco11omic integration schemes 
designed to foster intraregional trade in Africa a..; well as 
other regions of the world, particularly Latin America. is 
inherent in the ba..;ic structural weaknesses of such 
schemes. One intractable problem concerns the equitable 
distribution of benefits among participating countries 
which are usually so disparate in terms of the level of 
development and industriali1.ation. The allocation of re
sources tends to gravitate towards more advanced econo
mies with more efficient production facilities and better 
infrastructure. Often. solving this problem through politi
cal negotiation has proved to be a fomtidable ta"k. An
other related problem is that of trade imbalance. Stronger 
economics continue to pile up trade surpluses, while 
weaker ones arc plaJ?UCd with chronic deficits. The 
settlement of widening trade imbalances in rnnvcrtiblc 
currency has been a well-known recurring problem in 
La :n America. 

The general problems of regional ernnomic inlcgra
tion are compounded wilh those unique to sub-Saharan 
Africa. First. lhe si7.e of a potential market pooled by a 
trading block in the region may not be sufficiently large 
to realize economies ,,f scale for many manufacturing 
industries, ellcept for some labour-intensive light manu
facturing such as textiles and clothing. leather and shoes 
and food processing. Heavy industries such as mineral
processing and capital goods industries may not be justi
fied in terms of scale economics for any trading block in 
the region for some time to come. This is one of the 
major arguments against mineral processing in the re
gion. at least in the short and medium terms. However, 

•ford <nrvty or rtr,mnal tconomic mlr1tra11on tffonJ in Afnc;1, -.er 
(J6). chaplrr 10. 

115 



a more fundamental problem is a limited potential fo: 
inlr.i-Afrka tr.ide creation. since most African countries 
are largely similar in fal.:lnr endowments. unskilled 
labour. tedmological capabilities and consumption pat
tern!>. and hence produce similar products. mainly agri
.:uhur.il. One estimate gives the share of existing pm
ducts that could be traded within the region as ranging 
between 6 and 16 r:r cent of officially recorded trade 
[4:.t[. On the other hand. great potential for intr.iregional 
trade as well a.o; inlemalional tr.ide lies in intra-industry 
tr.ide in capital goods and in intern1ediate and consumer 
good.-; char.icteri1.ed by high product differentiation am~ 
high technology content. The rapidly growing portion of 
international trade is in intra-industry trade. but Africa 
will not be able to partake in booming intra-industry 
tr.ide in technologically sophisticated goods for some 
time to come. In the meantime. realism must be stressed 
in designing economic integration of more limited scope 
and with realistic and specific objectives rather than 
ambitious integration schemes. 

(d> Tht' role of FD/ 

The major implication emerging from the foregoing 
analys:s is that the majority of sub-Saharan African 
countries are not yet ready lo compete in world markel'>. 
and that they should rather concentrate on import substi
tution in light manufacturing. Even for some of the basic 
light-manufacturing industries such as meal and dairy 
products. canned fruits and vegetables. fabrics, footwear. 
wood. leather. and some construction materials such as 
bricks and cement. it may he necessary to produce not 
only for a small domestic market, but also to export a 
substantial amount of production to overcome the prob
lem of the minimum efficiency level of production. More 
importanlly. starting light manufacturing industries for 
both import substitution and exports may require consi
derable managerial and entrepreneurial skills as well as 
cheap skilled labour. which are very scarce in sub
Saharan Africa. In facl, there seems to exist a chronic 
shortage of skills not only in lhe manufacturing sector, 
hut also in all sectors of the economy including govern
ment M!rvices and other vital financial, legal and educa
tional services. 

R>I appears lo he a way oul of this dilemma for many 
sub-Saharan African economies. Transnational corpora
tions operating in global markets are al>le to supply the 
nece'isary technology. management and marketing skills. 
Such corporations may produce part of the products for 
domestic markets and the rest for nearby overseas mar
kets or for re-export to their home countries. Many of 
today\. successful exporters of manufactured goods in 
Asia-Pacific countries such as China, Indonesia, Malay
sia and Thailand gained an initial foothold in the export 
markets through joint ventures or other cooperative 
arrangements wi1h transnational corporations. The suc
cess story of Mauritius in textile exports with foreign 
collaboration is a good example in Africa. There may be 
some concern that FDI may perpetuate the dependence 
of host countries on transnational corporations for tech
nology. management and marketing. This concern is 
contradicted by recent developments in East and Soulh
Easl Asian wuntrics, as described earlier. Most of these 
countries launched an export drive in light manufactur
ing al first and consumer durahle goods and some inter
mediate and capital goods later, initially making use of 
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foreign technology. expatriate management and imported 
inputs. together with cheap and skilled domestic labour. 
While expanding export volumes. conscious efforts have 
been made to repl<h."C an increasingly larger part of im
ported inputs with domestic inputs through a time
phased local content progranu.ie, and o\·er time. lo meet 
a substantial part of the need for managerial and entre
preneurial skills locally through learning by doing. In 
particular. the second-phase import substitution strategy 
geared to the needs of export expansion could, as dis
cussed earlier. lessen and eventually eliminate the dc
pendem:e of host countries on foreign finns for techno
logy. production. management and marketing. 

Apart from the fact that total global sales by 
transnational corporations outside their countries eclipsed 
total world exports by a considerable margin in 1992 for 
the first time in history. a'i noted al the ouL-;el, special 
attention nt'eds lo be drawn to the significant increa-;e in 
FDI by ri.ilCs in recent years. Driven by rapidly rising 
labour costs and the erosion of its low-end manufactur
ing competitiveness. many Asian NICs, such a.'> Hong 
Kong, Republic of Korea, Singapore and Taiwan Pro
vince. are today shifting their labour-intensive light manu
facturing to relatively lower-labour-cost countries such 
as China. Viet Nam and ASEAN countries. For instance, 
Taiwan Province investments in China have been esti
mated at $20 billion in recent years (441. Total invest
ment by the Republic of Korea in China has now sur
pa.-;sed $600 million with almost 300 projects, which are 
all concentrated in the coastal regions (45). In recent 
years, Chile ha-; been investing heavily in other Latin 
American countries such as Argentina, Mexico and Peru, 
with rapidly accumulating privatized pension funds. 
which so far total $13 billion. FDI by Chile wa'> up 
steeply from only SIO million in 1988 to $428 million in 
1992, according to the central bank of Chile. but an 
unofficial estimate put the figure at around $800 million 
if undeclared investments were counted [461. It may be 
worthwhile for sub-Saharan African countries lo inten
sify their efforts to attract FDI from Asian and Latin 
American NICs in manufacturing, in addition to FDI 
from developed countries, particularly emphasizing their 
preferential margins vis-a-,·is other developing countries 
in terms of special preferential market access to devel
oped countries, which has been little used so far. Such 
FDI may enable host countries to upgrade their techno
logical capacity over time through learning opportunities 
provided by the training of management and workers. 
provision of input specifications. assistance in qualiry 
control production techniques a:id plan layout, and even 
collaborative design and production. Empirical studies 
on the impact of foreign-owned linns on industrial de
velopment in sub-Saharan Africa are relatively scarl'e. 
But res•Jlls from some available studies point to positive 
impacts of transnational corporations. For instance, Lall 
and Streeten examined eight transnational corporations 
that opera1ed in Kenya in the mid-1960s, accounting for 
18 per cent of output and 8 per cent of employment. 
They estimated the social profi1abili1y of these corpora
tions to he around 13 per cent of sales, where social 
profitability is defined lo be social benefits minus social 
costs calculated by shadow prices. In other words, these 
corporations generated nel benefits to the Kenyan 
economy (471. 

The paucily of managerial and enlrepreneuri.tl skills 
coupled with weak technological capacity argues 



stmngly for the crucial role that R>l 1.."ould play in build
ing a manufacturing base in the initial phase or industria
lization. bul curRnt prospects for FOi in sub-Sahar.m 
Africa loo~: oleak. given the debt overhang and payment 
arre:.rr:... in the regi<•n. Morem·er. FOi is increasingly 
attracted by the availability or cheap skilled labour. 
which it is supposed lo develop. High priority shoulJ he 
a."'signed to t.'le formulation and implementation of poli
cies designed to attract FOi.. covering a wide range of 
incentives such a-; tax policies. technology policies. 
tran.'lfer pricing control. investment guarantee schemes. 
dispute settlement and transparent legal and regulatory 
frameworks conducive to FDI. while concentrating on 
cduc:ttion and vocational training which arc up-to· .iate 
and relevant lo manufacturing. Above all. intemational 
cooperation and particularly financial and technical 
a."sistance from international org:.ilizations and technical 
a"sistance agencies m:iy he essential to create a favour
able and competitive environment to attract FDI to sub
Saharan Africa. 

(e) Debt relief 

Debt overhang seems to he the most serious drag on 
industrialization in sub-Saharan Africa. Sub-Saharan 
African debt may not he big enough in global terms to he 
cause for concern for the international hanking commu
nity. The aggregate figure. however. belies the gravity of 
the debt burden borne by sub-Saharar. countries. Sub
Saharan African debt may not pose a direct threat lo the 
stability of the international financial system. but it ha" 
already reached crisis proportions in the informed judge
ment of many experts and specialists in this field. 

It is a crisis because their debt relative to GNP is pro
hibitively high. and. more importantly. there is little 
room for demand and supply adjustments lo cope wilh 
mounting payment difficulties. The root cause of the 
sub-Saharan African deb! crisis is lhe resull nol jusl of a 
short-term liquidily squeeze bul of fundamenlal slruc· 
lural imbalance. II is !he colonial legacy of an economy 
which specializes in the production and export of a few 
primary commodities and imports nearly all essential 
goods and services. II is an economy which is extremely 
vulnerable to various exremal shocks ~uch as lhe plum
meting of world commodity prices <lnd oil price varia
tions. It i-; an economy which is incapable of hoosling 
export sales to generate extra foreign exchange earnings 
to meet the worsening debt service burden. It is an 
economy whose per capila incomes hover around the 
levels of abject poverty. whose imports arc already pared 
10 the minimum subsislencc level, on the verge of "im
port strangulation". deprived of crilical parts and raw 
malcrials and of capital goods, resulting in widespread 
capacity underu1ili1.ation and unemployment. as detailed 
elsewhere in the presenl chapler. 

The limited capacily of sub-Saharan African econo
mies for supply and demand adjustments is compounded 
by !heir very restricted access to private capital markets, 
except for a handful of oil exporters, and the diminishing 
inflows of official development assistance from devel
oped countries, which are becoming increasingly aid· 
weary and suhjecl to fiscal retrenchment, particularly at 
a time of worldwide recession. It must he recognil.Cd !hat 
the debt problems of sub-Saharan Africa arc basically 
structural ones. requiring the broadening of the industrial 
base and structural change away from its overdependence 

on the pmJuction of a ,·ery namlw r.mge of primary 
products for export. It is essential to change the rules and 
practices governing the allocation of financial resource' 
to facilitate structur.d char.ge in sub-Saharan African 
countries. In particular. the 1em1s and condition-; of offi
cial aid need to be rela."ted. and the current adjustment 
period of 5 to IO years al low interest rates should ~ 
lengthened in order to facilitate structur.11 change and to 
expand resoun:e inllows on a much larger scale than al 
present. 

Most important of all. it must be recogni1ed by the 
international community. by both donor anJ re1..·ipient 
countries. that sub-Saharan Africa presents a 'pecial 
problem which deserves special consideration. Indeed. 
there is a strong ca~ for treating suh-Saharan Africa 
differently. This calls for sympathetic understanding 
from olher debior de,·eloping countries a.s well as donor 
countries. Partial cancellation of sub-Saharan Afril·an 
debt by some donor counlries in recenl years. although 
symbolic. is a significant step in the right direction. ilm.I 
further suf-<tantial debt relief is es..ential to re,·itali1ing 
industries and economies in lhe region. 

E. Conclusions and policy implication.<1 

I. Tr:ule and industrialiZJZlion 

In the present study. the role of trade in industriali1.a-
1ion ha.~ been examined al great length. The study con
cludes, among other things. that trade could be a ,·cry 
powerful instrument or industriali1.<1tion and economic 
development. provided !hat certain importanl precondi
tions are met. In particular. the Asia-Pacifo.: model oi 
export-led industriaii1.ation coupled with export-linked 
secondary import substitution has proven wry effecti\e 
in acccleraling industrialization over the last two 
decades. Emerging from the first phase of import -.uhsti
tulion during the 1950s and 1960s. t!ie Asia-Pacific 
countries shifted to the phase of the export driw during 
the 1970s and 1980s. initially concentrating on the natural
resourcc-based or labour-intensive producls -;uch as food 
processing. texliles and gam1ents, ruhher products and 
electronic assembly. The competitive export indu~try 

was built on foreign technology usually linked in FJ>I. 
The rapid increase in FDI was followed hy a -.urge in the 
imports of intermediate and capital goods from the sup
plier countries of FOi. As imports of intennediate and 
capital goods became essential for suslaining the export
led growth. the second phase of imrort suhstitutinn 
strategy was launched. this rime focusing liN on the 
domeslic production of technologically less demanding 
intermediate goods. and then on technolog~·-inlen-.ivc 

capilal goods through learning by doing and other poliq 
measures designed to upgrade technological capacity. 
The secondary import suhstilution has in tum hroadencd 
the industrial base, deepened domestic interindustry link
ages, and improved technological capacity. EmpiriL"al 
results ohtained from an input-output analysis of the 
slructure of trad<: and a decomposition analysis of the 
sources of industrial growth in the Asia-Pacific countries 
confirmed the primacy of manufactured exports in accele
rating induslrializalion and the strategic importance of 
import capacity and its stability to sustain the export 
drive. 
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The logical question to be raised is then: why not the 
Asia-Pacific model for sub-Sahar.m Africa'! It is widely 
accepted that l."Crtain preconditions may have to be estab
lished before launching an EOI strategy. First of all, in
dustrial supply capabilities need to be built up. usually 
by providing a period of protection for so-called infant 
industries in the domestic market. Almost every success
ful exporter started with import substitution of light con
sumer goods. The mtionale for the infant industry argu
ment is that the period of protection is provided to in
crease technical efliciency and the competitive edge in 
the world market. Building blocks for industrial supply 
capabilities include many interrelated aspects of develop
ment which are not directly related to trade. and which 
precede the design of a policy framework for export 
promotion. For instance, the basic physical infrastruc
ture-transport. communications. water. gas. electricity 
etc.-is essential to manufacturing. On the intangible 
side. human capital accumulation and skill improvement 
through education and training along with the creation of 
an entrepreneurial class are equally. if not more. impor
tant. Closely related to human capital accumulation is a 
concomitant development and continuous upgrading of 
technological capacity to assimilate the latest technology, 
and to enhance product design capacity through institu
tion building for science and technology. Institution 
building should also focus on the strengthening of ad
ministrative capacity along with a corps of competent 
technocrats. 

In general. none of these basic building blocks for 
manufacturing capacity seems to exi-;t in sub-Saharan 
Africa. The Asia-Pacific model of EOI strategy is simply 
not replicable at the early stages of industrialization, in 
which sub-Saharan Africa finds itself today. It seems 
evident. therefore. that in sub-Saharan Africa. the role of 
manufactured exports as an instrument to push industria
lization becomes less important than non-trade policy 
measures such as selective industrial targeting and nur
turing of infant industries. agricultural development and 
rural industrialization, strengthening domestic linkages 
between agriculture and manufacturing, promoting infra
structure developmen! and institution building. The rela
tive efficacy of the EOI strategy may vary according to 
time and place, depending on the initial conditions and 
the level of industrialization of the country in question. 
In sum. industrial productivity is the basic determinant of 
economic growth. while exports are a facilitating factor 
for such growth. 

2. Markets versu.J Stale 

Another important question raised at the outset of this 
study concerns the universality of free market and free 
trnde principles across economies regardless of the level 
of industrialization and social and economic conditions. 
Is "getting the prices right" the best policy for industria
lization and development? Ohviously, a correct price sig
nal alone may not he sufficient to induce and sustain the 
growth of industrial output without adequate physical 
infrastructure and socio-economic institutions. It has 
heen arg'.led in :his study that the scope for State inter
vention seems to depend on the stages of industria
lization. At the initial stages, where there are no func
tioning markets, State intervention may he quite exten
sive, undertaking public investment in infrastructure and 
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institution building and forcing industrialization, given 
the inability of the private sector to mobilize financial 
resources and undertake huge investment projects; but 
the scope for such intervention may diminish progres
sively as the market plays an increasingly important role 
in guiding the process of industrialization and the indus
trial structure becomes mature and complex. 

Today few doubt that successful East Asian industria
lized countries and areas such as Japan, Republic of 
Korea. Taiwan Province and most of the ASEAN coun
tries were strongly intc.-rventionist. The question is not 
whether the State intervention per se is good or bad. but 
what matters most is the nature and quality of interven
tion. The outcome of intervention will critically depend 
not only on the objective of intervention. for instance. 
iilward- or outward-oriented industriali1.ation. but also on 
the capability of the State to initiate and guide structural 
transfonnations leading to the functioning of free mar
kets. In the pa.st. active policy interventions in the East 
Asian l.'Ountries were targeted at the creation of competi
tive export industries and an outward-oriented economy 
after the initic.1 phase of import substitution. This transi
tion was considerably fac!litated by the development of 
efficient government machinery capable of overriding 
the competing demands of vested interest groups and 
disciplining various economic actors to implement tech
nocratic policies. In many other developing countries, 
State intervention was equally active. but often failed by 
misdirecting efforts towards an unsustainable strategy 
such as inward-looking industriali1.ation. compounded by 
the problem of weak government capacity to pursue a 
coherent policy. 

Like market refonns. the impact of trade liberali1.ation 
may also vary considerably from country to country. 
depending on the level of industriali1.ation of the CClun
tries concerned. For in-;tance, for a small undiversified 
economy with a small manufacturing base, trade liberali
zation may become soon untenable because of a surge of 
import.s for which foreign finance could not be found. It 
may seem more logical to introduce import liberali1.ation 
after domestic manufacturing capacity is sufficiently de
veloped and a suc<.essful export drive is launched. To be 
more specific. trade liberali1.ation may be achieved in 
step with the progress of the export drive through a com
bination of ~ime-phased relaxation of import controls, 
selective opening of domestic markets for foreign sup
pliers, rationalizing tariff structures, establishing realistic 
real exchange rates, more transparent effective protection 
via tariffs rather than quantitative restrictions etc. In this 
manner, a foreign exchange squeeze could he avoided 
through growing e:rport revenue paying for the increas
ing imported iuputs needed for expanding exports. 

The foregoing discussion seems to suggest that a 
proper sequencing of various policy refonns is critically 
important to the EOI strategy. There is clearly no univer
sally applicable approach to the sequencing of policy 
reforms. The optimal design and sequence may he coun
try-specific and vary considerably across countries. de
pending on the initial conditions, and especially the 
degree of political commi<ment to reforms and the 
bureaucratic capacity to implement reforms in the coun
try concerned 14111. However, despite considerable 
intercountry variations, the following I-road boundary 
conditions for sequencing may he suggested. First of all, 
apart from the crucial importance of basic infrastructure, 
the overall manufacturing capacity must he developed 



before building an export base. i\t the same time. macro
economic stabilization is essential to create a favourable 
macroeconomic environment for rapid industrial growth. 
Therefore. macroeconomic reforms should precede !'truc
tural reforms. including tr.lde reforms. Moreover. import 
liberalization should be introduced well after the upsurge 
of manufaciured exports. Finally the liberalization of 
financial and capital markets should come after trade re
forms in order to gain some degree of control over inter
national capital flows. which is essential to an orderly 
transition to an export-oriented economy and to stability 
in financial and capital markets. 

J. Agenda for industrial revita/ivllion 
in sub-Saharan Africa 

Sub-Saharan Africa today confronts a set of formid
able external and internal constraints to industrialization. 
They include crushing debt burdens and crippled import 
capacity; overwhelming dependence on commodity ex
ports and narrow specialization in a few commodity 
exports to a small number of countries. leading to insta
bility and a secular decline in export revenues, as well as 
a foreign exchange squeeze; infrastructure bottlenecks in 
areas such as transport. communications. water, gas and 
electricity; acute shortages of managerial and entrepre
neurial skills and skilled labour; inadequate administra
tive capacity and weak technological capacity; and em
bryonic economic and social institutions, including 
financial and capital markets, legal systems and other 
supporting technical services. 

Under these external and internal constraints, it is clear 
that strategy options open to sub-Saharan Africa sr,em to 
be very limited. The following points mus~ be taken into 
account in formulating a viable strategy for industrial 
revitalization in sub-Saharan Africa. 

(a) First and foremost, the onerous debt burdens of 
sub-Saharan Africa must be substantially alleviated. The 
debt overhang has caused a severe import compression 
of vital manufactured inputs and contributed to wide
spread capacity underutili.:.ation, thus stifling the de
velopment of small manufacturing industries in the 
region. The debt burden is obviously one of the most 
critical constraints to industrialization in sub-Saharan 
Africa, and its generous relief through outright cancel
lation or casing of the terms and conditions of debt on a 
greater scale than hitherto granted by donor countries is 
an essential precondition for industrial revitalization in 
sub-Saharan Africa; 

(h) It must be recognized that the promotion of manu
factured exports catering to world markets as a major 
vehicle for accelerating the pace of industrialization in 
the region is beyond the realm of feasibility for sub
Saharan Africa in the short and medium terms; 

(c) Despite downward trends for commodity prices, 
sub-Saharan African countries have no other alternative 
but to expand traditional commodity exports to cam 
foreign exchange for industrial finance; 

(d) While focusing on import substitution in light 
manufacturing, the development of resource-based in
dustries could be sek!ctively targeted at the same time. 
As underscored earlier, resource-based industrialization 
should be consistent with the operational and techno
logical constraints of an economy. In this regard, the 

development or revitalization of agroprocessing indus
tries is to be encol!raged. while miner.ll pmcessing is to 
be postponed until such a time as a broad manufacturing 
base is firmly established. because of its high technologi
cal requirements, scale economies and capital-intensive
ness; 

( e) No one can afford to stand by idly hoping for 
economic and technological constraints to disappear. In 
the light of rapidly growing FDI, whose economic sig
nificance may soon equal, if it does not already equal. 
that of trade, it is essential to start the process of indus
trialization. first by actively seeking FDI in light manu
facturing for both import substitution and exports. Given 
the considerable competitivc disadvantage of the region 
in attracting private capital flows, concerted efforts must 
be made to find ways and means of attracting FDI 
through international cooperation. particularly multi
lateral and bilateral technical and financial assistance, 
and of creating a favourable competitive environment for 
FDI from all sources. including NICs in East Asia and 
Latin America; 

(j) Finally, successful industriali7.ation in sub-Saharan 
Africa will depend critically on other factors which are 
not directly related to trade, such as the build-up of basic 
supply capacity. In this context. the development of 
physical infrastructure and human capital. institution 
building, rural industrialization and strengthening manu
facturing linkages with agriculture and with the rest of 
the economy arc of paramount importance, and were a 
major focus of chapter Ill of the UNIDO Global Report 
1992193. 

4. Possible lessons for sub-Saharan Africa 
from the Asia-Pacific expemnce 

The universal applicability of free market principles 
and trade liberalization across countries at different 
stages of industrialization seems to be contradicted by 
empirical evidence. Perhaps there may be a different set 
of optimal policies for each different stage of industriali
zation. On the other hand, each export success story 
based on the selective interventionist approach, particu
larly in East Asian countries, has more to do with unique 
country experiences than general characteristics of trade 
policy and market reforms, and hence may not provide a 
directly useful model for other developing countries. 
Nevertheless. it seems reasonable to deduce and genera
li7.e certain patterns of development discernible from a 
wide spectrum of country experiences of both success 
and failure. In this context, almost all aspects of the 
Asia-Pacific experience may offer broad lessons for 
policy makers in sub-Saharan Africa. They include, 
among other thing~. industriali7.ation strategies, macro
economic management, trade regimes with export pro
motion, market incentive structures, human resources 
development, technological policies, FDI and regional 
economic integration schemes. It is obviously beyond the 
scope of this study 10 provide a comprehensive compara
tive a!>sessment of the two regions. Instead, the focus 
will be on the specific aspects of the Asia-Pacific expe
rience in industrialization and trade outlined below, 
which may serve as useful signposls in the industriali1.a
tion process 10 be considered by policy makers in sub
Saharan Africa. 
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(a) Many of the su1."Cessful Asia-Pacific exporters of 
manufactured goods. in particular Indonesia. Malaysia 
and Thailand. depended heavily on traditional 1."0m
modity exports to finance infant industries not long ago. 
and today ha,·e be~n tr.m"fonned into major exporters of 
manufactured goods. Sub-Saharan African countries may 
gain some insight by carefully examining the transition 
phase: during which these Asia-Pacific economies devel
oped from being commodity e"tporters to being a expor
ters of manufactured gcod.-;. and particularly the strategy 
of nurturing light ll13nufacturing under protection first. 
and promoting its exports later while sustaining tradi
tional exports at the same time; 

(b> As empha..-;izcd earlier. almost all successful ex
porters of manufactured goods started with import sub
stitution in light manufacturing under protection. The 
key element in the infant industry argument is a rela
tively quick transition of protected industries producing 
for the domestic mark.ct to manufactured exports. Such a 
transition in many Asia-Pacific countries was completed 
in a relatively short period of time. and many factors 
were responsible for the rapid transformation. They in
cluded among other things the existence of a skilled 
labour force. rapid capital accu~ulation embodying the 
leading edge of world technology. and perhaps most 
important of all. the capacity of the State to discipline 
and lead the private SCl.'lor toward export promotion. It 
may be worthwhile: for policy makers in sub-Saharan 
African to carefully examine the Asia-Pacific experience: 
in order to gain a better understanding of the political 
economy of protection; 

( c) At the early stages of industriali1.ation. the quality 
of State intervention is essential to structural transforma
tion leading to the eventual functioning of mark.et sys
tems. In this regard. the Ea..-;t Asia experience may pro
vide valuable lessons. if carefully adapted to local 
conditions. for sub-Saharan policy makers seeking to 
upgrade the quality and c:ffecti\·eness of public adminis
tration and to strengthen their technocratic cai>acity to 
direct the overall economic transformation; 

(d) Many of today's successful exporters of manu
factured goods in the Asia-Pacific region. such as China. 
Indonesia. Malaysia and Thailand. gained an initial foot
hold in export markets through joint ventures or other 

cooperati,·e arrangements with transnational corpor.itions. 
Given the paucity of managerial and entrepreneurial 
skills coupled with relatively weak technological capa
city in sub-Saharan Africa. FDI may be one effective: 
way to build a manufacturing ba..;e for import substitu
tion and exports. Despite the current debt overhang. pay
ment arrears. the lack of cheap skilled labour and many 
other unfavourable factors which may deter FDI in the 
region. concerted effort-; should be made to improve the 
investment climate. through the formulation and imple
mentation of policies designed to attract FDI. The Asia
Pacific experience: may offer some: useful lessons for 
sub-Saharan policy makers in this area; 

(e) A wide array of export promotion measures and 
instruments developed in various Asia-Pacific 1.-ountries 
may offer a broad menu from which to choose a set of 
export instruments suited to the needs and conditions of 
specific countries in sub-Saharan Africa. Among many 
export promotion scheme:\ to be considered are technical 
marketing support to potential exporting firms. direct 
export subsidies and other preferential export financing. 
fiscal and investment schemes. export processing zones. 
bonded warehouses and factories. duty drawbacks and 
tax rebates on imported input-;, new export credit. prc
shipmc:nt financing. export credit guarantees and the 
establishment of an export-il!lport bank; 

(j) Finally, sub-Saharan Africa may berscfit from a 
sy-.tc:matic comparative a-;sessmc:nt of export-led indus
triali1.ation strategies of various Asia-Pacific countries in 
general. and of the: design and sequence: of their policy 
reforms in particular. It wa..'i empha-;izc:d earlier that a 
proper sequencing of various policy reforms is crucial to 
the: success of the EOI strategy. Although the strategy 
pursued by most Asia-Pacific countries can be broadly 
characterized a-; c:xport-oricnlc:d. the: experience: of each 
country may be historically unique: and divergent from a 
stylized EOI strategy. given the vastly different socio
economic conditions and historical legacies of those 
countries. Great caution must obviously be exercised in 
drawing lessons for sub-Saharan Africa from lhc: dyna
mic industrial growth of the Asia-Pacific region, particu
larly in view of the enormous inslitulional variations 
across countries in terms of the: polilical commitment to 
policy reforms and the organi1.atio:ial capacity to imple
ment them. 

Annex I 

METHODOLOGY FOR INPUT-OUTPUT DECOMPOSITION 

The analytical framework u~d for 1hc: dc:compm!lion of 1hc: 
rources of growlh i• ha•ed on an accounting idcnlily of inpul
outpul malc:rial halancc:. In other words, cach i11Jus1ry oulpul is 
equal 10 ils various uses. 1ha1 i•. in1c:rmcdia1c u•c. fin;1l demand 
and exports. A change: in lhc: malc:rial halancc: hctwec:n lwo 
period• was then laken 10 match lhc: change in indu•try output 
lo changes in various u•c:s. In •hort. ii is a demand-side decom
position u•ing a comparative stalics framework. 

The variahle• defined hclow wall he u•rd In de~rahc 
the dccompmilion method u•cd in the: prc:senl s111dy. Unless 
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specified othcrwi~. matrices arc hcncc:fc>rth dc:n111ed hy capiral 
lcucn and vectors arc wrillen as lower-case: lcllers. 

A iJ 11 (run) lotal inpul coefficient malrix, that i•. domc•lic plu.s 
imported input• divided hy the total ourpul of each indu•lry 
(column sum). 

M i.f ,, (mn) imported inpul coefficient matrix. 

A' = A - M. e1 (n.tnl domestic input cocificienl malrix. 

q i.r 11 (11.1/) output vec111r. 



f is a (llll} final demand vector. 

r i.r d (IUij import demand '"C\.'1tlr. 

r =I - r. a (n.d} domestic demand V"-"1or. 

z is d (rul) cxpon YC\.-tor. 

£ i.r a (IUIJ vector of errors. or SlatislK.-;al discrepancy. 

1bcn. m input-ourput m;o~crial balance equa1ion is 

q = A" q + r + x = (/-A")-• er •. (> = rc.r • x> 0 > 
where R' = (/-A")-' 

Taking a diffcrcncc or q between two periods and adding to 
and subtracting rrom the equation the same term R:if~ + z 1) will 
yield 

&i = qz - q, = R": ift + .lz) - Rt <r. + ..t,) (2) 
=~~·~-~(f',_+~+~(f',_+~-~t.r.+zj 

From the third and fourth tcnns is derived: 

~ <l"z + ..tz) - Rt (ft + x,) = Rt (,j/" + At) 
= ~ 1,J/- ,j/"'+ At) 

(3) 

From the first and KCOnd terms is derived: 

R'! ~ + .l:) - ~ ~ + .11) = Nt'(f',_ + l:) (4) 

From equaiions ( 3) and ( 4 ). a change in uulput is dn""Olll
poscd as follo-.-s: 

(final demand effect) (5) 

(final demand import. substitution effect) 

(cxpon effect) 

+ .dR'(/~ + ..t1) (effects of technical change + 
input impon substilution) 

MOROvcr. when the residual vcctor (or sutistical discre
pancy). E. is included in the malcrial bal;mcc equalion (I). i.e .• 
q = A"q + f4 + z + £. the residual vector r is added to the 
decomposition or a change in output. i.e.: 

<ir = R~ - R'c 
.. .. l ' 

(6) 

Allllt'..t II 

DEFLA TORS FOR INPUT-OUTPUT TABL~ 

The decomposition analysis requires the appropriate dena
tion or the input-output tables for each period and c::::h country 
so that the flows or output arc expressed in constant prices. 
Ideally, the data for all economics and periods should be de
flated by a common set or world prices for a representative 
year. In the absence or such a common deflalor, the output sale 
or each sector to both intcnncdiatc and final demand is denatcd 
by the 1985 dGlncstic constant price or that sector. In the 
present study. the 1975 tables wen: denatcd 10 the 1985 prices. 
taking 1985 as the base year. The sectoral output denators an: 
calculated from the gross domestic product of each country by 
kind or activity in both current and constant prices, which an: 
given in the United Nations national accounts statistics.• As a 
result. the sectoral clas~ification adopled for deflators corre
sponds 10 that used in the national accounts statistics. The sec
tors include agriculture, mining. manufacturing, public ulilitic~. 
construction and services. Dcflators for services an: a weighted 
average of the four subactivitics or the service sector given in 

•See National Ar,·musrs Sta1i.rtics: Main Alflf"lf"'u tllld lHtai/,d 
Tabl,:. 1989 (Uni1cd Nations publication, Sales No. E.91.XVll.16). 
parts I and II. 

the national accounl'i, as follows: wholesale and retail; trans
port and communication.'i; finance. insurance. n:al estate and 
business services; and community. scx.;al and pcnonal services. 
Each sectoral output in terms or the 1985 constant national 
currency was converted into the United Stales dollar equivalent 
by multiplying the average exchange rales that prevailed in 
1975 and 1985. 

With separate sectoral output dena1ors cstimalcd from na
tional accounl'i statistics, lhc pun:ha.'IC of domestic inputs and 
final upcnditun: of each sector was deflated by the output 
deflalor of the supplying sector. The imported inpul<i or each 
sector wen: dcna1ed by the sectoral output deflators of the 
country or origin. Finally, 10 ensure the consistency of the 
material balance, value added al con.'itanl prices is derived by 
subtracting the con.'itanl price value of domestic and imported 
intermediate inpuL'i from the constant price value of output The 
sectoral oulpul dcflalor> for selected Asia-Pacific countries arc 
given in table 111.20. 

It should be noted that the relatively large sectoral dcflalors 
for the Philippines n:ncct economic stagnation with marginal 
changes in real sectoral output together with an almost three
fold devaluation of the peso in relation to the: United States 
dollar between 1975 and 1985. 

Table m.20. 197S oetpal ddlaton for tclc.clat 
Aai8- Pacific: coaatrica itl 1985 pricu 

(198S • 100) 

Sce1or Republic Uni led 
and ilcm Indonesia Malaysia Philippines of Korea Singapore Thailand Japan S1a1cs 

Agricullure 6-4.7 68.S 179.2 lSl.O 93.7 86.0 84.7 79.6 
Mining 37.7 S2.6 209.8 16-C.S 47.2 S7.4 81.S 96.0 
Manufacturing 2S.9 47.1 206.3 S6.0 so.s 66.6 44.S 69.2 
Public utilities 56.9 42.2 108.7 37.0 41.9 43.8 Sl.6 76.S 
Consiruclion 41.2 42.3 238.6 61.2 38.0 61.1 78.J 90.3 
Scrvicn 4S.8 S0.3 196.S 76.4 40.6 66.7 49.4 70.6 
GOP 4S.3 SJ.S 195.4 83.6 45.7 69.1 S3.S 74.0 

Souru: Notional Accounu Srotirtics: Main Aggugott and ~toiltd Tobi's, 19.99 (Un11ed Na lions public a 1 ion, 
Sales No. E 91.XVll.16). 

121 



AllMX Ill 

INPUT-OUTPUf INDUSTRIAL Cl.A~IFICA TION SYSTEM 

TMle 111.ll. Classilfttioll ot illlt.-dillk illllastries 

Code 7·Kctor classification Code 24·5"tor classification Code 8asir classific;11 ;uall 

001 Agricullurc, livestock. 001 Paddy 001 Paddy 
forestry and fishery 002 Other agricultural produc1sl/ 002 Cusava 

004 Sugar cane and beet 
oos Oil· palm and coconuts 
006 Fibre crops 
007A Other grain 
0078 Other rood crops 
008 Other commercial crops 

003 Livestock 009 Livestock and poultry 
004 Forestry 010 Forestry 
oos Fishery Oil Fishery 

002 '.\tining and quarrying 006 Crude petroleum and natural gas 012 Crude petroleum and natural gas 
007 Other mining 013 Coppero~ 

014 Tin ore 
OlSA Iron ore 
01S8 Other metallic ore 
016 Non-metallic ore and quarryin& 

003 ManuCacturin& 008 Food, bevcra1cs and tobacco 017 Oil and Cats 
018 Milled rice 
019 Other milled grain and f1our 
020 Su car 
021A Fish products 
0218 Slaughtering and meal products 
021C Other Cood products 
022A Bcvcraccs 
0228 Tobac:ro 

009 Textiles, leather and 0023 Spinning 
the products thcrcoC 024 Weaving and dying 

02S Kni11ing 
026 Wearing apparel 
027 Other made-up lcxlilc products 
028 Luther and leather products 

010 Timber and wooden 029 Timber 
products 030A Furniture 

0308 Other wooden products 
011 Pulp, paper and 031 Pulp and paper 

printing 032 Printing and publishin& 
012 Chemical products 033A Synthetic resins and plastic 

03S8 Other chemical producrs 
013 Petroleum and petroleum products 036 Refined petroleum and ill products 
014 Rubber products 003 Natural rubber 

037 Tyres and lubes 
038 Other rubber products 

OIS Non·mc1allic mineral products 039 Cement and cement products 
040 Glass and glass producl5 
041 Other non·m.:tallic mineral products 

016 Metal products 042 Iron and steel 
043 Non·Ccrrous metal 
044 Metal products 

017 Machinery 04SA Acric:ullural machinery and equipment 
04S8 Specialized industrial machinery 
04SC Ordinary industrial machinery 
04SD Heavy electric machinery 
04SE Engines and turbines 
046A Elcctronin and electronic products 
0468 Other elecrric machinery and applianccs 

018 Transport equipment 047A Motor vehicles 
0478 Motor cycles and bicycles 
048A Airrrah 
0488 Shipbuildin& 
048C Other 1ranspor1 equipment 
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Code 1-scctor classification Code 

019 

004 Electricity. sas. 020 
and water supply 

oos Construction 021 

006 Trade and transport 022 

007 Services 023 

024 

24-si:t"tor classification 

Other manuracturin& products 

Electricity. sas. 
and water supply 

Coast ruction 

Trade and transport 

Services 

Public administration 

Code Basic classiftcationll 

049 
OSOA 
OSOB 
OSl 

OS2A 
OS?B 
OSlA 
0S38 
OS4A 
OS48 
oscc 
OS6 
oss 

Precision machines 
Plastic products 
Otber manufacturia& products 
Electricity. sas. 
and wacer supply 
Buildia& construction 
Otbcr coas1ruction 
Wbolesale and retail trade 
Transportation 
Telcpbonc and telecommunication 
Otber business services 
Otber services 
Unclassified 
Public administratioa 

s_.r: Asiait brtitnra1itMo1 llf/llll..(}wplt Tai* 1915 (Tokyo. lnsti1ute ol Dcvclopin& Ec:ooomics. 1992). 
11 Tbis is tbe most detailed :lassification. la some countries. some sectors arc aurciatcd. 
~ la Cbiaa, Malaysia and tbe United Slates. "paddy" is included in Ibis scclor. 
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IV. A survey of selected manufacturing industries 

Thirteen comprehensive industry surveys arc pre
sented in the present chapter. Five of these analyse the 
primary processing industries. Included among the food
and wood-rrocessing industries arc cocoa processing 
(ISIC 3119), seafood processing (ISIC 3114). and market 
pulp (ISIC 341 IOl-341116). The mineral-resource-based 
industries selected a.-c copper processing (ISIC 3720041-
3720042) 3nd petrochemicals (ISIC 351103-351131). 
These arc followed by surveys of intermediate good.-; 
industries with a high-technology content. Included arc 
fine chemicals (parts of ISIC 3512. 3522, 351102). 
higher-value-added steel (parts of ISIC 37!0 and 3819). 
and advanced materials (part of ISIC 3513. 3610, 3620. 
37 IO and 3720). The remaining surveys deal with the 
important issue of financial and technological revitaliza
tion of capital-goods industries. The industries ccvered 
arc semi-conductors (ISIC :,83228), power-generating 
equipment CISIC 3831 ). fertili7.cr equipment (ISIC 3822). 
industrial lift trucks (ISIC 384315-384319) and numeri
cally controlled machine tools (ISIC 3823). 

In the primary processing industry, profitability and 
subsequent investment vary with the cyclical market con
ditions induced by changes in the industries requiring its 
output. This is particularly true of raw materials proces
sors such a'i the market pulp and copper processing in
dustries. Fluctuations in cocoa also depend on supply 
problems. and in seafood they vary wilh price and con
sumer tao;te. The petrochemical survey describes an in
dustry that hao; forward linkages to other industries such 
ao; automobiles. other finished chemicals, clothing and 
housewares, while competing with other new materials 
such ao; synthetic or advanced materials, particularly as 
technology shift'i. 

In 1hc cao;e of in1ennedia1e industries, the production 
level depends not only on lhe derived demand for their 
outputs but also on lhe costs of !heir inputs. These indus· 
tries are also critical for their forward and backward link· 
ages to other industries in the overall economy. All 
the included industries also depend on lechnological ad
vances to continue their growth. The survey of the fine 
c'1emicals industry reveals that ii has very close forward 
linkages with the phannaceutical. agricultural raw-mate
rials and food i'1dustries. New types of chemicals have to 
be developed as the medical industry strives further lo 
conquer traditional and new diseases. New chemicals are 
also needed as insect. fungus and weed varieties hecome 
hardier and more resislanl. The higher-value-added sleel 
survey addresses new technologicai developments in this 
growing industry, and also suggest11 how environmental 
implication11 of steel production can he over.:ome with 
the new products. The survey of lhe advanced materials 

industry re.-eals lhe speed of technological change relat
ing to factor inpulS taking place in many industries. 
Advanced materials compete increasingly wilh steel, 
copper. wood and chemical products, including plastics, 
in many areas of product manufacturing. Finally, the 
survey of lhe semiconductor industry illustrates how 
quickly new technologies arc advanced and applied. Of 
particular note is how quickly NICs such as the Republic 
of Korea and Taiwan Province have been able to enter 
these high-technology domains. 

Among the capital-goods industries, the survey of 
power-generating equipment illustrates how large indus
tries in lhe North cover the world markers; yet at lhe 
same time, it shows how such industries can operate to 
the benefit of the Soulh. For instance, power-generating 
equipment firms arc being ao;ked to participate finan
cially in private electricity-generating finns in develop
ing countries. The surveys of fertili;r.cr equipment and 
copper processing illustrate two industries whose future 
to a certain extent depends on progress in developing 
countries. The industrial lift-truck industry depends more 
on what is happening in the North, particularly as busi
ness conditions affect materials handling and transport. 
The numerically-controlled-machine-tool and the semi
conductor industries are technologically sophisticated 
and still dominated by developed countries in world pro
duction and trade. The development of these strategic 
industries poses a fonnidable challenge to developing 
countries. NICs such as the Republic of Korea and Tai
wan Prm·incc have already taken up the challenge. 

The surveys vary in scope and deplh depending on the 
availability of data, which arc siill incomplete and inad
equate for certain industries. particularly those related to 
developing countries. Nevertheless, the findings seem to 
point to a number of common salient features, which arc 
summarized below: 

(a) Growth has levelled off in many industries, re
flecting the gathering impact of lhe world recession in 
the latter part of 1992 and its continuation in 1991. In 
some of the resource-based industries. such as copper 
processing, capacity utili1.ation has heen high and stocks 
for certain products have become low. The steel industry 
has jusl gone through a period of retrenchment, and 
price levels arc not yet sufficiently high to stimulate ca
paci!y expansion, yet some hope rests in the develop
ment of higher-value-added steel products. In the case 
of fertili1.ers, demand increases have riudgcd prices up
wards, with some new capacity additiClns facing the fer
tili1.er equipment industry. Likewise, the currently low 
level of capacity utiliT.ation coupled with environmental 
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concerns in the petrochemicals induslry suggests that no 
new capacity expansion will soon occur. In capital-gtxxlo; 
industries such a.-; industrial lift lrucks. sales in some 
countries are influenced by recession. while growth is 
occurril'!g in the markets of other countries with growing 
manufacturing sectors; 

(h) A growing trend towards less government inler
vention and more deregulation and privatization is dis
cernible. One of the most noticeable changes is taking 
place in the power-gener.ating industries. where a number 
of Gtwernments are encouraging private electricity gen
eration. The supporting equipment industry ha.c; been af
fected in its requested participation by GO\·emments of 
the South. In the steel industry. the privatization of gov
ernment-owned companies is occurring im:rea.o;ingly in 
both the North and the South. However. the converse is 
true in the petrochemicals industry. where government 
in\·olvement ha-; increased. In the countries of Eastern 
Europe and the former USSR. the rate of privatization 
has become extremely high; this movement in fact is 
likely to dominate economic change in those countries 
over the next several years. However. progress in the 
new market-oriented industries is slow. and in the ca.'iC of 
the machine tool industry. some time will be required 
before modernization is completed; 

(c) Trends towards conso!idalion have been evident 
among the more advanced industries. particularly in high 
technology. a.c; companies gear up to global competition. 
Thus. merger and acquisition activity has been extensive 
in the semiconductor and the power-generating equip
ment industries. This extensive restructuring ha-; been a 
response to substantial excess capacity. and adverse eco
nomic conditions have weakened demand. The restruc
turing of these industries worldwide has been carried out 
not only through the closure of obsolete plants. upgrad
ing capacity. trimming the workforce, increased Rand D 
expenditures and a shift in pnxluction towards higher
value-added output. but also lhrough mergers, take-over 
bids and acquisitions. The copper-processing industry. 
which is now experiencing greater sales and profits, pro
vides a good example of the benefits gained by industries 
that engaged in such restructuring. Examples of other 
such industries include the semiconductor and petro
chemicals industries; 

(d) In international trade, the United Stalt.s and Asia 
are of growing importance as export markets for other 
countries. the former because it can take advantare of 
production cost differentials in exporting developing 
countries, and the latter because demand has far out
stripped the capacity of local supply. The countries of 
Eastern Europe and the former lJSSR are likely to pro
vide markets evt"ntually for high-technology products 
such as higher-value-added s1eels. advanced malerials or 
semiconduclors. Another important faclor will be the 
impact on world markets of increasing unification of the 
EEC countries; 

(e) The rapid adoption of new technologies appears 
to be essential to lhe survival and expansion of many 
capital-goods induslries. For example, the modemi1.ation 
of the numerically-controlled-machine-tool industry de
pends on new technologies such as aulomatic l<Xll and 
process conlrol operations, numerical-conlrol systems, 
machinery centres, turning machinery. automation and 
computers and flexihle cells. Technology has also been 
driving lhe power-generating equipment industry. where 
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energy costs and environmental controls have fostered 
more energy-efficient and lower-polluting equipment. 
Furthem10re. many mining and minerJl-processing in
dustries ha\"e de\·doped or purcha'ied subd1\·isions that 
produce advanced materials. which often serve as substi
tutes for traditional mineral-based products; 

(j) Not surprisingly. many transnational corporations 
located in the United States, Japan and Western Europe 
are increa.o;ingly moving towards global market integra
tion and concentration. particularly in technology- and 
research-and-development-intensive industries. such as 
power-generating equipment. semiconductors and fine 
chemicals. However. the location of such industries in 
developed countries is likely to persist. because of their 
need for advanced technology and financial resources. 
and because of their geogr.iphic proximity to their re
spective end-using industries; 

(g) Environmental concerns arc having a growing 
impact on the technology choice and the location of 
highly polluting industries. This has become paramount 
in the power-generating equipment industry. where users 
ha\·e to make a choice, for example. between natural gas 
or coal-fired boilers. nuclear power or hydropower. In
vestment also in other industries such as petrochemicals, 
industrial lift trucks. seafood processing. higher-value
added steel. copper processing and market pulp for paper 
are being markedly affected by more stringent environ
mental regulations and consequent higher costs of pollu
tion abatement. There is thus likely to be relocation of 
these and other industries to developing countries, where 
pollution controls are less stringent. In o;ome cases. such 
a.o; petrochemicals. the production of lower-technology 
chemicals would also be more suited to production in 
developing countries. In other cao;es, the market pulp 
industry is concerned as to whether Governments will 
influence increased use of waste paper; 

(h) Finally. increased demand for manufactured out
put in developing countries has caused a renewed shift in 
manufacturing capacity to these countries. Some exam
ples of the industries involved are cocoa processing. sea
food processing and petrochemicals. In the case of ad
vanced materials the shift has heen slower, but some 
attraction also exists in the availability of raw material 
feedstocks. An increase in the demand for such manufac
tured products is also expected in Eastern Europe and the 
fomler USSR. 

A. Cocoa proces.o;ing (ISIC 3119)* 

/. Recent trend.f and current situation 

For most of the pasl JO years lhe world cocoa process
ing industry has benefited from strong growth in demand 
for ch'.lColate confeclionery in developed countries. At 
the same time. however, there has been a surplus in 
cocoa produclion. Since supply exceeded demand. cocoa 
bean prices have hecn driven downwards for a prolonged 
period of lime. Excessive cocoa bean stocks, as much as 
two 1hirds of a year's demand, have also contributed lf1 

thi~ downward pressure on prices. Low bean prices, in 

•( INll>O a1·knnwlc#r< thr conlnhulinn of Prier (irrtnhalgh. 
l.andell Mill< Cnm1111wJ1l1t< S1mht~. Cocoa an1l Coffee Rc<carch. 



tum. have pushed down the price of cocoa pmducts; for 
some processors. this ha.'> subsequently led to a squeeze 
on their margins of pmfitability. Consolidation and ra
tionalization in cocca-grinding ha.'> followed. as several 
large pnx:es5.ing companies. most notably W. R. Grace 
and Cargill. have taken over many smaller companies. 

At the same time. the end-use sector. which is prima
rily the choc-olate confectionery industry. has become 
ever more concentrated in the hand'> of fewer and fewer 
companies. These larger pnx:essors who have moved in 
the direction of more centr.llized buying are in a better 
position to negotiate competitive prices for cocoa pmd
ucts. Increasingly. the remaining smaller- and mcdium
sized cocua processors. especially those which remain 
independent from the large transnational corporations 
and which in tum often supply a dwindling number of 
independent medium- to small-sized chocolate compa
nies. are moving into nearly finished products. These 
pnx:essors supply producL'i such as coverture and com
pound coatings which have greater value added. and arc 
reducing the share of their turnover accounted for by 
cocoa butter ard powder sales. which have far less value 
added. 

The growth in processing in countries where beans are 
grown has also exerted an important influence on the 
supply of cocoa products. The West African producing 
countries. as well a.s Brazil and particularly Ecuador, 
invested heavily in cocoa processing during the 1970s, 
and oflen sold products al or below their costs of produc
tion. mainly because of generous subsidies. This put a 
sq:.icc1.c on the processors based in consumer countries. 

The 1980s saw a slight reversal in this t~nd; some com
panies retreated fmm this activity. or. in sever.ii cases. 
transnatio1aal pmcessors ha\·c taken them over. As a re
sult. the largest transnational corpor.itions are playing a 
more significant mle in Clx:oa pnx:essing at origin. Nev
ertheless. in the pa.'>t two years there ha..; been a renewal 
of l<x:al investment in processing in Indonesia. Malaysia 
and Nigeria. 

(a) Production and pmn•.tsing 

Tables IV.I and IV.2 confirm that Western Europe is 
by far the largest processing region for finished and 
semi-finished cocoa pmducts. In Europe. as in other 
ClX:oa-consuming countries. pmcessors can be divided 
into two different types: industrial pnx:essors. who grind 
for semi-finished or finished products which are sold to 
end-users: and confectionery pmcessors. who grind for 
their own purposes. but who do not sell semi-finished 
prodm:ts on the market. Within the group of industrial 
processors there ha.'> been a growing split between the 
transnational large-scale processors of cocoa butler and 
powder (Grace Cocoa/De 7A"l:ln and Cargill) and the 
smaller companies that produce near-finished products 
such as coverture. block chlx:olate and chips for baking. 

The European cocoa-pnx:essing industry expanded 
significantly in the late 1980s in response lo what later 
turned out to be a short-lived boom in the demand for 
cocoa butter. This sudden surge was due to the 
reunification of Gem1;:ny and the liherali1.ation of other 
Eastern European economies following the downfall of 
Communist control in those countries. All of a sudden 

Table IV.I. World piacliap ~ c:ocoa beau by maatry, 1916 aad 1991 
(Thousand IODDCS) 

Grindings Final ronsump1ion 

Pcrccn1agc Pcrccn1agc 

Economic grouping, change change 

region and counlry 1986!' 1991~ 1986-1991 1986!' 19911!/ 1986-1991 

~ «onomin 
Western Europe 67S.8 99S.7 47.3 681.0 97S.0 43.2 

North Amcric:a 249.9 3S80 43.3 S26.I 613.1 16.S 

:-~asrcrn Europe and former t:SSR 213.3 116.3 ·4S.S 270.0 170.0 -37.0 

Japan 3S.4 42.0 18.6 79.7 109.3 37.I 

Orbcr 19.4 18 0 -7.2 39.9 40.6 1.8 

Total, A I 193.8 I S30.0 28.2 I S96.7 I 908.0 19.S 

lNvt/opillg «onomin 
urin Amerin 376.7 3S7 0 ·S.2 IS0.9 198.9 31.8 

Alia 
Marker economics 64.I 2060 221.4 17.7 38.S 117.S 

Centrally planned economics 
(including China) 18.0 25 I) 38.9 15.I 29.4 94.7 

Western Alia 10.6 22.2 109.4 

Africa 186.9 2030 811 

To1al, 8 64S.7 791.0 22 5 194.3 289.0 48.7 

To11l, A and 8 I 839.S 2 321.0 26 2 I 791.0 2 197.0 22.7 

Sourca: l..andell Mills Commodi1ie1 Studies l..td., Cocoo Pmducu and />roc~ssing: Chal/blg<n tJlf.d OpponuniMs 111 

IN 1990s (Oxford, 1992); and lnrernarional Cocoa Organi1111on. (}uanerly Rul/nm of StaD.suc.s (London, December 
1992), vol. XIX, No. 1. 

al Crop year 1985/86. 
Ill Crop year 1990/91. 
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Table IV ..2.. wor111•a largal -•trirs piMiag aacl cm••m& axiaa. t99211f 
(Thousand tonnes) 

Grinding Consumptioa 

Percentage Pcrcca tagc 
Rank Country Quantity share Rank Country Quantity share 

l Germany 300.0 12.9 l United Stales S66.2 lS.8 
2 United Stales 291.0 12.S 2 Germany 277.6 12.6 
3 Netherlands 267.0 11.S 3 United Kingdom 112.5 8.3 
4 Brazil 224.0 9.6 4 France IS6.4 7.1 
s United Kingdom 136.0 S.9 s Japan 109.3 S.O 
6 C:Ote d'Ivoire 120.0 S.2 6 Former USSR 93.2 4.2 
7 Malaysia 90.0 3.9 7 Brazil 81.2 3.7 
8 Fonner USSR 67.0 2.9 8 Italy 68.3 3.1 
9 France 66.0 2.8 9 Spain S6.8 2.6 
10 Singapore 60.0 2.6 10 Canada 46.9 2.1 

World 2 328.0 100.0 World 2 203.0 100.0 

~a: Laadell Mills Commodities Studies Ltd .• Cocoa ProdMcts and hocasinr- OttM1afa and ~;,. 
* 1990s (OJ:Cord, 1992); and International Cocoa Organization, Qua1Urly Bu&lin o{SlalUlia (Loadoa, December 
1992), vol. XIX. No. 1. 
II Crop year 1991/92. 

Western consumables. including chocolate. were freely 
available in many shops. and consumers stockpiled those 
once rare items. Chocolate manufacturers in tum de
manded greater quantities of ingredients, including cocoa 
butter. powder and liquor. Although cocoa bean prices 
remained historically low. a shortage of these ClX:Oa 
products in the i;ipeline pushed up the price of cocoa 
products. The ratio of the price of cocoa products to 
cocoa beans increased rapidly; for instance. the ratio of 
cocoa butter to cocoa beans rose to over 4 for a brief 
period in 1990, whereao; the average is usually some
where between 2 to 2.5. 

Interpreting this as a permanent shift in demand across 
the former Gem1an Democratic Republic and Eastern 
Europe. processing companies expanded their capacity. 
In the meantime. income-constrained consumers in East
ern Europe found their problems to be purchasing power 
ra1her than the availability of chocolate, and reduced 
their purchases accordingly. By the time much of the 
new capacity came on stream, demand had stopped 
growing at such a swift pace. and ratios for cocoa butter 
had resumed thl!ir more normal levels. 

In 1991/92 Germany remained the largest cocoa 
grinder in the world for a second consecutive year, and 
made nearly 13 per cent of world grindings. the resull of 
the reunification of Gcm1any and the move in cocoa 
grindings from cast to west, where companies expanded 
capacity to meet the rise in demand for chocolate prod
ucts ( 1991/92 reflects crop year accounting as used in the 
cocoa industry). Comparing primary, intermediate and 
final consumption. it is evident thal much of Germany's 
grindings go to supplying the domcslic industry. How
ever. Germany also exports sit.cable quantities of cocoa 
liquor, butter and powder, and covers the large European 
market with its cocoa and chocolate products. 

The United States is the second largest cocoa-grinding 
country in the world, mainly because it is the largest 
consumer country. Almost the entire output of cocoa 
products in the United States is consumed domestically. 
However, the domestic supply of cocoa products is in
sufficient to meet demand, and import.~ of cocoa prod-
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uct~ (on a beans-equivalent bao;is) are nearly double the 
amount of domestic grindings. Most of the imports con
sist of higher-quality products. The United States supply 
is riraven by competitive low prices, which causes the 
industry to offer low-quality, inferior products. com
pared to superior imports. Recently. the United States 
cocoa industry has moved away from primary grinding 
of cocoa products and towards purchao;ing basic inputs 
such ao; cocoa butter and powder for manufacturing 
nearly finished products such as coverturc and coating. 
One prominent example of this is Grace Cocoa's shift in 
its processing plant away from grinding towards the pro
duction of a facility for producing finished chocolate 
products for use in the food-processing industry. 

The Netherlands is the third largest global cocoa 
grinder, accounting for over 11 per cent of world 
grindings. Given recent capacity expansions, its output 
has been growing steadily. As a small country. the Neth
erlands is a relatively small consumer of finished cocoa 
products; however, it is a significant exporter of semi
finished cocoa products. The explanation for its position 
as a cocoa products exporter is that Amsterdam has his
torically been the dominant European cocoa port. and 
major companies in the cocoa-grinding industry such a.o; 
Grace Cocoa/De Zaan and Cargill have large factories in 
the Netherlands. The Nelherlands supplies most of Eu
rope as well as olher regions of the world, and all major 
grinders have expanded capacity in recent years, particu
larly to mecl the growth in demand in both Western and 
Eastern Europe. 

Cocoa processing in Brazil expanded rapidly in the 
1970s because of generous tax subsidies and concessions 
which allowed returns of 22 per cent on investments. 
Processing businesses were given special lines of credit 
and were borrowing at negative real interest rates. II was 
possible, and often the case, that companies were selling 
cocoa products at ratios that did not even cover their 
costs of heans. and were !!till earning hcallhy profits. In 
lhe face of such incentives, both tran!lnational corpora
tions and family-owned businesses launched inlo cocoa 
pr<x:essing. Unfortunalely. companies were built on the 



assumption that such fin:tnei:tl allow:tJK.~s would con
tinue. and are now fik:ing gre:tt difficulty following their 
withdrawal. This is particularly true for family-owned 
businesses. :L"i contra."ited with transnational corporations. 
which have ~ technical. managerial. marketing and fi
nancial resources to buttress their Br.uilian operations_ 
Currently. Br.u.il ha." one of the world·s largest grinding 
capacities. However. it ha.o; been running at 1mly about 75 
per cent of its potential utili1.ation rate. and this is likely 
to decrea.o;e because of a lack of competitiveness in the 
face of subsidy cuts. 

C1'lte d·lvoire. like Brazil. expanded its domestic 
cocoa-grinding industry in response to a series of 
gO\·emment incentives. Produclion capacity is estimated 
to be around 120.000 tl>nnes. and processors ha\·e been 
working at nearly full capacity for ~ pa.<it four years. 
Cacao Barry owns three factories in Cote d·lvoirc. in
cluding a factory that produces primarily chocolate. 
Among others. Barry supplies its factories in France and 
the United States with products made in COie d·lvoirc. 
GraceJDe Zaan and Tardivat also have a stake in another 
large factory. UNICAO. Government support has gradu
ally been withdrawn from the cocoa-processing industry 
in Cote d·lvoirc. although it is widely believed that the 
industry obtains il'i bea.1s at concessionary prices. Be
cause all ~ factories have lies with transnational corpo
rations. it is likely that the industry will remain stable. 
and that grindings will be maintained at current levels 
over ~ next few years. 

The United Kingdom is also importanl for cocoa 
processing. Grindings have been growing steadily. reach
ing a peak of 136.000 tonnes in 1991/92. Having a large 
domestic chocolate confeclionery industry explains this 
growth in output The United Kingdom al~o imports 
sizeable quantities of cocoa butter for use in chocolate 
manufacturing. Its cocoa prodact imports (in bean 
equivalent) have ranged between 46 and 76 per cent of 
il"i total domestic cocoa bean grindings. Cocoa utili1.ation 
is sensitive to variations in the price of ingredientc;. espe
cially since ~ United Kingdom permits up to 5 per cent 
of non-cocoa fats to be utilized in chocolate products. 
Demand for cocoa butter therefore increases during pe
riods of low world prices. while substitution with cocoa 
butter equivalents rises when the butter price rises. Like 
France. the United Kingdom chocolate industry has links 
with territories with which the country has mainlained 

dose historic ties_ Helll--e. imports of cocoa pnxJucts 
from West Africa feature prominently in the United 
Kingdom. although the Netherlands is by far the biggest 
supplier of its cocoa butter. In addition. Malaysia ha'i 
becon~ :l more significant exporter of c\x.-.>a butter to the 
United Kingdom in rn--ent years. 

Fr.nu.~ also ha.'i a pmminent rncoa-grinding industry. 
Cik:ao Barry. with subsidiaries in COte d·lvoire and 
Cameroon. is the largest l.·ompany operating in Fralll~. 
Annual grindings in France mse in the early 1990s. 
rcik:hing appmximately 66.UOO tonnes in 1991/92_ In
creasingly though. Franc."C is relying on imports of semi
finishcd cocoa pnxJucl'i. One rca.'iOll for this ha.c; been the 
displacement in Camenxm and COie d'Ivoire of cocoa
pmcessing facilities established and managed by compa
nies based in France. Rationali1.ation and concentration 
within the cocoa-processing. coverturc and chocolate 
manufacturing industry in France are also accountable 
for this shirt. and arc likely to remain the trend in future_ 
One restraining factor on the gmwth of the chocolate 
industry in France is a series of controls which have 
operated on the price of cocoa and other raw materials. 
While insulating consumers from price fluctuations. 
these controls might well be responsible for curtailing 
investment in the expansion of the industry. especially 
since producers have been operating at lower margins of 
profitability. The lack of such constraints in other coun
tries is believed to have given foreign competitors an 
advantage. enabling them to take over financially weak
ened companies in France. 

( b) C muumption 

The major cocoa-consuming countries are listed in 
tables iV.2 and .lV-3. Some differences exist in the con
sumption pnx:ess in each or the major countries. As 
shown in table IV .4. they include primary consumption 
or grinding. intermediate consumption. final consump
tion and imports. Because of a robust de.nand for choco
late confectionery in Western Europe and North 
America. grindings in those regions have been advanc
ing. averaging nearly 5.7 per cent per annum between 
I 9RO/R I and 1990/91. Nevertheless, the recessim1 ap
pears finally to have had an impacl on chocolate con
sumption. with a slow-down in growth to less than 2 per 
cenl in 1990/91. Another factor that has constrained 

Table IV.3. Carrcat f"m: largest c:oaatries piadill& aad masamia& cocoa ia die Soatll, 1992'/ 
(Thousand tonnes) 

Grinding Con•umption 

Percentage Percentage 
Rank Councry Quan lily share Rank Country Quan1i1y •hare 

I Brazil 224 9.6 I Brazil 81.2 3.7 
2 COie d·lvoirc 120 S.2 2 Mexico 40.2 1.8 
3 Malaysia 90 3.9 3 Colombia 40.1 1.8 
4 Singapore 60 2.6 4 Argentina 26.4 1.2 
s Colombia 39 1.7 s China 20.8 0.9 

World 2 328 100.0 World 2 ;:oJ.O 100.0 

SOlllUS: Landell Mills Commodilics Studies Lid .• Cocoa PmdllaJ and Pmussing: Chll/lnlga and ()pporoJl'llMS in 
IN 1990s (011ford, 1992); ind lntcrna1ional Cocoa Organira11on. Quanmy IJuJkrin of SIJJlisDcs (London. December 
1992). vol. XIX. No. I. 
Ii Crop year 1991/92. 
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w 
0 

Primary consumption 
(grinding) 

Thousand 
Rank Country tonnes 

t: nited States 236.0 
2 Brazil 230.5 
3 Gennany 22')5 
4 :'l:etherlands 211.0 
s Former t:SSR 149.3 
6 Cote d'l~uirc 107.8 
7 t:nited Kingdom 101.7 
8 Colombia 46.2 
9 Italy 46.1 

10 France 44.5 
II Singapore 44.3 
12 !'dalaysia 43.0 
13 !'dexico 40.2 
14 Ec~dor 39.8 
IS Belgium and Luxembourg 38.2 
16 Japan 38.1 
17 Spain 37.3 
18 Cameroon 25.1 
19 Poland 23.0 
20 Ghana 22.9 
21 Canada 21.0 
22 Switzerland 20.6 
23 China 18.5 
24 Germany 18.3 
25 !'Oigeria :1.0 
26 Czechoslovakia 15.7 
27 Indonesia 15.2 
28 Yugoslavia 12.4 
29 Austria 11.9 
JO Hungary 11.8 

Table IV.4. Thirty leadl1111 t'O<'Oll~on~umlna t'ountrie5 u5llljl altematlve t'riterial 1 

(Average consumption of beans equivalent between llJll5 and l9'JO) 

lntennediate consumption Final consumption£/ 

Thousand Thousand 
Cou•Ury tonnes!!! Country tonnes Country 

l.Jnited States 4CJO.l United States s 12.'> Switzerland 

ThoU£and 
tonnes 

4.67 
Gennany IYS.4 Gennany 1118.4 Belgium and Luxembourg 3.81 
Fonner LJSSR 184.6 Fonner t:SSR 185.0 Austria 3.19 
lJnited Kingdom 145.8 United Kingdom 145.8 Germany 3.0S 
France 119.0 France 126.9 Norway 2.94 
Italy 65.9 Japan 99.2 United Kingdom 2.SS 
Brazil 63.9 Italy 63.9 France 2.27 
Japan b35 Brazil 57.1 United States 2.09 
Belgium and Luxembourg 62.0 Canada 49.0 C"'.anada 1.89 
Canada 47.8 Spain 44.3 Australia 1.77 
!"etherlands 43.8 Colombia 42.0 Sweden 1.76 
Colombia 42.8 Belgium and Luxembourg 38.9 Denmark 1.74 
Spain 40.9 Mexico 31.0 Hungary 1.57 
Switzerland 40.1 Switzerland 30.8 Germany 1.54 
Mexico 31.6 Australia 29.3 Israel 1.53 
Australia 31.2 Gennany l'i.6 Netherlands 1.48 
Germany 24.1 Austria 24.3 Colombia 1.37 
Austria 20.9 :-.:etherland~ 21.9 Greece J.24 
Poland 20.6 Poland 21.3 Spain 1.14 
Sweden 17.7 Czechoslovakia 17.3 New Zealand 1.12 
CzcchoslOlo 11kia 17.2 Hungary 16.6 Italy 1.11 
Hungary 16.5 China 15.1 Czech0&lovakia I.II 
Yugoslavia 15.7 Yugoslavia 15.3 Finland I.OS 
China 15.0 Sweden 14.9 Japan 0.81 
Ireland 13.5 Greece 12.<1 Bulgaria 0.80 
Greece 11.7 Norway 12.4 Ecuador 0.68 
Argentina 11.1 Argentina 11.l former USSR 0.6S 
South Africa JO.I South Africa 10.0 Yugoslavia 0.65 
Norway 8.9 Denmark 8.9 Poland 0.56 
Indonesia 8.7 Republic of Korea 8.3 Brazil 0.39 

SOlllCt: lntematiooal Cocoa Orpniz..ation, Quannly Bulkrin of Starisrics (London, March 1991), vol. XVII, No. 2. 

~Ill cocoa producl1> 
imponslli 

Thou1Htnd 
Country tonnes 

United States 27(1.IJ 
France 112.4 
Japan 54.7 
Spain 44.3 
United Kingdom 44.1 
Former l:SSR 3S.7 
Au1aralia 211.5 
Canada 28.0 
Italy 17.11 
llungary Hi.Ii 
Aulitria 12.4 
Sweden I I.ti 
Switzerland 10.2 
l'orway IJ.I 
Yugoslavia 2.IJ 
C.zechoslovaki11 1.6 
Belgium and Luxembourg 0.7 
Germany -41.1 
Brazil -173.4 
Netherlands -1111>.1 

II This aable is intended to highlight the differences in the ranking of cocoa-consuming countries which would ensue from the adoption of different mcuurcs of cocoa consump1ion. With 
the eX\.-cption of the estimate of final consumption in the Netherlands, the consumption series, which arc based on statistics published in the Quanerly BuUttin of Statistics of IN lntmrational 
Cocoa~. ha...: been computed on a crop-year basis using a single conversion factor in respect of trade in chocolate products. These series arc, therefore, necewirily different from 
those estimates of consumption computed on a calendar-year basis and using a variery of conversion factors in respect of chocolate. 

'11 Cocoa consumption by the chocolate-manufacturing industry and other industrial users of cocoa is computed by adding the net imports of cocoa products, in beani; equivalent, to grindinp. 
sf Cocoa consumption by final consumer is computed by adding net trade in both cocoa products and chocolate products, in bean1 equivalent, to grindings. A conversion factor of 0.20 was 

used in cases where chocolate products arc identified as containing only half the nonnal q~ntiry of cocoa. 
V lmpo115<Xpons. 



growlh is lhe salurJtion of the market for newer choco
lale pruJucls such as chocolale-nm:red biscuits and pud
dings. 

In Easlem Europe. where grindings ha\"e lr-Jditionally 
bttn prone lo large fluctuations. demand has declined 
steadily o\"er the pa.'l three years. As a result of rising 
unemployment and a rdated decline in incomes. demand 
is also likely lo remain stagnant for the next two to lh·e 
years. Meanwhile. many Eastern European l·ountries are 
relying on imports of finished or semi-finished products 
to meet domestic demand resulting from the obsoles
cence and lack of competiti\·eness of many local process
ing factories. 

Demand has been rising consistently and rapidly in 
Asia since the early 1980s. although it is grnwing from 
a small hase as compared with that of countries in Wesl
em Europe and North America. Demand in Asia should 
continue to expand more rapidly than elsewhere thrnugh 
the 1990s. 

(c) Major coc11d-prod11cinK cmmtrit•s in the S1111th 

Cocoa is a typical primary commodity in that it is 
grown mostly in developing countries and consumed 
largely in developed countries. Tables IV.3 ani; IV.4 
show lhat il is consumed primarily in the United Stales 
and Weslem Europe. Very little cocoa is consumed al 
origin. with the exception of Brazil. Conseljuently. in
vestment in cocoa processing in the producing countries 
is dependent on the export market for a return. Lack of 
a domestic market for chocolate products and intense 
competition wilh highly efficient companies in cocoa
consuming countries has put pnx-essors in lhe cocoa
producin)? counlries at a distinct disadvantage. The cosls 
of produ1..tion at origin are such that in all but a few cases 
cocoa processing is highly unprofitable. This explains 
the gradual decline in cocoa grinding in Latin America 
and lhe significant underutilization of processing capac
ity in most cocoa-producing counlries. However. despite 
such factors which seem to point away from invesling at 
origin. countries such as Indonesia. Malaysia and Nigeria 
are going ahead and selling up new processing opera
tions. 

As already mentioned. the largest producers of cocoa 
products in lhe Soulh are Brazil and C<ite d'Ivoire. 1:1-
deed. not only are lhey the largest in the South. bul they 
are among the top 10 countries globally. Howi:ver. they 
are not the only countries lo have embarked upon an 
ambitious programme of cocoa processing. Cameroon. 
Ecuador. Ghana and Nigeria have also invested heavily 
in proceo;sing. with generous support from th~ir Govern
ments. Unfortunately. the withdraw;il of gov··rnment 
support in recent year~. either as a policy decision Pr as 
a re~mll of insufficient funds. has led lo a collapse in 
cocoa processing. None the less, the industry in Ecuador 
has partially recovered because of a rationalization of 
the sel.'tor and investment hy Grace Cocoa in one of the 
larger domestic proi:essing companies. Nigeria i:. onl.'e 
again embarking on investment in cocoa processing with 
lending assistance from the Government through the 
Central Hank of Nigeria and the African Oeveloprnent 
Bank. The Government is also conlernplating an export 
han or export levy on cocoa beans to 1ssis1 the domestic 
processing industry. 

Indonesia and Malaysia arc the most recent producers 
of cocoa heans on a large scale and the newest arrivals 

t•n the cocoa-processing scene. linlike their counterp<irts 
in Afri.:a and Latin Americ;:. however. their industry is 
being linanl·ed exdu,ively hy the private sa:tor with no 
known government support. The industry expanded in 
the late l 9MOs in response to a mini-hoom in coco;1 huller 
prices relatiH: to the pri..:e of Ct>1:ua heano;. lluwe\·er. 
with the collapse in these ratios. some of the industrie.,, 
are operating at well below c;1paci1y. 

I J J Cocoa lmttt·r altt·rnatirn 

During the past three decades lhe exislence of alterna
tives to cocoa products has had a growing influence on 
the market potential of cocoa products. and hence on the 
size of cocoa-pn1':essing oper-Jtions. Most of these are 
altemali\·es to c11':oa huller. while alternatiws to n1':oa 
powder are a more recent de\·e1opmen1. and their impa..:t 
on the market has been small. !'l:nertheless. altern;iti\·e 
vegetahle-hased fats are he..:oming hoth more numerous 
and more technically complex. and a variety of tenns are 
used to describe them. These include cocoa huller 
Cljuivalents. which are chemically compatihle with cocoa 
huller and can be mixed with it. cocoa huller repla..:ef'. 
whi..:h are not as compatihle with cocoa huller. and Ctl\:oa 
huller suhstitutes. which cannot be used with cocoa hul
ler at all. The deveiopment and use of alternatives has 
been stimulated hy hoth technical and economic factors. 
The !alter are more important in that if an acceptahle and 
cheaper product can he found which does the same or a 
si:t1ilar job, then pmduclion costs of the final pr.iduct 
will be lower. The rise in cocoa hean and huller pri..:es. 
particularly in the late- I 970s and mid- I 9XO ... comhined 
with uncertainty t>Ver their future availahility. has con
tributed to the emergence and development of cocoa 
hutter alternatives. The greater the incentive to use ;ilter
natives. the higher the price of cocoa products. Exi.,ting 
ilranJed products using cocoa huller and cot:oa powder 
are unlikely to be modified to use cheaper fat-; he..:ause 
of the coo;ts inrnlved in the change and of the resislan.:e 
to change a well-established product. llowever. 11.·hen 
developing new products. the !'.ituation is more farnur
able for alternatives. particularly if cocoa pnid1K·ts are 
higher priced. On the technical side. small quantities of 
alternatives may improve the functional characteristics of 
the prnduct. and in some uses cocoa huller does not 
beh;we as well as alternative fats. 

The higgesl oho;lacle lo the use of cocoa huller equiva
lents in chocolate is the existing legio;lative restrictions in 
most major markets. The United States and most of the 
European Community forbid the use of cocoa huller 
t>quivalents in products labelled "chocolate ... The excep· 
lions are Oenmark. Ireland and the United Kingdom. 
which allow prrn.hcts labelled chocolate to contain up w 
5 pe1 cent vegetable fat other than cocoa huller. Upon 
accession to the EEC. those countries were pernfr.·~d to 
retai:1 the use of cocoa huller rquivalents in their prod
ucts. With the 199) creation of the '>inglc European 
market. it is likely that this "5 per cent rule .. will he 
extended aero'~ !he EEC. although no decision has yet 
heen taken. If the 5 per cent nilc is accepted and ad11pted 
by <111 countries anil manufacturers in the EEC'. then the 
""~ of l'Ol'oa huller equivalent l'ould triple hy the end of 
the decade. thus conl<1inin~ the ~rowth in demand for 
col'oa huller. particularly when price~ for it arc relatively 
high. 

1:11 



( e) lntematimwi tmdt• 

Not surprisingly. growth in world grindings has been 
accompanied by a rise both absolutely and proportionally 
in the volume of cocoa products entering the interna
tional market for semi-finished c11\:oa ;miducls. Certain 
countries. such as Gennany and lhe Netherlands. are in
creasing their grindings not only for the domestic markel 
but also for other countries. At lhe same lime. companies 
in some of those countries are ch11\>sing to grind less and 
buy mc;re of their cocoa iu lhe lomt of products. In ad
dition. many countries. including Gem1any and the Neth
erlands. both im!">rl and export a substantial quantity of 
cocoa pniducts. Tables IV.5 lo IV.7 rellect the pauem of 
trade in cocoa pniduc1c ·,vhile table IV.8 shows the size 
of the largest im!">rt and export marke1s for cocoa prod
ucts in tem1s of lheir dollar values. In particular. !ables 
IV.5 to IV.7 show gross imports and exports of cocoa 
butter. powder and liquor. From these ii can be seen that 
the EEC is bolh the largest im!"lrter and exporter of 
cocoa prooucts. On a net basis. however. the EEC im
ports only a fourth of the gross quantity of cocoa butter 
imports. and is a net exporter of cocoa powder. The rea
son is simply that much of the trade is intra-EEC. 

The European cocoa-prncessing industry is protected 
by a series of tariff barriers. African. Caribbean and 
Pacific countries are entitled to export all their cocoa 
products to the European Community free of tariff du
ties. The major beneficiaries are the four main Wlst 
African cocoa-producing countries. Countries operating 
under the generalized system of preferences. including 
Brazil. Ecuador. Indonesia. Malaysia and Singapore. pay 
a 3 per cent lariif on raw cocoa beans, bul are subject lo 
higher lariffs on semi-finished prooucts. In 1990. Bn
livia. Colombia. Ecuador and Peru were exempted from 
duties on all goods imported into lhe EEC. Of those 
countries. all but Bolivia export cocoa beans and prod
ucts. However. tonnages shipped 10 the EEC are negligi
ble. The full tariff rates. paid by all countries which are 
classified as a "most favoured nation" but which are not 
under the genera!ized system of preferences, are <;(ightly 
higher than for countries under that regime. There has 
been a proposal that tariffs on most-favoured-nation 
imports should be reduced. which would in turn lead to 
a small reduction in rates under the generalized system of 
preferences. 

Tariff barriers are nol lhe only explar.alion of trade 
patterns occurring within the EEC. Arguably a more sig
nificant factor is the quality of the products manufac
tured and the type of service offered to end-users by the 
large European grinders. Economies of si.:ale also give 
EEC producers a distinct advantage in terms of lower 
overall costs of produi.:tion. Many European end-users 
argue that they prefer to huy their coi.:oa products from 
large European manufacturers. sini.:e they i.:;m produi.:e to 
the highest quality specifii.:ations and i.:an abo have their 
products tailored to their particular requirements. Grind
ers can also deliver their products, particularly rncoa 
butter and liquor, in bulk liquid form in heated tankers 
on a "just-in-time" basis, thus saving end-users i.:osts of 
storage and overhead. Coi.:na processors at origin cannot 
offer this advantage because of the disrance between 
factories and end-users. Many m:1::::f:ic111rcr<; al<;o ciaim 
that most of the processors al ori~~in ).!l'nerat~ produi.:ts 
which are not up to their q1; ... ,p('cilii.:ations. and 
would only purchase produi.:t.s a' . •)'in if they were of-

J:l2 

fered at a substantial Ji,i:ount. often at a price at \\hi1:h 
pmcessors at origin i:annot afford tn pniduce. 

As a large reprocessor of i.:ocoa pniduct'. the :'\ether
lands imports about one half of its pnidui:ts from i:oun
tries of origin. The large ll111:tuations in imports. mainly 
from suppliers al origin. depend on capacity utili1atiun in 
the Netherlands and produi.:I prices. France is also a rela
tively large im1"1rter of cucoa pnidui.:ts from origin. par
ticulany because of Cacao Barry factories in Ciite 
d'h·,iire and Cameroon whii:h supply its fai.:tory in 
France. The United Kingdom is the only olher European 
country known lo import substantial 4u;mtities of cocoa 
pniducts. particularly cocoa butler from origin. It obtains 
butter primarily from Ghana and Nigeria. whose cocoa 
ha.o; the flarnur characteristics upon which the United 
Kingdom built its chocolate tastes and rt>i.:ipes. 

Unlike the EEC. the United States ex1"1rts very litlle 
of its domestically pniduced cocoa pniducts. Its market 
is far more open to imports of cocoa pniducts from ori
gin countries lhan is the EEC. Thus. the United States is 
both a large gross and net im1"1rter of cocoa butler. liq
uor. cake and 11\>wder. One reason for its openness to 
products from origin is that it is more ;1 price-driven than 
a quality-driven market. Although import standards for 
hygiene are very high and exacting. flavour aspects are 
less critical to the end-use sei.:tor. p;;rtii.:ularly for baked 
gmids and for generic. own-brand chocolate companies 
that produce a substantial amount of chocolate "fla
voured"' pniducts using cocoa powder and vegetable fat. 
Pure or plain chocolate bars or pieces also have a flavour 
inferior to the better-4uality imports. 

Historically. most Eastern European i.:ountries ha\·e 
imported beans and pnidui.:ed their own cocoa pniducts 
for use in their ch11\:olate production. The former USSR 
was the one signifii.:ant exception. in that it used to be a 
substantial importer of cocoa liquor. primarily obtaining 
supplies from countries of origin such as Brazil and Ci1te 
d'Ivoire. It then used the lil1unr either directly for choco
late produi.:tion or. when grinding capa•:ity was fully uti
lized, for pressing into huller and cake. With the collapse 
of the former USSR. rncoa product imports have been 
redui.:ed substantially. and the outlook for the future is 
uncertain. Ai.:ross Eastern Europe the future of cocoa 
processing will depend on whether future investment in 
the sector will go towards rehabilitating old cocoa
processing factories. or whether the various countries 
will rely instead on import.s of .\emi-finished or lini.,hed 
products. The purchase by major transnational corpora
tions. such as Nestle and Jacobs Sm:hard. of many do
mestii.: chocolate i.:onfcctionery companies in the C1.ech 
Republic, Hungary. Poland and Slovakia is already de
termining the i.:ourse in favour of imports of semi
finished and finished products from We .. tern Europe. It 
remains to he seen whether this pal!ern will be repeated 
in the former USSR. 

(fl Major 01111pa11i1•J 

Currently. the coi.:oa indusiry is i.:harai.:teri1ed hy a 
high degree of concentration. As shown in tables IV .9 
and IV.10. nine companies accounted lor nearly 50 per 
i.:ent of glohal i.:apacity an,I an e'timated 62 per cent of 
world grindings in 1991192. All nine rnmpanies are 
hased in either Europe or the ( lnitcd States. althou~h 
some of them have a 'ignilicant .. hare of their capacity in 
i.:ocoa-produi.:ing i.:011ntries. Turnover and profits of ma
jor con:panies arr giwn in table IV .11. 
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Table IV.5. World's flye •~rwest tountrles exportlna and importina totoa butter, 1986 and 1991 
(Thousand 1onnes) 

Expons 

World World Percentage World 
Quantity percentage Quantit) percentage change Quantity percentage 

RAnk Country 1986!' share 1991~1 share 1986-1991 Rank Country 198611 share 

:"etherlands 69 126 28.7 106 678 29.0 54.3 I t:ni1cd Stales 68 302 27.5 

2 Brazil 41 169 17.1 52 180 14.2 26.7 2 Germany 26 032 10 .. ~ 

3 COie d'Ivoire 26 854 I l.I 31 373 8.5 16.8 3 Netherlands 15 699 6.3 

4 Germany :?6 821 I I.I 31 129 8.5 16.I 4 L:ni1ed Kingdom 34 273 r 
5 Malar.>i• 10 093 4.2 29 225 7.9 189.6 s France 18 464 I.~ 

World 2'11 190 100.0 368 250 100.0 52.7 World 248 340 100.0 

Sowct: Landcll Mills Commodities Studies Ltd., Cocoa Products and Proct'ssing: Challengts and Opportunities in the 1990s (Oxford, 1992). 
II Crop year 198.S/86. 
~ Crop year 1990/91. 

Im pons 

Quantity 
19911!/ 

90 116 
56 244 
35 185 
29 841 
27 719 

365 280 

T•hle IV.6. World'~ l•rae~• tnuntrle1 npnrtlna And lmpnrtlna totoa powder And t11ke, 19A6 11:1d 1991 
(llmu511nd 1onne~) 

Expons Imports 

World World Percentage World 

World 
percentage 

share 

24.7 
15.4 
9.6 
8.2 
7.6 

100.0 

World 
Quanllty percentage Quantity percentage change Quan1i1v percentage Quantity percentage 

19f!61!" share 1991 ll/ share RAnk Country 19861! share 1991~1 share 1986-1991 Rank Country 

I Netherlands 72 304 28.9 101 742 30.7 4D.7 I United States 90 193 37.4 124 36•) 37.6 

2 Brazil 40583 162 57 835 17.4 42.5 2 Germany 18 393 7.6 27 072 8.2 
) German)· 29 390 11.7 38 0!16 11.5 29.6 3 Prance 19 011 7.9 24 931 7.5 

4 Singapore 14 749 5.9 25 939 7.8 75.9 4 Spain 7 973 3.3 15 299 4.6 

5 elite d'Ivoire 39 987 160 20 498 6.2 -48.7 s Italy 13 315 S.5 1:1 963 3.9 

World 241 190 100.0 368 250 100.0 52.7 World 240 980 100.0 330 R50 100.0 

Percentage 
ch•nt;e 

1986-1991 

31.9 
116.I 
124.1 
-12.9 
SO.I 

47.1 

Pcrcen11ge 
chance 

1986-1991 

37.9 
47.2 
31.1 
91.9 
-2.6 

37.3 

SOflr'(;ts: Landell Mills Commodities Studies l.td., Cocoa Products and Proctuing: Challtngts and Opporrunltits in IN 1990s (Oxford, 1992); end lntem11ional Cocoa Orpniz.alion, 
Quamrl) ~of Statistics (l..ondon, December 1992), vol. XIX, No. I. 

al Crop year 198.S/86. 
Ill Crop year 1990/91. 
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Table IV.7. World'~ nve larwe~t tnuntrlu expnrtlna and lmpnrtln11 tntn11 llqunr, 19116 11nd 1991 
(llmuund tonne•) 

Expons lmpon• 

World World rercentage World World rercentaae 
Quantity pen·entage Quantity percentage change Quantity percentage Quantity percen111e change 

Rank Countty 1986L' share 1991111 share 1986-1991 Rank Country 19861/ share 1991111 share 1986-1991 

I C6te d'Ivoire 26 293 158 39 930 23.J 51.9 I France 28 446 19.J 40 212 28.0 41.4 
2 Germany 19 5S3 11.8 29 700 17.4 St.9 2 United Statea S6 615 38.4 25 2SS 17.6 -SS.4 
3 Bmil 60 190 36.3 26 SIO IS.S ·S6.0 3 ArgenJin• s 9S9 4.0 8 320 S.8 39.6 
4 Netherlands 3 Sb) 2.3 IS 681 9.2 30S.9 4 Nrtherl1nd1 12 397 8.4 8 133 S.7 .34,4 
s &uidor 32 821 19.8 14 750 8.6 -SS.I s Former USSR 28 ISO 19.1 7 336 S.I -73.9 

World 16.S 930 100.0 171 060 100.0 3.1 World 147 590 100.0 143 61-tO 100.0 ·2.7 

SoiU'C'f'S: 1..andell Mills Commodities Studies l.td., Cocoa Products and Proctssing: Challtngts and Opporrunitits in IM 1990s (Oxford, 1992); and International C.ocoa Oraaniution, 
Quantrly Bullttin of Statu11ct (l.ondnn, December 1992), vol. XIX, No. I. 

11 Crop year 198S/86. 
Ill Crop year 1990/91. 

Table IV.I. Valac ol c:ocoe products for rive largest Clpor1ill& aad lmportill& COUDtrica, 1986 IDd 1990 
(Million dollars) 

Ex pores lmporu 

Value Value Percenta&e change Value Value Percentaac chanae 
Rank Country 198611 199~ 1986·1990 Rank Country 198611 199~ 1986·1990 

I Netherlands S69 S2S ·7.7 I Germany .. 396 
2 Germany .. 248 .. 2 U11ilcd Statea 448 369 • 17.6 
3 Brazil 2S7 198 ·23.0 3 Netherlands 430 341 ·20.7 
4 Cote d'Ivoire 252 117 ·53.6 4 United Kin&dom 257 192 ·2S.3 
s Ecuador .. 6S " s Italy 126 88 ·30.2 

$OIU'('ts: Landell Milla Commodities Studies Ltd., Cocoa Producu and Procusini; Ch41knfU and OpponunUJa In w 1990s (Oxford, 
1992); and International Cocoa Organization, Quantrly Bullttin of S1ali.nks (London, December 1992), vol. XIX, No. I. 
ti Crop year 1985/86. 
~ Crop year 1990/91. 



Table IV.9. Estimated crilldiacupKitiacl .. ia iadatria by seocrapllical an:.u, 1992 
(Thousand 1onnes) 

Economic grouping. 
industry and company 

Western Europe 
Cocoa processors 

W.R. Grace Lid. 
Cargill Lid. 
Bury ln1erna1ional (Cacao Bury) 
ED & F Man 

To1al 

Finished products 
Cadbury Schweppes. pie 
Rowntree Mackinlosh (:Sestle. SA) 
:Sestlc. SA 
'.\.tars L'K Ltd. 
Philip Morris Companies. Inc./ 
Kraft General Foods International 

To1al 

Mixed industries 
Klaus Jacobs. SA!i 

Other Western Europe 

Total. A 

:Sorth America 
Cocoa processors 

Philip Morris Companies, Inc./ 
Kraft General Foods International 

W.R. Grace 

To1al 

Finished products 
Hershey I Pe1er Paul Cadbury 
Hershey Food Companies, Inc. (joinl venlure) 
:Sesllc, Inc. 
Rownlreee Mackin1osh. pie (l"'esllc) 
'.\4 & M/Mars. Inc. 
Cadbury Schweppes. Inc. 

To1al 

Mixcd indus1ries 
Klaus Jacobs, Inc. 

Olher Sorlh America 

To1al, B 

Producer companies 
Cocoa processors 

Cacao Barry 
ED & F Man 
W.R. Grace 
W.R. Grace (joinl venlures) 
Cargill 

Toca I 

Mixed induslflu 
llershey 
Sescle 
Cadbury Sch ... eppes, pie: 
Rowncree Mackin101h (Se11le) 

Toi al 

Percentage oC 
Capacity 1ou1l regional capaci1y 

166 soo lS. I 
150 000 13.6 
60 000 s.s 
70 000 6.4 

446 soo 40.6 

70 000 6.4 
78 000 7.1 
SI 600 4.7 
24 000 2.2 

41 000 3.7 

264 600 24.1 

64 000 S.8 

324 900 29.S 

1 100 000 100.0 

42 000 10.S 
43 000 10.8 

BS 000 21.3 

127 000 31.8 
30 000 7.S 
71 000 17.8 

2 000 o.s 
18 000 4.S 
10 00\1 2.S 

258 000 64.S 

s 000 1.3 

S2 000 13.0 

400 000 100.0 

108 000 9.0 
so 000 4.2 
40 000 3.4 
70 000 S.9 
33 000 2.8 

301 000 2S.3 

IS 000 1.3 
49 000 4.1 
28 500 2.4 

I 200 0.1 

93 700 7.8 

13.5 
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Table V.9. (nm1in1ud) 

Eronomic grouping. 
industry and company 

Other producer companies 

Total. C 

Perccn tage of 
Capacity total regional capacity 

799 300 66.9 

I 194 000 100.0 

Souru: International Cocoa Organization. Quanmy &lkrin of Slalislics. vol. XVII. :So. 4 
(London. September 1992). 

!. Including capacity for Van Houten in Germany. 

Table IV.10. World griadi•g capacita and dl'tttift capacita ia 1991 aDd 1992 
(Thousand tonnes) 

Economic grouping. region Total Actual Percentage 
and rount~y capacity capacity utilization 

Producer countries 
Central and South America 602 000 392 000 6.5.1 

Brazil 331 000 224 000 67.7 
Ecuador IOI 000 48 000 47 . .5 
Colombia 60 000 40 000 66.7 
Mexico 4.5 000 4.5 000 100.0 
Other 6.5 000 3.5 000 .53.8 

Africa 303 000 186 000 61.4 
Cote d"lvoire 123 000 120 000 97.6 
Ghana 77 000 30 000 39.0 
Sigeria!I 78 000 18 000 23.1 
Cameroon 2.5 000 18 000 72.0 

Asia 289 000 211 000 73.0 
Malaysia and Singapore 183 000 1.50 000 82.0 
Philippines 26 000 23 000 88 . .5 
Indonesia!!! 70 000 33 000 47.l 
Other 10 000 .5 000 .50.0 

Total. A 1 194 000 789 000 66.1 

Consumer countries 
Europe 1 43.5 000 1 111 700 77.S 

We5tern Europe 1 100 000 99S 700 90.S 
Former l.JSSR 180 000 67 000 37.2 
Eastern Europe 1.5.5 000 49 000 31.6 

:'liorih America and Latin America 33S 000 323 000 96.4 
l.Jnitcd States 300 000 291 000 97.0 
Canada 2.5 000 2S 000 100.0 
Other 10 000 7 000 70.0 

Asia 100 000 80 000 80.C 
China 40 000 2.5 000 62.S 
Japan 4S 000 42 000 93.S 
Other IS 000 13 000 86.7 

Total, B 1 870 000 1 .514 700 81.0 

World, A and B 3 064 000 2 303 700 7.5.2 

Snurct: Lande II Mills Commoditie5 Studies Lid., Cocoa Products and Proctssing: Challtngts and 
<Jppnrtunitits in 111.t J990s (Oxford, 1992). 

•· As or 11>93, Sigcria is expected 10 have installed at least S0,000 more tonnes or cocoa
proccssing capacity. Current licensed capacity is for 213,000 1onnea, although not all or this 
capacity will necessarily he. commissioned. 

I!/ lndonnia 11 expected 10 have 70,000 tonnes or capacit) in 1993. 



T•ble IV. I I. PiDHeial stnct•rc ~ Ille world's lleadia& --pnircuia& compuica, 1990/91 
(Million dollars) 

Company Country Turnover Operating profit 

Cargill. Inc. L"niled States .. ti 
W.R. Grace. lnc./Grace Cocoa L"nited Stales 684.9 
Hershey Foods Corpor•lio'I. luc. L"nired States 2 716.0 
M a: !'d/Muas. Inc. t:nited States .. ti 
Philip Morris Companies. lnc./Krart 

General Foods International United States SI 200.0 6 300.0 
19.7 

316.4 
6.8 

l 790.0 

Bury International (Cacao Bury) France 302.9 
Cadbury Schweppes. pie United Kingdom 3 232.3 
E D .t F Man Ltd. United Kingdom 240.S 
Nestle. SA Switzerland 36 .500.0 

Sourer: Landcll Mills Commodities Studies Lid., Cocoa Products and Pracasing: Challntga and 
Opponunilia in rN 1990s (Oxford, 1992): and individual company reports, 1990 and 1991. 
il Private company. 

North America is the base for Cargill and Grace Co
coa, which are the world's largest industrial grinders or 
cocoa. Cargill has a factory in Brazil as well as the 
Netherlands, and is exploring other investment possibili
ties. Grace has operations in France. Germany, Nether
lands, Singapore and United States, and joint ventures in 
Ecuador and Cote d'Ivoire as well. Leading chocolate 
confcction.._ry companies based in the United States in
clade Hershey, M & M/Mars, Inc., and the Philip Morris 
Company. which owns Kraft General Foods and Jacobs 
Suchard. 

Mars and Philip Morris have a large global presence, 
and are moving swiftly into the newly liberalized Eastern 
Europe. Their investment and development of the East
ern European markets will have important implications 
for the choice of either grinding beans domestically or 
importing cocoa products, including chocolate, from 
cocoa-producing countries or Western Europe (the more 
likely choice). 

Western Europe is home to Cacao Barry and ED & F 
Man, industrial grinders of cocoa beans, and to a number 
of large chocolate confectionery companies, including 
Cadbury Schweppes and Nestle. 

2. Prices and conversion ratios 

Cocoa bean and cocoa product prices tend to move in 
line with one another. and excess supply in recent years 
has meant that the prices for cocoa beans, butter. powder 
and liquor have fallen. However, it is not the absolute 
prices that matter to cocoa processors. but the margins, 
since the objective is to cam the highest return on prod
ucts relative to the price of cocoa beans. In order to 
analyse price movements in the cocoa-processing indus
try, it is first necessary 10 understand the product pricing 
structure. 

There arc several ways of evaluating the price of co
coa products. The first is lo consider the ratio of the 
product price to the bean price and compare it with the 
conversion factors of cocoa beans into cocoa liquor, 
butter and powder. For instance, l,CXJO tonnes of cocoa 
beans arc consider~d lo yield on average 800 tonnes of 
liquor. A yield of 80 per cent, therefore, requires a liquor 
price 1.25 times the bean price merely to cover the cost 
of the raw material. In order to make a profit from 
processing, the liquor price mu~I average significantly 

more than 1.25 times the bean price. with the crucial 
break-even ratio for an individual factory depending on 
factors such as the scale of operation, cap:icity utiliza
tion, technical efficiency, labour and capital costs. 

In an ideal situation, the 800 tonnes of liquor can yield 
440 tonnes of butter and 360 tonnes of cocoa solids 
(cake and powder). However, for various technical and 
economic reasons, the pressing operation docs nol re
cover all the butter, and the defatted cake can contain 
butter ranging from 6 to 8 per cent up to 22 lo 24 per 
cent. Liquor-pressing can be undertaken using several 
tcchn\llogics that may yield different quantities of butter 
and press cake, and one major function of management 
of the processor firm is to decide how much butter to 
recover and how much to leave in the cake. The bulk of 
world press cake production is either I 0 lo 12 per ccnl or 
22 to 24 per cenl fat. If it is a"isumed that the ratio 
of low-fat to high-fa! cake produced is 2 lo I, then 
800 tonnes of liquor would produce approximately 
377 tonnes of butter and 423 tonnes of cocoa powder. II 
follows that the conversion factors for pricing bultcr and 
liquor in bean-equivalent terms arc 1.33 and 1.18, rc
spcclivcly. In other words, covering only the costs of 
the raw material (bean) input requires a butter price at 
least I .33 times the bean price and a powder price 1.18 
times the bean price. If the buncr ratio exceeds 1.33, as 
is usual. the powder ratio can fall below I .18, which is 
also the norm. In order to make a profit, cocoa huller 
ratios are typically well above 2.00, panly to cover the 
implied processing loss on powder ratios of under 1.00. 
Figure IV. I illustrates the trend in cocoa bultcr and 
cocoa powder ratios in Europe and Nonh America since 
1970. 

The bean and product price infom1ation can be used lo 
derive the processing margins for the manufacture of the 
various products. In order lo do this, the product price 
and the bean price have been compared in table IV .12, 
where both are expressed per tonne of beans, and where 
all prices are given in real terms (based on constant 
purchasing power of the dollar in 1991). The difference 
between the return from the product (or coproducls, 
where buuer and powder revenues arc combined) and the 
outlay on purchasing beans is equal lo the processing 
margin. For instance, in 1991 the average world huller 
price (in 1991 purchasing power) was S3,'.'i03 per tonne, 
while the world bean price was S 1,20 I per tonne. From 
I tonne of beans, 337 kilograms of huller are obtained. 

137 



T:abk IV.12. Coco;a baller Hd powder r:lllU Hd pnxaUa& •:ar&im (or &rimdia& opcr:aliou, 1910-199t!i 

Vi 1.•rlJ be.an WorlJ b011tcr WurlJ pu•Jcr L•<i""' U11ucr Po•Jcr 801t1cr .. aJ l1quur 
pt ace pru:c rr1CC' price -~~, .. ... ,,,,. p..>•dcr mar&•D mar1u1 

Ou.Her PuwJcr lrqu.,.. 
'fur (d\)11.an per rounc) ,.,., UlllO r•ho (Jolt.n ~r 1onne ol cue.,. bun.) 

l'l'l'll .! 17') I> US:? I t>S'I 4 2S3 2 10 O.Sll I 411 ·S91 ·:? 171 UM S23 
1'171 .! t•J..& "' 73-1 I 73-1 } l7b ?.lb 0.79 I SJ ·409 ·I 4b0 l:?S S07 
1'172 !HI b O!O I S'll ! lllb ? }7 0 bl 1.)1 ·271 ·111>7 403 -27.? 
1'17} 37U 9 173 l ... ,~ ·-- !1140 ? .as 0.4b I !I ·!lb ·3 01.S 443 ·I H! 
1974 4 303 10 ll! ! os.s 4 ?68 2 .&II 0-18 I ?I ·40ll ·3-13-1 461 ·189 
197S :? '11>0 1 11;3 :? 17'1 lb-U ? 4.? 0 74 I II ·!bO -? Cl'I 66! -.as 
1971> " 

1
J

1
ltt IU S94 .. Oll'I s bll'I ?.1? 0 II? I 71 ·I OOS -1 :rm 7.?5 ·4-11 

1•111 II !S.& 10 SM 11 1183 7 67S l.?11 I 42 I.lb ·4 !71 ·3 JI! -b71 -:? IH 
l'l7tl ":?16 ., ?b? 9 076 I b?? I 4'l 1.46 IS:? -? 7?-1 ·:? 377 I llS bl! 
1117'1 s :?:?7 'l'lllb SSH 1 o•is I'll 1.06 I lll -I 462 -:? 1171 •111 U9 
1'11111 ) 7'14 I 11S:? :? SIO 4 ISO ?.?I 0 f>6 130 ·Sl3 -2 733 S29 16 
1'181 .? ,,,., 7 'lllO I Sl>-1 "?'lb 2 67 0 so l.b? 20 -2 JS? 6S6 441 
19112 :? Sl6 6 6911 I 4110 J llOS 2 64 O.SI 163 -II -I 910 61S SOI 
l'lll3 ] .?.!'I b 7711 :? 44! l '17:? 2 10 0 76 l.60 -b73 ·2 1'16 )bO -SI 
I'll-I J 734 B :?117 ! 8114 SIMO ? ?? 0 11 I S9 -610 -2 SI.& 610 !98 
l'JllS J 11!4 B 716 ? ?•)() 4 SbS 2 211 060 1.48 -.538 -2 ass 431 -171 
19116 2 716 6 ?-IS I 'IOU 3 S!'I ! 30 070 1.37 -lb! -1 912 -142 IOI 
1'187 :? 3-16 s 419 I :.44 3 6.SS 2 31 0.70 1.61 -303 -1 6SI 392 S71 
l'lBll I 739 .. 419 I S!6 28"0 2 s.a 0 88 1.60 -73 -1 094 S72 .531 
l'l811 I l'll JM37 I 234 21:?3 2 76 0.19 1.71 S6 -169 S77 711 
1•r111 I 337 J 7114 I 145 2 707 2.83 0116 2.49 90 -153 S74 l!I 
!'I'll 1101 3 S03 •i.n 2 40-1 ? 9? 0.79 2.26 120 -102 S!9 723 

Suurcn (;111 .. nJ Durfus. ("ocoo Monn /Upon (I.on.Son. Januuy 1'1'12). ln1ern;uional COCCMI Organiz .. 1i0a. Quamn) Bullnut ofSllllUllCs. wanous issues 
(I.on.Son. 1•1110- l'l'll). S1a11S11ul omcc o( the Europun Commun111es. F.uraJUU. various mues (l.uscmbourg. 19IO-J991); l:nned Sraics Dcpurmcnt 
ol Commerce. l,;nurd Starn lmpons fOt'C~ /Upon J.16. various issues (Wasb1ng1on. D.C.. 1910-1991 ): t..:1u1ed Stares Dcpar1111ca1 ol Commerce. 
L'nurd Still<" t-..poru of Dumnlic and Fa<np .\tm:hanJ~ by AU MnN>th of Tr~. varoous issues (Wubington, O.C.. 1910-1991). 
!' ,\II values nprcsscJ on l'J91 purchu1ng po•cr anJ pnccs deflated by the manufacturing unll value ol tbe Group ol five ma1or 1ndustriahzcd 

countroc> (!'ranee. Germany. Japan. l:n11ed Kong.1om and the l:n11cd St.,lcs). (l'J91; 100). 

This amount of butter is worth SI ,321. Subtracting 
Sl.201. the cost of I tonne of beans. from SJ,321 yields 
a processing margin for butler alone of SI 20 per tonne of 
beans. 

The price of powder in I 991 was $943. Since 423 
kilograms of powder arc produced from I tonne of 
beans, the revenue from the powder will be equivalent to 

Rgure IV.1. Cocoa butter and powder price ratios, 
197CH991" 

Pru-
3 

2.5 
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'-~ 

0.5 

K-r: 
- Bunetrlllio 
_ POWde< ralio 

Source: landell Mills Commodrt1es Studies lid .• Cocoa Product• and 
Procnsing: Cha#enges and Opportuml1t1s m '"" 1990s (Oxford. 1992). 

"Pra1 dellaled by lhe manufacrunng unil value of rne Group ol F111e 
maror •ndualnal1zed counlne• (France. Germany, Japan. IJmled Kingdom 
and Ulllled Slaln). 
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$399. When set against the cost of the beans, this implies 
a Joss on powder revenues alone of $802 per tonne of 
beans. Exactly similar calculations for liquor yield a 
profit of $723 per tonne of beans, under the assumption 
that 800 kilograms of liquor (sold at an average price of 
$2,404 per tonne) arc produced per tonne of beans. The 
conventional grinding operation produces both 377 kilo
grams of butter and 423 kilograms of powder per tonne 
of beans. Therefore, both product revenues are combined 
before deducting the cost of beans to derive a processing 
margin. The revenues from butter ($ 1,321 per tonne of 
beans) and from powder ($399) amounted to $1,720 in 
1991. Once the cost of the beans ($I ,201) is subtracted, 
the final margin is $519 per tonne of beans. 

Given the nature of the conversion ratios, the price 
ratios of cocoa butter and cake and cocoa powder and the 
processing margins of European and North American 
factories over the past two decades will be examined. 
The major international cocoa prices are the London 
Tenninal Price for cocoa beans and the Gill and Duffus 
price series for cocoa butter and cocoa powder. Cocoa 
butter prices are an estimated series for nearby delivery 
of cocoa butter supplied by the top four processors of the 
Nclherlands; lhe powder prices are for a fat content of IO 
to 12 per cenl, with an alka!i1.ed quali1y. Liquor prices 
arc nol puhlish'!d as regularly as they are for huller and 
powder. Therefore, an average of the Uni1cd States unit 
import values for liquor from 1he Netherlands and Cole 
d'Ivoire har. been calculaled. All price~ are in real tenns 
for I 991 purchasing power ao; defined above. 

(a) Prire ratios of coma butter to cocoa cake and 
powder 

Table IV .12 provides further informa1ion on the cocoa 
price logelher with the butter and powder price ratios 



fmm IQ70 lo l'NI. Both real bean pri.:es and real butter 
prices mm·e together. although huller prices al\\'ays re
main alllm~ the bean price. The gap bel\\'ttn the two i.; 
wider in some years than in others. Since 1985 both real 
and nominal prices ha\·e been downward. In figure IV.:! 
which compares the bean price with the huller prii:e ra
tio. il is dear that the huller r.itio mm·es inw~ly lo the 
bean price. The simple explanation for lhis is that. as lhe 
bean price falls. the .:ost of beans falls when expressed a.s 
a pmporlion of lhe total pril-e of c1-=oa huller. pushing 
the ratio of the butter pri1.·e lt) bean price higher. The 
opposite is true when the price of cocoa beans rises. 
Supply and demand also influence this ratio through the 
price offered for cocoa huller. If the bean price remains 
static. but demand and hence cocoa huller prices rise. the 
ratio beha\·es similarly. Thus. in l'NO and l'NI. despite 
the low bean price. there wa.'i tigiltness of supply for 
c1-=oa butter. which pushed the ratio to high lewis. at 
some points e:tceeding 4.0. Howe\'er. the ratio generally 
a\·er.iges between ::!.O to ::!.5. 

Figure IV .2. Bean price and butter price ratio, 
1970-1991" 
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Source: Landell Mills Comm0d1!1es Slud1es Lid . Cocoa Products and 
Processing Cnallenges and Oppottumt1es in the 1990s (Oxford. 1992) 

"Prices deflaled by !he manufacturing um! value of !he Group of Five 
ma1or 1ndusrriahzed counrnes (France. Germany, Japan. Umled Kingdom 
and United srares) 

Table IV .12 conlinns that butter-processing margins 
(ignoring all contributions from powder sales) have 
moved widely from year to year. he1ween a low of 
-$4.271 in 1977 to a high of $120 in I 91) I. Annual 
processing margins do not seem to show much corrc·la
tion with world cocoa bean prices in recent years. Figure 
IV.J. which compares the actual annual margins with a 
five-year moving average of the mar~in, shows that lhe 
margin collapsed during the late I 970,. hut in more re
cent years ii has started lo move upward~. Worldwide 
expansion in processing capadty from the late 1980s 
could he read as a sign that processing margins arc suf
ficiently attractive In warrant new invcstmrnt. 

Cocoa cake and powder tend In sell al a discount lo 
cocoa beans. If cocoa were~ pr•iccsscd merely for powder, 
clearly it would he a most unel·onomic proposition. 

Figure IV.3. Cocoa butter processing margins: 
actual and five-year moving average, 1974-1991• 

1974 1976 •978 1980 1982 198-1 1986 1988 1990 
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Soutt:e Landell Mills Commod1!1es Slud1es ltd . Cocoa Products and 
ProceSSJng Challenges and ()ppotfullltres rn the 1990s (Oxford. 1992) 

"'Prices deflaled by !he manufactunng urnl value of !he Group of Five 
ma,or 1nduslnahzed counrnes (France. Gennany. Japan. Urn!ed Kingdom 
and Unrted States). 

However. powder is mainly to he viewed as a secondary 
product whose price i" prim;1rily detem1ined hy the bal
ance of supply and dem;md for powder rather than hy the 
c1-=oa bean price. In comparing the bean price with lhe 
powder ratio. it is e\'ident that they often mow together. 
which is the· opposite of the tendency for c1icoa butter. 
However. cocoa powder and hu!h!I prc-=essing margins 
do tend to move somewhal in parallel. C1icoa powJer 
proces'iing margins ha\'e been consistently negati\'e; but 
these negali\'e values have been al their smallest magni
tude in recent year ... 

The ratios of c1icoa powder and huller generally mm·e 
in opposite directions. The reason is thal when pnKes
sors increase their huller production in ti;neo; of low bean 
price<;. they obtain more cocoa powder. which doco; not 
have as lucrali\'e or large a market. Therefore. the pril·e 
of powder is oftrn pushed down in the face of such glu1s. 
and hence lhe ratio is s4uee1ed as well. Only on two 
occasions. in 1977 and I 97M. did the powder r:ttio exceed 
the 1.18 conversion factor threshold. Generally. how
ever. meagre revenues from powder are counterbalanced 
hy heller ratios and relurns to c1icoa huller. 

The exceptional behaviour of powder prices in I 1J77 
and 1978 appears. with hindsight. lo have been a re
sponse lo high bean and huller prices. Faced 1.11ith limited 
supplies of c1icoa huller at an elevated price. some end· 
users turned In alternative fats. In order lo retain the 
distinctive flavour of lhcir "'chncolalc-llavourcd'" fond· 
stuffs. they hao;cd lheir new formulation" on mixlure' of 
powder and vegetahle fal, Ihm; hoosling the demand for 
powder. 

I h) Coma liquor 

The cvolulion ;if cnl·oa liquor prices and pron·,,ing 
margin-; over the past 20 ycaro; i" al'io reflccled in tahlc 
IV.12. Liquor prii;;es have remained rnnsislcntly ahovc 
hcan prin·s over lhal lime. As is the case with nicoa 
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butter. cocoa li4uor ratios tend to move inversely to the 
cncn.i bean price. The reason behind the similarity is the 
same a.o; for butter: lower bean prices mean that the cost 
of beans as a proportion of the total price falls. and vil·e 
wrsa. This r.uio has averaged 1.49 during the past 20 
years. well abtl\·e the 1.25 technical conversion factor. 

It should be recognized that the above global compari
sons do not differentiate between the ratios and margins 
recei,-ed by producers at origin. For example. a compari
son of the returns tn producers of cocoa butter and of 
li4uor at origin and to con-;uming-country processors 
reveals that a differentiated market exists; the product at 
origin tends to be of lower 4uali1y and price than the 
pmducls made in consumer countries. Hence some pro
cessors. particularly in Western Europe. are likely 10 be 
reali1.ing greater returns than would be indicated by the 
a\·er.ige in the price series. while other processors could 
be earnir.g substantially less. The mm·e lo expand West
ern Europeaa pmcessing capacity at a time of ..:ontraction 
in the industry in Brv.il and Ecuador could be conflrn1a-
1ion of the phenomenon. 

II appears that in more recent years cocoa-processing 
margins. expressed in terms of moving averages. have 
settled down dose lo their long-term trend values. There 
are several possible explan:itions for this. One may be 
the expansion in processing capacity, particularly in 
countries of origin. which is augmenting the supply of 
cocoa products more or less in step with the growth in 
demand. However. processing capacity in countries of 
origin is often underutilized. Furthermore. as greater 
numbers of factories are going into operation in Asia. 
factories ·n other regions of origin. particularly Latin 
America. and. to a lesser degree, Africa, ha•.-e witnessed 
a conlraction in output. Meanwhile. European and 
American processors have continued to add to their ca
pacity. The overall balance between origin and con
sumer-country processing has therefore not shifted mark
edly, and is not expected to alter in any significant way 
over the next 10 years. Nevertheless, some Asian and 
African countries, notably Malaysia and Nigeria, are in
stalling additional cap.icily, which could rival the recent 
expansion witnessed in Europe. 

3. Manufacturing capacity of developing countries 

As reflected in table IV.9, the world's largest indus
trial cocoa processors have a significant presence in 
cocoa-producing countries. In addition to having grind
ing facilities in Europe. both E D & F Man and Cacao 
Barry have factories in origin countries. Man owns 
foanes in Brazil, while Cacao Barry has operations in 
Cameroon and Cf>te d'Ivoire. Grace Cocoa is in a joint 
venture in Ecuador and Cote d'Ivoire. Nesti~. Hershey 
and Cadbury's are also grinding cocoa in producer coun
tries. Altogether, these transnational industrial grinders 
and chocolate confectionery companies are estimated to 
account for 33 per cent of the cocoa ground at origin. 

In Africa, the transnational corporations are involved 
in all the cocoa processing in Cameroon and C1}te 
d'Ivoire. In (ihana, the Govemment owns and operate" 
three cocoa-processing companies which for many years 
have operated al well below capacity. The processing 
sector in Nigeria is dominated by locally owned compa· 
nies, although Cadbury's does grind some cocoa cake ior 
drinking chocolate. None of 1he factories are particularly 
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large, most or them ranging between i1 c;ipacity of 5.CXX) 
and I 0.000 tonnes. 

The co,:oa sector in Bra1.il is made up of a mi.\ of 
smaller family-run companies and a kw larger 
transnational corpor.itions. As already n1entioned. with 
the withdrawal of government subsidies. the smaller 
companies are now facing economic hardship and oper
ating far below capacity. Coco;i pmducts manufactured 
in Br.izil are in large part sold in the domestic and re
gional market. although the United St;ites is also a sig
nificant export destination. Ecuador i<1 the other large 
cocoa-pmcessing country in Latin America, and its busi
nesses tend to be smaller independent companies. Fac
tory capacities range between 4JX>O and 15.000 tonnes. 
with the exception of Incacao, the company in which 
Grace Cocoa has a stake. Nestle also owns a small 
cocoa-processing company whose pmducts are destined 
primarily for the local and regional market. 

South-East Asia is the newest frontier for the expan
sion of cocoa processing. A number of small- and me
dium-sized factories have been installed, ranging from 
3,000 to 15.(XX) tonnes capacity. Many of them followed 
the cocoa butter price boom of the late 1980s, and some 
of them have transnational involvement. The largest is 
Grace Cocoa/De Za3n Far East. with the largest regional 
capacity or 40,000 tonnes. Nestle and Cadbury also have 
plants in the region. The remainder are small indepen
dent companies. 

4. Capacity utilizotion and expansion plans 

Altogether, Western European grinding capacity for 
1991/92 is estimated at I.I million tonnes. Table IV. IO 
further shows capacity utili1.ation to be about 90 per cent, 
or nearly 996,CX>O tonnes. A number of industrial proces
sors and chocolate confectionery manufacturers added lo 
their capacity in 1990 and l'J91 in response to high co
coa huller ratios and the associated rapid rise in demand 
in the eastern part or Germany. following reunification. 
Subsequent to the expansion of capacity, the recession in 
m .... 1 of Europe and rising unemployment, particularly in 
the eastern part of Germany. eroded the growth in de
mand, and capacity has been less than fully utili7.ed. 

As evident from table IV. IO, cocoa grinding in most 
cocoa-producing countries is characteri1.ed by a signifi
cant underutili7.ation of capacity. Ghana and Nigeria 
have the highest degree of capacity underutilization. 
Cf>te d'Ivoire and Mexico ar-: the only countries operat
ing at nearly full capacity. As already pointed out, the 
biggest reason for the lo-N level of capacity utilization is 
the withdrawal of government incentives in many of the 
countries concerned, particularly in Africa and Latin 
America. In South-East Asia, many of the factories were 
built at the heginning of the 1'}90s in anticipation of 
higher profits and greater demand than what actually 
materiali1.ed. Furthermore, the large grinder<; in North 
America and Western Europe were expanding their fac
tories at the same time, and supplied much of the addi
tional market demand growing out of the boom in East
ern Europe. 

Despite a world excess capacity of about 25 per cent 
for cocoa grinding, Nigeria has witnessed a renewed 
period of investment in cocoa-processing companies; 
15 new processing operations having been licensed since 
1990. Construction of new plants in Indonesia and 



Malaysia has only recently been suspended. One rea.,.on 
is that investors have been persuaded by the argument 
that cocoa should be processed in the country of origin 
in order that prodm.--cr countries gain the value added. 
However. ~ .. ountries of origin lend to be far from the 
large ~-onsumer markel'I. and domestic demand is insig
nificant. ellcepl in Br.u.il and a few other Latin American 
countries. Cocoa producl-. from c<,,mlries of origin arc 
gener.illy regarded a<> of a lower quality than those pro
duced in Western Eumpe and North America. They arc 
therefore forced to sell at a discoupt in order lo be com
petitive. However. becau:;c of production costs. few 
companies can produce profitably. 

5. R~structuring and rrd~ploym~nl 

(a) Structure of production costs 

In a recent study. processing costs have been esti
mated for conventional cocoa-processing factories in 
three bean-pmducing and three importing regions: Latin 
America. South-Ea.-.t Asia and West Africa in the first 
gmup; and East Asia. North America and Western 
Eumpe in the second [ 11. The relationship between 
physical inputs and outputs have been estimated for six 
factory si1.es of 12.000. 15.000, 24.000. 30.000, 40.000. 
and 70.000 tonnes of beans per annum. The costs of 
processing are defined solely in terms of the costs of 
factories, and do not include any costs associated with 
the acquisition of beans, or re·;enues derived from the 
sale of products. Similarly. government ac;sistance is not 
included. Inputs are divided into eight main categories: 
unskilled labour. skilled labour. managerial staff, energy 
and fuel. capital equipment, packaging. transport costs 
and sundries. The productivity of physical inputs varies 
from region to region. as do input prices. Both forms of 
variation are incorporated into the cost estimates. 

Economies of scale have proven to he extremely im
portant for both capital and labour inputs. As shown in 
table IV.13. overall average processing costs are almost 
hah·ed in every region as the scale of capacity is in
creased from 12.CXX> lo 70.()()() tonnes per annum. Vari-

ations in capacity utilization ha,·e an equally dr.imatic 
impact upon processing costs: a drop from 100 to 50 per 
cent utilization raises average pmcessing costs by ap
proximately two thirds. South-East Asia is consistently 
the lowest-cost area for small factories. Latin America is 
the second lowest cost processor. but is overtaken by 
Western Eumpean pmces.sors in larger-capacity plants. 
North America also surpa.'ises Latin America with lower 
costs at very high capacities. Asia is unifomtly the high
est-cost pmces.<>or of the three consuming ~gions. but 
ha.'i never been a'i costly a." West African proces.'lors. In 
practice. Eumpean and North American grinders are 
oper.iting with substantial capacity. while many factories 
al origin arc al the smaller end of the spectrum. ranging 
frnm 3.<X)() lo 15.000 tonnes. Furthermore. European and 
North American factories generally work close to full 
capacity. while their counterparts al origin often work far 
below full capacity. This compounds the uncompeli
tiveness of factories al origin. 

Once other factors are added lo the costs of produc
tion. cocoa processors at origin. particularly in West 
Africa. are shown to be at an even greater disadvantage. 
If a."sumptions about the recovery rates of cocoa butler 
and cake al the factories are relaxed. then the resulls 
point lo even less profitable factories at origin. 

An intervening factor is the quality of the beans used 
in pnJCessing. All producers at origin face the trade-off 
between. on the one hand. exporting beans and receiving 
the premiums or discounts prevailing on the world mar
ket, and. on the other, processing the beans into products. 
The trade-off is least favourable for those producers. 
notably in West Africa. whose beans command the high
est prices on world markets. even though processors also 
use a disproportionate share of substandard beans. It is 
most favourable for South-East Asia. since its beans at
tract the largest discounts from importers. The counter
part of high bean prices tends to be high product prices. 
West African beans attract premium prices and African 
butler and powder are usually quoted at a premium com
pared with products from other countries. However. they 
sell at a discount compared with products generated in 
consumer countries becauM: of differences in product 
quality and service. Furthermore. the crucial detenninant 

Table IV.13. Regional procasingcostsua percentage olworld avenge, 1992 

Economic grouping 12 IS 

Importers 
Western Europe 95.0 94.2 
:-.;orth America 100.8 99.7 
East Asia 107.7 107.9 

Average 101.2 100.6 

Exporters 
We.r Africa 118.7 117.8 
l.a1in America 91.9 93.4 
Sou1h·Eas1 Asia 85.9 86.9 

Average 98.8 99.4 

Capacity 
(thousand tonnes) 

24 30 

93.8 94.3 
98.7 99.4 

109.3 110.2 

100.6 101.3 

117.7 116.7 
93.S 93.4 
87.1 86.0 

99.4 98.7 

40 70 

92.8 91.1 
97.0 94.4 

111.1 112.3 

100.3 99.3 

116.6 116.2 
9S. I 97.3 
87.3 88.6 

99.7 100.7 

.'inura: l.andcll Mills Commodities Studies I.id., Cn((la Prnducts and />mas.ring: 
Challtng~s a11d Opporrunirit.r in tilt 1990s (Oxford. 19?2). 
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of the viability of pnx:essing al origin is whclher !he net 
effect of the various pr:miums and discounls is favour
able or not. once recovery r.ilios are taken into accounl; 
usually it is not favourable. 

(b) Adju.{tments to twercupacity 

There is a qualily difference be1ween cocoa pmducls 
manufactured in factories in ctx:oa-consuming counlries. 
particularly North America and W~stern Eur~lpe. a~d 
those manufactured in cocoa-pmducmg counlnes. This 
explains the discounts received by pruducl'i fn!m origin. 
It also explains why. despite an excess capac11y world
wide of 25 per cent. large transnational corporations in
vested in expanding their capacity in Europe in the early 
1990s. There wa.o; a shortage of the highest-quality pnxl
uct'i and service provided by those companies. Mean
while. many factories at origin have been struggling for 
several years because of the discontinuance of govern
ment subsidies (Brazil. F..cuador) or poor demand for 
their pnxlu~"ls (Ghana, Nigeria). Brazil and Ecuado~ re
sponded by cutting back pnxluction. Ghana rcc~~ved 
World Bank assistance to restructure and rehab1htatc 
il'i cocoa-processing plant wi1h a view to privatiT.ation. 
Overstaffing ha.o; been significanlly reduced in order to 
lower production costs. However, fai;tories continue to 
operate well below capacity. and it_ is doublful whether 
all of them will operate profitably m the future. 

That some countries of origin are forging ahead with 
investment in cocoa processing has linle to do with the 
prospect of financial success. Nig~rian indusl~ in par
ticular will have a difficult time bemg compel1t1ve, con
sidering the relatively small size of the factories being 
installed and the discount they will face for their prod
ucts. Although labour costs are low. labour productivity 
is lower than that in competing regions. Both energy and 
capital costs are also higher than elsewhere. NC"verthc
less, the willingness of the Government to lend money 
for these investments has encouraged a number of local 
entrepreneurs to go ahead. . 

Many of the faclories being erected in Sou~h-East As1_a 
are also rela1ively small. However, the pnce of their 
cocoa beans is lower than the prices faced by their coun
terparts in West Africa. Furthermore. the cocoa ~uller 
produced from their beans is relative!~ ~ar~. a des1~able 
allribute ,,, end-users. Labour produc11v1ty 1s also higher 
in this reg11m, and energy costs differ liule from !hose in 
Western Europe. South-East Asian factories. therefore. 
may he successful if they operale efficiently arrJ eff~c
tively at full capacity and manufacture a product of high 
standard. 

6. Short- and medium-term outlook 

The rapid growth in the consumption of cocoa prod
ucts during the I 9ROs was due largely In low cocoa 
prices and the development of new products and new 
markets. This level of growth is unlikely to he sustained 
through the 1990s as markets in North America and 
Western Europe reach saturation. and growth rates 
evolve more in line with popuiation increases. The hig
gest boost to growth is likely to come from the Asia and 
Pacific regions, although it will he from a sm~ll hase .. 

The increase in consumption in Weslern b1rope 1s 
likely to henelit European processors rather ~han proce~
sors in cocoa-producing countries. The main reason 1s 

142 

the difference in product quality. anJ the degree uf ser
vice that Eumpean proces.o;ors can offer end-users be
cause of their proximity to the clients. 

With 1he continued rationali1ation and concentration in 
Eumpean c1Koa precessing. efficiency gains may lighten 
lhe margins for ha.o;ic c1K1ia products. Smaller pnKessors 
are likely to continue moving away fmm grindi_ng coc1~a 
beans. and are more likely to move into producing sem1-
linished and finished pnxlucls such a.'\ cowrture and 
chocolate chips. where the value added is higher. Germany 
and the Netherlands should assume gmwing import~1111:e in 
the supply of l.U."tlil pmducl'i, since the largest grinding 
operations are located in those countri~s. Cunsequent_ly. 
intra-European trade in c1x:oa pnxlucts 1s expected to nse 
as Germany and the Netherlands ship lo countries where 
smaller processors are converting to the manufacture of 
semi-finished and fini!ihed pnxlucls. 

In 1he short lo medium term. grow1h in demand in 
r:astern Europe is likely to he met by imports of ClKOa 
products and finished ch1x:olate. p~marily from ~estem 
Europe. This is because transnational prncessmg and 
chocolate confectionery companies. which now control 
an important share of regional purchases of c1Koa pn~
ucls, will probably import pnxlucls from Western l:u
rope. It is quite likely that only a minority of the current 
capacity will survive the 199<ls. 

After the rapid growth of the 1981ls, the demand for 
chocolate in the Uniled Stales should reach saturalion. 
Nevertheless. it will remain the largest single consumer 
market in the world. Because of the neglect of qualily, 
the country relies very heavily on imports of products. 
and the potential deficit in pnxluction capacily is ex
pected to widen by the end of lhe decade. Smaller .r.ro
cessors have come under the pressure of compet1t11m 
from larger factories and in some cases from cheaper 
imports. Consequently. there will he a moderate g~ow!h 
of cocoa product imports until grinding profit margins in 
the United States improve. While this could henelil pro
cessors al origin. the strongest threat lo them in lhe 
United States market is the high-quality standards of 
imports. Another potenlial threat is that processors i~ the 
Uniled States will adopt the European pracl11:e of .. JUSl
in-timc" deliveries of huller and liquor in heated tankers, 
thus providing heller-quality service. . 

Japanese cocoa demand will grow more rapidly than 
in olher developed countries lhrnugh lhe 1990s. although 
it will he from a lower hase. However. like other product 
markets. the Japanese restricl imports of cocoa products. 
which will he a constraint to exporters al origin l<K>king 
for new markets. 

Apart from Bruit. there are no si1.eahle markcls for 
cocoa products in producing countries. This siluation is 
unlikely to change in any signilicanl way lhrnugh the 
1990s. Hence pnx:essors al origin will continue to he 
reliant on export marketo;. However. much of the capac
ity for producing C<Kna producls al origin will he surplus 
to the requirements of estahlished marke_ts: . 

West Africa is the least well-placed ongm m h~rms of 
pnKessing, because consumption is insigni.fil:an1 and 
hecause heans from lhe region allract prenuum pru:es 
from importers. while producls lend lo fetch premiums 
that fall short of those thal can he earned from hean 
sales. fn this respecl. C'<ite d'Ivoire and Nigeria arc most 
advantageously placed, since their hc.111' sell at a lower 
price than beans from Cameroon arul (ihana. Further· 
more, faclories in Clite d'Ivoire are rt>lalively large hy 



regional standards. lhus lowering their unit cosL" of pro
duction_ Their factories also benefit from links with 
overseas companies. Nigerian pmcessors could see an 
export levy or a ban introduced on the export of cocoa 
beans. which could enhance the returns from grinding. 

Latin American processors will continue to suffer 
from the withdr.iwal of gm·emmenl im:enli,·es. Although 
beans from the region sdl at a discount. huller also has 
to accept large discoun:s because it is soft. and hence 
slightly inferior for chocolate produclit•n. The net effect 
is to leave sever.ii processors facing losses. Factories 
with links to international processing companies will be 
better placed than some of those owned by financially 
str.ippeJ local companies. 

The best-placed origin for processing is South-East 
Asia. Beans from the region allr.ict substantial discounts, 
but huller produced locally is well received by importers 
on account of its hardness. Low processing costs are 
therefore underpinned by an attractive relationship be
tween bean and product prices. However. their competi
tiveness will also be detennined by the efficient utili1.a
tion of capacity and the installation of factories which 
offer them economies of scale. 

B. Seafood proce.Wng (ISIC 3114)* 

I. Reunt trends and currenl situation 

(a) Production 

Fish and shellfish producls include all animals or 
plants caught or bred in marine areas or inland waters. 
During the twentieth century. seafood production has 
experienced spectacular growth. from roughly 5 million 
tonnes in 1900 and 20 million tonnes in 1940. world 
calches recently increased to 97.2 million tonnes in 1990. 
Globally. catches had annual increases in growth rates of 
6 per cent in the 1960s. I per cent in lhe 1970s and 
recently 2.8 per cent in the 1980s. The increases are the 
resuhs of higher efficiency of fio;heries. modemi1.ation of 
transport and improved preservation. Since the 1950s. 
growth has not been consistent across re~ions. Declines 
have occurred in Europe and North America. while stag
nalion can he found in Africa. In contras!. sharp in
creases have appeared in Easl and South-Ea.'il Asia, as 
well as in Lalin America. In 1990. developing counlries 
accounted for 57.8 per cenl of world production. and this 
share appears lo be increasing. Table IV.14 shows 
changes in world seafood produclion helween 1985 and 
1990. 

Globally. 1he producing regions can he disringuished 
ac;;nrding 10 three groups of countries. The firsl group 
includes China. Japan ;md the former USSR, which pro· 
duce more lhan I 0 mi II ion lonne~; per year. From 1985 to 
1990 this group gr.nerated one lhird of the world calch. 
While pnKluclion declined in Japan and lhe former 
USSR. ii increased in China. Indeed, in lhe 11 years 
belween 1980 and 1990, Chinese landing-; tripled. The 
second group accounls for approximately 45 per cenl of 
the world calch. and includes cmmlries lhal produce 

•(INIJ>O Jdnnwlc#r• !ht rontrihulmn of Philippe Ci111ffrc. inrcr· 
na11onal con,ullanl for ..-af•KKI pr<Kluc!•, l'ari•. France. 

from I to 10 million tonnes. This group includes Den
mark. keland. Norway and Spain. a.'i well a..'i Canada. the 
United Stales and a number of developing counlries 
(Chile. India. Indonesia. Peru. Philippines. Thailand 
elc.). The third group is responsible for one fiflh of lhe 
world's production. and fealurcs smaller producers lhal 
catch les.'i than I million tonnes per year such as Br.u.il. 
France. Morocco and Vici Nam. 

Inland fisheries supplied 14.4 million lonncs (com
pared with 6 million lonncs in 1970) of seafood producls 
in 1990. moslly freshwater fish used for human con
sumplion. In 1990. 70 per cent of the inland catch origi
nated in Asia (Bangladesh. China.. India. Indonesia. Phil
ippines ere.). Africa had a 13.2 per cent share of lhc 
catch. and inland fist<=ries were well developed in Chad. 
Egypl. Uganda and Uniled Republic of Tan1.ania. Else
where, production remained weak; some exceptions were 
the fonncr USSR (6.7 per cent share). United Stales (LR 
per cent share). Br:v.il ( L5 per cent share) and Mexico 
( L3 per cent share). 

Landings by marine fisheries recorded a calch of 82.8 
million lonnes in 1990. compared wilh only 64.5 million 
tonnes in 1980. The main fishing area..'i are located in the 
Pacific (north-west Pacific. south-cast Pacific). which 
represents above 60 per cent of the total calch. The At
lanlic area is second. with 30 per cent of the tolaL Glo
bally. fish represent the major part of marine landings; in 
1990 lhey accounted for 85.4 per cent of the calch. 
compared wilh 9.2 per cenl for molluscs and 5 per cent 
for crustaceans. The major species of fish, which include 
Alaskan pollack, Japanese pilchard. Chilean jack, mack
erel. anchovcta and European pilchard. represent ap
proximately 30 per cent of lhc world calch. This concen
lration, however, should not overshadow the extreme 
diversity of fish and shellfish producls; they currenlly 
include 50.000 seaweed species and approxima1cly 
250,000 other species. such as pilchard'i, herring. ancho
vies. luna, mackerel. salmon. shrimp. lobsters, oyslers. 
octopus. sponges. whales and jellyfish. etc. [2[. 

Overall producrion dala also include aquacullure. In 
value. world aquacultural supply has doubled since 1985, 
to reach $26.5 billion in I 990. The decomposition of this 
lolal by volume includes carp (32.5 per cenl), seaweed 
(20.8 per cenl). mussels (7. I per cent). oysters (5.7 per 
cenl). salmon (3.9 per cenl) and shrimps (3_9 per cenl 
share). Aquaculture is concentralcd mos1ly in Asia (78.3 
per ccnl); also importanl are Europe ( 12 per cent) and 
North America (3.2 per cenl). Finally. more lhan 140 
counlries practised aquacullure in 1990, compared wilh 
only 67 in 1975. Bui this success masks lhe high concen
tralion of production, as the first six counlrics, namely 
China. Japan. India, Indonesia, Philippines and Norway 
provide. in value. two lhirds of the world aquacultural 
supply (see figures IV.4 and IV.5). 

The world seafood processing industry has increa!>ed 
by 26.8 per cent in 10 years, reaching 36 million tonnes 
in 1990. As shown in figure IV.6, major processed foods 
include moslly fresh, chilled and fro1.en fish (42 per 
cenl). fish·meal ( 17 .5 per cent) and canned products 
( 16.5 per cenl). The more valuable products include fresh 
chilled and fnu.en fish. cruslaceans and molluscs in all 
forms. The fresh chilled and fnu.en fish industry has 
been dominaled hy Japan and lhe successor S1a1es of 1he 
former USSR. as well as North America and Weslern 
Europe. Other important producing countries are !isled in 
tahle IV.15. C'rnstaceans (shrimps. crabs) and molluscs 
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T•bk IV.14. Growt• of world -Cood pmd11etioll, 1985 •llCI 1990 

P1oduc1ion 
Rank Percen rage share Percentage 
in Economic grouping. 198S 1990 change 

1990 region and country (thousand tonnes) 198S 1990 1985-1990 

China 6 778.8 12 09S.4 7.8 12.4 78.4 
2 former USSR 10 S22.8 10 389.0 12.2 10.7 · 1.3 
3 Japan 11 408.9 IO 3S3.6 13.2 I0.6 ·9.3 
4 Peru 4 I38.I 6 87S.I 4.8 7.1 b6.l 
s t:nited States 4 949.3 S 8S6.0 S.1 6.0 18.3 
6 Chile 4 804.4 S 19S.4 S.6 S.3 8.1 
7 India 2 826.l 3 790.6 3.3 3.9 34.l 
8 Indonesia 2 332.7 3 080.S 2.7 3.2 32.l 
9 Republic of Korea 2 649.9 2 7S0.0 3.I 2.8 3.8 

10 Thailand 2 22S.I 2 6SO.O 2.6 2.7 I9.l 
11 Philippines I 86S.0 2 208.8 2.2 2.3 18.4 
12 Democratic: Pcoplc"s 

Republic: or Korea l 700.0 l 7SO.I 2.0 1.8 2.9 
13 Norway 2 119.0 l 747.I 2.S 1.8 ·17.6 
14 Canada I 4S3.3 l 624.4 1.7 1.7 11.8 
IS Denmark I 764.8 1 Sl7.2 2.0 1.6 ·14.0 
16 Iceland 1 680.4 1 507.6 1.9 1.6 ·10.3 
17 Spain 1 482.8 1 458.1 1.7 1.5 -1.7 
18 Mexico 1 226.S 1 401.0 1.4 1.4 14.2 
19 France 837.7 896.8 1.0 0.9 7.1 
20 Viet Nam 808.0 8SO.O 0.9 0.9 5.2 

Asia !I 37 734.7 4S 337.4 43.7 46.6 20.1 
East and South-East Asia 29 831.9 36 201.7 34.S 37.2 21.4 

Latin America 11 932.4 14 413.8 13.8 14.8 20.8 

Europe!!/ 12 926.9 11 466.5 lS.0 11.8 -11.3 
EEC 7 192.4 6 764.0 8.3 7.0 -6.0 
Northern Europe 4 S58.2 3 902.2 S.3 4.0 -14.4 
Eastern Europe 1 089.7 72S.I 1.3 0.7 ·33.5 
Former USSR 10 522.8 10 389.0 12.2 10.7 -1.3 

North America 8 375.0 9 525.5 9.7 9.8 13.7 

Africa 4 279.6 5 164.5 4.9 5.3 20.7 

Oceania 606.7 949.0 0.7 1.0 56.4 

North s.l 42 529.1 41 027.7 49.2 42.2 -3.S 
South 43 849.0 56 218.0 50.8 57.8 28.2 

World 86 378.1 97 245.7 100.0 100.0 12.6 

Souru: Food and Agriculture Organization or the United Sations, Ye~ o/FislwrySratisrics, Producrs 
(Rome. 1992). 
If Including China and Japan. 
!!/ Excluding former USSR. 
s.1 North America, Europe, former USSR. Japan. Oceania, South Africa. 

(squid, cuttlefish, octopus) are essentially frozen, par
ticularly in Asia (Japan, Thailand etc.), North America 
and southern Europe. Crustacean products (canned prod
ucts and preparations not in airtight containers) are rather 
an oriental tradition (Japan, Philippines, Thailand), while 
canned molluscs (clams, mussels) appear more in 
occidental countries. Products of less value include in
dustrial products (fish-oil and fish-meal), dried, salted 
and brined fish (Afican or Asian regions) or smoked fish. 
In this group also are canned products, the latter based 
mainly in Japan, the United States and the succeiisor 
States of the fonner USSR. 
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(b) Con.rumption 

The recent strong increase in consumption has stimu
lated the current catch increase. Per capita consumption 
per year in 1989 was 13.4 kilograms, as compared with 
only 9.1 kilograms in 1961. This increase. however. has 
not been unifonn across countries. Per capita consump
tion, for example, is three times higher in the developed 
than in developing countries. In the EEC. it varies from 
8 kilograms per capita in the Netherlands to 57.7 kilo
grams per capita in Portugal. Finally, five countries, 
namely China, Japan, United State'!, India and the former 
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USSR, consume one half of world produclion. The con
sumption share of major world regions in 1990 was Asia 
(51.8 per cenl), the former USSR (12.l per cent), EEC 
(I LI per cent) and North America (8.6 per cent). The 
remaining shares were! divided among .'\frica (6.2 per 
cenl), Lalin America (5.5 per cenl) and Eastern Europe 
( 1.4 per cenl). 

About lhrcc fourths of all seafood is consumed by 
humans; one lhird of lhis is consumed fresh; a lhird is 
frozen; and of the lasl lhird, approximately one half is 
canned and lhc rest is dried, smoked or salted. Develop
ing countries usually consume fresh or slightly processed 
(dried, salted or smoked) producl'i. On account of cul
tural habits (smell, difficulties of preparation etc.), devel
oped countries prefer processed products: frozen fish, 
canned fish, prepared meals etc. In the former USSR and 
Easlem Europe, fresh or fro1.cn fish arc oflen scarce. In 
lhc fonncr USSR, lhis shorta~c of fresh fish can be 
explained by lhc distance of importanl harbours 
(Murmansk, Ria, Vladivoslok clc.) from centres of con
sumption (Moscow, Kiev elc.). By conlrasl, canned and 
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dried, sailed or smoked produclS arc oflcn appreciated in 
these counlries: herring in the former USSR, cod in 
Poland, mackerel in Bulgaria clc. 

In recent decades, the growlh in population, increase 
in lhe standard of living (especially in developed coun
tries), and inten.o;ive fish-farming have helped to stimu
late fish and shellfish demand. In the short term, how
ever, consumption also depends on seafood prices, as 
many substitutes exist, especially mcal'i. The concern of 
consumers over conlamination or pollulcd bodies of 
water also affect seafood use. 

Tllltle IV.IS. G,_.11 of -rid safood pnnsm.,, 1911-19'0 

Produe1ioll PcrRnlaF ... ~ PcrRnl•F 
19111 1990 dlanF 

Pftlducu <•"'-nd•-> 19111 1990 19111-1990 

Fllll, frall. dldlcd II 317.6 u 144.1 JU 42.0 ua 
or''°""" 
f"llll, dried, salted 38902 4 502.4 117 IU IS.7 
or smoked 

CftdUCUll. mall-. rra11. I 46.~ 4 12Sl7 S.l 6.2 Sl.8 
llOZCa, dried, ulicd Cit. 

f"llllpmdUCU S IS6.8 Scnt.O 18.2 16.S 14.9 

c .... - •lid molluK )40.9 .... 4 l.l 1.4 O.J 
pmdUCll 

Oill •nd , ... ol aqll81it I lf>S.9 I 197.9 4.1 3.9 19.9 
a11i11111lonpn 

Mall •lld soluble& of s OS8.9 6293.0 17.8 17.s 2U 

aqua1ic •nimal oriSin 

TOTAL 21 l9S.7 l600U 1000 100.0 26.8 

S-CI'. Food and Apitul1uN Orpnwihon ol the United N•llOlll, Y1iuooot of Fi.clw/ Stdlillia, hodMtrs (Rome. 19'12). 

11 Numbcn in JlllNntllcscs an: pcn:cn••ac 111.tru 

Main pmduan1 rou111nat' 

.,.,,_r USSR (20.7), J•pen (lll.4), 
Republic ol Ko~• (9.0). 0.1u (U) 

Japan (21.9), lndoncsaa (16.7), 
Fonner USSR (16.2), l'llilippincs (S.4), 
llldl8 (4.2), Cllona (4.0) 

Jape11 (ll.S), United St•tcs (12SJ, 
llladand (11.3). Olin• (7.l) 

Jape11 (27.4). rormcr USSR (26.4). 
Ullitcd Sl••cs (6.4) 

l'llohPP'nes (20.9), Thailand (Jl.6), 
Japan (12.6), Uni1cd Su1:a (11.0) 

Jape11 (?9.9}, Pcrv (13.7), 
Olde (ll.S), Unitco .i1•1cs (9.2) 

Pc111 (19.1). Clldc (17.1), 
J•pen (IS.S), romocr USSR (11.0) 
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Figure IV.6. Major seafood-processing sectors, 
1990 
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Sourr:e: Food and Agricunure OrganiZalion of the United Nations, 
Yealtlooll ot FIShety Statistics. Produds (Rome. 1992). 

(c) Prices 

The price (real or deOated) of fish has not only in
creased more rapidly than other foods, such as meat or 
grains, but also is more unstable. Rapid growth has re
sulted from demand exceeding supply, while the instabil
ity has stemmed from fluctuations in the catch. Neverthe
less, in most OECD countries, both trends and nuctua
tions are influenced by government policies, such as 
minimum prices. Much of the world's catch is sold at 
auctions, and subsequently sold again in national whole
sale mar~ets (such as Tsukiji in Tokyo and Rungis in 
Paris) [3 ). Each of these stages involves a price increase, 
and this occurs again at the retail stage. However, in 
OECD countries, some cooperatives anrl commercial 
chains buy directly from wholesale dealers. In some 
developing countries, fishennen sell their products di
rectly to consumers, while in other countries (India etc.), 
the system of distribution is more complex, with a mul
tiplicity of middlemen. 

The pricing of processed seafood products is different. 
Processing industries usually purchase from shipowners, 
within a framework of forward contracts for delivery. As 
a result, the purchase price does not nuctuate as much in 
the short tem1. However, prices are influenced by arbitra
tion between different national markets. Given the domi
nation of one or two major consumption centres, there is 
a tendency for other markeL'i to follow these markets as 
price makers. 

2. International trade 

World seaf,,.,J tr.:de has increased some thirtyfold in 
th: past three decades, reaching $39.4 billion in 1990. As 
much as 38 per cent of the wor~d catch is sold on inter
national markets; thi~ figure could reach even 52 per cent 
for fish-meal, and 65 per cent for crustaceans and mol
lusc products. Table IV.16 indicates that developed 
countries absorbed 87.2 per cent of total world seafood 
exports in 1990. Figure IV.7 gives the import share for 
major countries. The three major world markets, namely 
the EEC, Japan an·I United States, ac< ount for 80 per 
cent of that total. In contrast, developing countries (Thai
land, Repuhlic of Korea etc.) supplied 44.6 per cent of 
those exports. Jn fact, table IV .17 shows that in 1990 
Asian exports were the highest among the developing 
regions, followed by Latin America, Africa and Oceania. 
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The principal eAporting countries were Thailand. China. 
Republic of Korea and Indonesia. The relative impor
tance of major exporting countries is reflected in 
figure IV .8. 

Figure IV.7. Major seafood-Importing countries, 
1990 

Soutl:e· Food and Agriculture l.)rganization of the Untied Nabons. 
Yeatboolr ot FIShety StalislM;s, Products (Rome. 1992). 

Figure IV .8. Major seafood-exporting countriP.~. 
1990 
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Source: Food and Agriculture Orga.1iZalion of the United Nations. 
Y11attiook of Fi5hery StatistK;s, Products (Rome, 1992). 

The world trade pattern for seafood derives from the 
locatio11 of the supply and demand for the major fish and 
shellfish species. These include shrimp, ground-fish, 
tuna, salmon, cephalopods, small pelagics and industri:d 
seafood products. The importance of the major trading 
regions in these markets is summari7.ed in table IV.18. 
The trade pattern is discussed below in greater detail for 
the major species and markets. 

(a) Shrimp 

Various species of shrimp and prawns are traded inter
nationally. each generally with its own specific market. 
Shrimp production has doubled over the past 15 years, 
mainly as a result of increased farming. The volume 
produced, some 750,000 tonnes, currently accounts for 
about one quarter ol world shrimp supplies. Shrimp 
farming is above all practised in Asian countries such as 
China, Indonesia and Thailand, and in Latin American 
countries such as Chile and Ecuador. The volume of 
world shrimp trade has ••'; ·~,! '·1e over the past 10 
years, now accountinr ·· ,,,u • " ,,j;;~h of all world 
seafood trade. Their , ..... -:. •' , 1..teri1.ed hy a high 
number of sellers and ... · •. i n1.mher of buyers. Major 



Table IV.16. World r .. amd ...-.. iapons, 191S aad 1990 

Imports 
Perc:ent1ge share Percentage 

Economic grouping. 198S 1990 ch1nge 
region, country or uea (thousand dollars) 1985 1990 198S·l990 

Japan 4 744.3 10 668.3 25.5 27.1 124.9 
l:nited States 4 051.8 5 573.2 21.8 14.1 37.5 
France 1 039.8 2 809.0 S.6 7.1 170.1 
Italy 985.0 2 458.l 5.3 6.2 149.6 
Spain 412.2 2 360.7 2.2 6.0 472.7 
Germany !I 854.2 1 916.8 4.6 4.9 124.4 
l:nited Kingdom 940.6 1 911.2 5.1 4.8 103.2 
Dcnmuk 37(.1.4 1 116.1 2.0 2.8 201.3 
Hong Kong 471.6 1 111.9 2.5 2.8 135.8 
Netherl111nds 308.4 843.S 1.7 2.1 173.S 

Europe!l/ 6 464.8 16 780.7 34.7 42.6 159.6 
EEC 5 S38.4 IS 080.1 29.7 38.3 172.3 
Asia 6 301.9 14 Sl3.2 33.9 36.8 130.3 
North America 4 602.S 6 447.3 24.7 16.4 40.1 
Africa 6S3.2 886.4 3.5 2.2 3S.7 
Oceania 313.9 464.3 1.7 1.2 47.9 
Former USSR 157.1 163.0 0.8 0.4 3.8 
Latin America 125.8 155.9 0.7 0.4 23.9 

North 16 135.0 34 383.6 86.6 87.2 113.l 
South 2 484.2 5 027.2 13.4 12.8 102.4 

World 18 619.2 39 410.8 100.0 100.0 111.7 

SoUTCe: Food and Agriculture: Organization of the: United Nations. Yearbook of Fishay Sttuistics, 
Producrs (Rome, 1987 and 1992). 
!I Unified Germany. 
!!/ Excluding the former USSR. 

Table IV.17. F'ISb and sbeDr15b exports, 1985 and 1990 

Exports 
Percentage share Percentage 

Economic: grouping, 1911S 1990 change 
region and country (thousand dollars) 198S 1990 198S·l990 

United States 1 162.4 3 019.9 6.7 8.3 1S9.8 
Canada 1 3S9.2 2 269.8 7.8 6.2 67.0 
Thailand 67S.1 2 264.9 3.9 6.2 235.5 
Denmark 952.7 2 165.5 5.5 5.9 127.3 
Norway 922.5 2 059.8 5.3 5.7 123.3 
China 366.9 1 622.1 2.1 4.5 342.1 
Republic: of Korea 796.9 1 363.3 4.6 3.7 71.1 
Netherlands 543.7 1 332.9 3.1 3.7 145.2 
Iceland 617.4 1 240.3 3.6 3.4 100.9 
Indonesia 236.6 978.7 1.4 2.7 313.7 

Europelf 5 285.0 12 058.9 30.5 33.1 128.2 
Asia 5 322.8 11 650.3 30.7 32.0 118.9 
EEC 3 329.8 7 908.9 19.2 21.7 137.5 
North America 3 402.9 6 459.2 19.6 17.7 89.8 
Latin America 1 490.4 2 638.1 8.6 7.2 77.0 
Africa 823.5 1 649.8 4.7 4.S 100.3 
Oc:eauia 640.1 1 038.4 3.7 2.9 62.2 
Former USSR 383.9 933.5 2.2 2.6 143.2 

North 9 684.8 20 167.4 ss.s 55.4 108.2 
South 7 663.8 16 260.8 44.2 44.6 112.2 

World 17 348.6 36 428.2 100.0 100.0 110.0 

Source: Food and Agriculture Organiution of the United Nations, Yearbook of Fis/my Statistics, 
Products (Rome, 1987 and 1992). 
Ii Excluding the former USSR. 
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World trade 
Products (pcrcen1agc) 

Groandfasb 11.2 
Fillets. FCF 10.l 

Gadiformcs. FCF 3.2 

FlalflSh. FCF 2.4 

Gadiformcs. DSS 2.S 

Shrimp, FCF 17.0 

Tuna 9.2 
FCF 6.3 

Canned 2.9 

Salmon ids 6.7 
FCF S.8 
Canned 0.9 

Industrial products 4.6 
Fish-meal 4.0 

Fish oils 0.6 

Ccphalopods 4.0 
FCF 3.7 

DSS 0.3 

Small pclagics 4.0 
Herring, anchovies, 
sardinc:5 2.8 
Canned l.S 

FCF 0.9 

DSS 0.4 

Mackerel 1.2 
FCF 0.8 

Canned 0.4 

Table IV .. 11. World salood uaitkJI 

Main upor1ing 
country or area 

Canada (16.8), Denmark (1 ... 1). 
Iceland (13.3), Norway (S.2) 

Denmark (15.5), United S1a1cs (IS.I). 
Cbilc (11.7), Iceland (10.0) 
Setberland~ (32.3). United S1a1es (12.l) 
Iceland f• .3), Denmark (7.3) 

Sonray (36.6), Iceland (21.3). 
Canada (15.6) 

China (13.8), Thailand (12.6), 
Indonesia (IO.I), India (S.9). Ecuador (S.8), 
Hoag Kong (4.5), Mexico (3.6) 

Republic ol Korea (14.9), Spain (8.0). 
Singapore (6.3), France (S.6). Japan (4.4) 

Thailand (47.S), COie d"lvoirc (9.9). 
Philippines (8.4) 

r.;orway (36.0). United Stares (31.3) 
Cnada (42.1), United States (34.1) 

Chil:'. (32.8), Peru (3:.0), 
Denmark (7.S) 

Japan (21.7), United Slalcs (12.3), 
Iceland (8.7), Norway (8.S) 

Morocco (15.8), Thailand (14.S), 
Spain (11.5), Mauritania (10.0) 

Thailand (36.7), Vici Nam (16.3) 

Morocco (22.3), Portugal (11.0) 

Uniled S1a1es (17.7), Netherlands (lS.S), 
Norway (12), United Kingdom (7.8). 
Prance (7.5) 

Netherlands (16.9). Iceland (16.0), 
Spain ( 13. 7) 

Norway (30.3), United Kingdom (lS.9), 
Netherlands (12.7) 

Denmark (27.6), Japan (22.9). 
Portugal (12.3), Morocco ('.'.8) 

Main importia& CCODOlllic 
1roupill&. ccea1ry or area 

United Stales (30 .. 6), Germany (12 .. 2), 
United Kingdom (IU), Pnnce (11 .. 4) 

Spain (21.S), Dcaaark (IS.9), 
United Kingdom (13 .. I), Fnncc (8.0) 

Japan (22 .. 6), Spaill (12 .. 1) 
Netherlands (12 .. 0) 
Portugal (38..3). haly (17.8) 

Japan (38.3), U.ilcd States (25 .. 0), 
EEC (21.9) 

Japan (38.7), Tbailaad (24.9), 
United Stales (10.l) 

United S1a1es (28.S), Prance (14 .. 9), 
United Kingdom (13 .. 0) 

Japan (40.6), EEC (36.7) 
United Kingdom (51.2), Australia (12.6) 

EEC (4S.0), Cb1na (lS.O), 
Japan (10.0) 

United Kingdom (17.9), Netherlands (16.4), 
Germany (11.S), Norway (8.S) 

Japan (47..S), Italy (16.9), 
Spain (14.7) 

Japan (34.3), Hoag Kong (32.4) 

Unite~ S1a1es (IS..S), Germany (15.4), 
France (10.7), UaitcJ Kingdom (8.S) 

Japan (32.9), Spain (11.1) 
Denmark (9.4) 

Italy (31.8), Germany (21.4), 
Spain (15. 7) 

Japan (33.1), Nelbcrlands (8.0), 
France (7.2), Ni&eria (S.6) 

Papua New Guinea (23.S), 
Italy (19.3), Germany (8.4) 

Sovrus: food and Agricullure Organizauon of the United Sa1ions. Y~arboolcofFishnyStatistics, hoduca (Rome, 1992); and F1sb-mnl 
Exporters Organization, papers and proceedings or the Annual Conrcrencc held in Paris in 1992. 

N<HL: FCF: fresh/chilled/frozen. 
DSS: dried/sailed/smoked. 

II For main ex pore in& and impomn& counrnes, d.ua arc 1n volume lcrms for 1992, and figures in parentheses arc percentage shares. 

exporters are developing countries, especially in Asia 
and Latin America, while major importers are Jap:sn, 
EEC and United States. 

Japan is the largest shrimp-trading centre and leads 
other market!! in setting prices. Japanese shrimp prices 
have recently followed approximately a three-year cycle. 
For example, prices rose in early 1987 to mid-1988, 
declined towards the end of 1989 and increased again in 
1990, followed hy a new decline until mid-1992 and 
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growth in 1993. Factors causing these fluctuations in
clude changes in the value of the yen and fluctuations in 
demand. For example, Japanese shrimp consumption, 
weak at the beginning of 1992, increased until Septem
ber, tben declined in the last quarter of 1992. 

Tt.e Asiatic 1.0ne always controls this market, with 
Japan's import-; currently at 80 per cent. However, in the 
medium tenn, the influence of countries !luch a!I China, 
India, Indonesia or Malaysia could increase. Freshwater 



'fkXies are now in ahur.Jance I for example in Greenland 
and :'llorway). and could find imponanl channels on lhis 
markcl. In the l;niled States. shrimp C•>nsumplion de
creased in 1992. while domeslic pmduction ha." fallen. 
with a weakening of slod.s and a decline in landings. 
The sources of liniled S1a1es impons include f:.cuador. 
Thailand and 01her major shrimp-exponing counlries. 

In Eumpe. imputs to three main markets ha,·e lripled 
o\·er the past IO years: Spain (75.000 lonnes); France 
(60.(XJO lnnnes): and UnileJ Kingdom (50.000 lonnes). 
Price nl<wements depend on numerous factors. For 
l'ordic species. they follow supply. which was subslan
tial in 1992. Pri..:es accordingly declined. In June 1992 
Crani>n were sold. for example. at S 1.35 per kilogram. 
compared wilh S6.90 per kilogram in 1991. This caused 
imports to increa.o;e quickly. especially in France and the 
liniled Kingdom. For lropical species. however. prices 
increased in parallel wi1h world prices. For inslance. 
during lhe fiN three quarters of ll}l}2. lhe price of Indian 
Brown increased hy 20 per cent. The oullook for funher 
growlh remains considerable. given that Europeans con
sume four limes less shrimp than 1he Japanese. As a 
consequence. sales oi· black-1iger shrimp from suppliers 
such as lndone.,ia. Malaysia and Thailand should in
crease. In the detriment of the more expensive and rarer 
cold-waler varieties. Processed prodm:ls (cooked. 
unshelled and packaged shrimps) from developing coun
tries could also he shipped lo the European market in 
grealer volumes. 

(h) Groundji.{h 

The ground-fish family mostly includes Gadiformes 
and flal-fish. lised for human consump1ion. they repre
senl one fifth of overall world trade in fish and shellfish. 
Besides the less importanl dried. smoked and salted fish 
market. a major part of trade is in the form of fresh. 
chilled or fnu:en fish and surimi. 

In 1992. cod cah.:hes decreased heavily in major pro
ducing counlries ;md areas such as Canada. Denmark. 
beroe blanc.ls. Greenland and keland In con1ra .. 1. other 
countrie' experiem:ed a relative ahundance; increases 
were recorded for end in the Aaren ls Sea (Norway. Rus
sian Federalion). capelin (kcland). hake (Poland etc.) 
and pollack (Repuhlic of Korea. Russian Federation. 
lJniled Slates elc.). Al lhe same lime. however. demand 
remained weak in 1992. In lhis conlexl prices and lrade 
also declined in Europe and lhe lini1ec.l S1a1es in 1992. 
While coc.l prices mighl o;lahili1e in lhe United S1a1es. 
lhey are likely lo fall in Europe. given duty-free imports 
of :'l:orwegian products. To prevent this possibility. !he 
EEC has ac.loptcc.l a minimum import price policy. 

Cii,·en the ahundance of pollack and the collapse of 
fillel pril'e'>. lhe surimi hao;e price. especially high in 
llJIJI. declined _n 1992. Jap;m \till pnl\.'.es,cd a major 
portion or lhc world wpply ( 1.4 million lonne\) of 
\IH 'lll products. hul th.s produclion i' increa,ingly meet
ing w:th competition from cnunlrics in A.,i.1 and lhc 
l'ac1fic region. 'iUCh a'i lhe Repuhlic of Korra. !:xports of 
surimi hy Japan in facl fell hy 75 per ccnl helween llJX6 
;md 199 I. Over lime. none 1he lcS\, thi' markel i' ex
pccled lo grow, and other 11,h species may al"' he hre!.l 
for lh" purpo'e. 

( ,. ) Tuna 

The inlc.-nalional tuna market l\.l(1 hillion in 1990) 
involve' lrade in hluc-fin. alhacore and lropi•al luna 

(yellow-fin. skipjack and patudo). Most arc shipped 
canned and fresh. chilled or fnuen. Given the tariffs that 
exist on canned foods. the fresh. chilled and fnu:en mar
kel is traditionally the more imponant. The impa..:l of the 
tuna crisis of 1990 and the inrrea.'iing supply ha." heen In 
pressure prices downwards. The market structure can 
also be "3id lo lower prices. since the market consists of 
a few major consumers. but a variety of suppliers (Indo
nesia. Mexico. Repuhlic of Korea. Taiwan Pmvince. 
Uniled Stales. EEC etc.). Since 199(). lhe United Stales 
has emhargoed \·arielies of tuna fmm !he eastern central 
Pacific which are jointly caught with dolphins. It would 
appear that tuna fishermen possess excess capaci1y in
cluding backward or primitive fishing technologies. 
There are many ecological rea.'it>ns fur not deslroying 
dolphins. and this embargo has worsened the crisis. The 
fact that fishem\en in 1he eastern cenlr.d Pacific have 
linle c.lesire to modemi1e anc.l control their catch symhol
i1.es an inc.lustry guilty of its own decline. with prospects 
for hankruplcy. 

In the 1980s world trade in fresh. chillec.l or fnuen 
tuna tripled in value. This trade took place moo;tly on an 
interregional ba.'iis, linking fishing mnes lo the nearest 
major consuming markels. the lauer induc.ling Italy. Ja
pan, Thailand anc.l United Stales. Dominaled hy yellow
fin and higeye. the Japanese market has progressively 
hecome more important (lwo fifths of world impons). h 
is supplied above all hy the Pacific region (Repuhlic of 
Korea. Taiwan Province etc.). 

The other three markers are for canneries species. 
With the emhargo anc.l competition from Asian luna can
ners. the United Stales market is in net decline over the 
medium term. Ry contrasl. the Italian market has expe
rienced sustained growlh. with ahundant supplies and 
growing demand. In Thailand. the volume of tuna im
ports usual!y from the Asian region (Japan. Repuhlic of 
Korea. Taiwan Province etc.) lends to decrease. 

In lhe canned tuna markcl. the major exporters con
tinue In he developing countries in South-East Asia. 
West Africa etc .• the major impon markets heing in 
Europe and lhe Uniled Stales. In 1992. the United State' 
market (a quarter of world imports) experienced a down
turn. wilh relatively low prices. While some three quar
lers of liniled States imports conlinued to come from 
Indonesia. Philippines. Thailand. olher Asian exporters 
were playing an increasing role in the market. 

In Europe. low price,, which dccrea~t:d hj one sixth 
between January and September 1992. helped to stimu
late an increase in lrade in France and the United King
dom. Ry contrast. the demand was more moderale in 
Ciermany. wilh impons falling hy 25 per cent during lhe 
first three quarter\ of lhe year. Although Weo;I Africa 
conlinues lo he an importanl supplier of France. Mada
gascar anc.l A'iian counlrie' may become increasingly 
important especially after the e'ilahlishmenl or the 'iingJc 
European markel. Imports hy <iermany and lhe llni1ed 
Kinl-?dnm originale e'isentially in Soulh-Easl A'ia. from 
Thaila11d and also lndonco;ia. Maldive' and Philippines. 

(1/) Salm11nid~ 

Salrnonids include many species. hul cspcl·ially 
salmon and lrout. In 1992. lhc world produclion of 
salr•mn was estimaled lo he 1.1 million lonnes. one 
fourth of which were farmed salmon. which has experi
enced a period of spectacular growth, especially in 
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Norway and the United Kingdom. but also in Canada. 
Chile and Japan. This growth. none the less. has led to 
twen:apacity. and fanners ha\·e voluntarily reduced their 
deliveries in 1992. Paralh:l to this. the world catch of 
wild salmon. trJditionally dominated by Canada. Japan. 
the fomter USSR and the United States. d. creased in 
1992_ The existing excess supply caused salmon prices 
to dmp in 19lJ2. particularly because of substantial sales 
of Norwegian stocks. For example. in March 1992 in 
Gemtany. Atlantic salmon was sold for S6.80 per kilo
gram. compared with $8.70 per kilogram in 1991, and 
$10 per kilogram in 1988. 

Lower prices ha,·e stimulated both demand and trade 
(430,000 tonnes in 1990) in different fresh. chilled or 
frozen markets. Traditionally. this is regional trade, with 
Japan importing from the United States (and more and 
more from Chile) and the EEC importing from Norway 
and the United Kingdom. In the medium term, supplies 
of salmonids could continue to grow. The catch of wild 
salmon will remain variable, but will continue lo in
crease, a.'i long as conservation mea.'iures are respected. 
However. the attempt lo reduce the excess salmon supply 
in Europe may be overcome by increased farming in 
other countries. such as Canada. Ch"''! and Japan. A great 
part of the supply will probably find new market oppor
tunities. and salmon is likely to change from being a 
luxury item to a more common daily food_ 

( e) C ephalopods 

The world cephalnpod markt>t (squid, cuttlefish, octo
pus) has doubled in volume over the past 10 years. Trade 
is highly concentrated. with Japan. Spain and Italy ac
counting for 80 per cent of all imports. Supplies, how
ever. are more widely scauered. with countries such as 
Mauritania, Spain and Thailand being the main ex
porters. 

Following the excess supply of 1988 and 1989. until 
the first quarter of 1992. squid marke:s faced supply 
shortages_ But with the recovery of fisheries, after April 
1992. prices tended to drop. especially as demand weak
ened in Japan. Only some European markets such a.'i 
Spain and Italy experienced. at the end of 1992. an in
crease in prices and a relative shortage of supplies, 
link-:d to reductions in Indian landings. Parallel to this, 
world exchanges. which had dropped in 1991, increased 
quickly in 1992. In the first three quarter<; of 1992. Japa
ne'\C imports increased by one half. In this market. Ar
gentina provides large quantities 10 the detrimenc of Easc
ern European exporters and chose in Che Pacific, for ex
ample. New 7.ealand, Republic of Korea. Taiwan Pmv
ince. Thailand. European markecs are tradicionally sup
plied by North Africa !Morocco). by F..aslern countries 
!Poland, former USSRJ and by A.;ian counlrics (India. 
Thailand). 

Culllefish is supplied mostly by Souchern Europe 
!France, flaly. Spain) and Asia !Republic of Korea, Thai
land). Produclion has been falling in the medium cerm. In 
Japan, consumers are very fond of top-quality cuulcfish. 
generally eacen raw. Since mid-1987, I his market has 
experienced higher pril'es. Japanese imports increased 
slighlly in 1992. with Mauritania, Morocco, Spain and 
Thailand as ils main suppliers. In Europe, Italy tr. a major 
consumer for small cullkfish, frozen in hlocks. Major 
exporters to this market rerr:ain France (JO per ecol) and 
the Wesl African countries. Spain imports 16,000 tonnes 
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of cuttlefish. mainly from African countries (Mauritania. 
Morocco. South Africa etc.) aniJ India. 

The world catch of octopus in 1992 amounted to some 
280.000 tonnes. Major suppliC':'S were Japan. Mauritania. 
Morocco and Spain. Given th1: relati\·e abundance of that 
catch in 1992. especially in ~he ea.'>lern centr.il Atlantic, 
prices which doubled over f he past four years tended lo 
decrea.'ie. Japan thus increa•.cd il'i imports fmm Morocco, 
and even more from Mau.:tania and Spain_ 

The cephalupod market could develop further. given 
the large resources remaining. notably in the Atlantic. 
Some 60 species are marketable. and demand should 
grow in countries such as Italy. Republic of Korea and 
Spain_ New restrictions on the use of the drift net could 
lessen supply and help conserve these species. Tradition
ally, Japan and the Republic of Korea caughc more than 
200,000 tonnes of squid on an annual basi~ in the North 
Pacific. Their fleet could therefore fall back on Mexican 
and Peruvian stl'icks. 

(j) Small pelaxics 

Small pelagic species include sardines. pilchards. an
chovies. herring. mackerel etc_ Globally. they represent 
nearly one half of the world seafood catch and a quarter 
of all canned fish. 

Almost one half of all world lrade involves sardines of 
various cypes. generally canned. Since 1988. with the 
exception of the beginning of 1989, this market has ex
perienced poor harvests in Italy. Morocco and Spair •. At 
the same time. prices tend lo increase, except in Ger
many. This has caused some shift among the major ex
porters. In Asia. Thailand replaced Japan. and in Europe, 
Morocco overtook Portugal (except in France). 

The world mackerel catch totalled some 2.6 million 
tonnes in 1990. Condilions arc stable in this market, 
wh;r:h accounts for 4.1 per cent of all canned fish pro
duction by volume. and 1.2 per cent of world trade in 
fish and shellfish. Fresh rish is traded mostly in Europe 
and in 1he Pacific region. The canned mackerel market is 
both European (for Atlantic mackerel) and Asian. Den
mark continues to be the main supplier to European 
importers (especially Italy and Germany), with Portugal 
increasingly displacing Morocco. In 1980, Japan ex
ported 200,000 tonnes of mackerel, compared with only 
13.400 tonnes in 1992. This long-term decline is due to 
several factors: competition frnm other Asian countries, 
notably from Thailand; a declim: in resources linked to 
the creation in the early 1980s of a 200-mile economic 
zone; and the introduction into many Asian waters of lhc 
Jap:mesc sardine. a pn:dator lo lhc Spanish mackerel. 

Different trade patterns exi-.1 for other small pelagic'i 
such as anchovies, sauries and jacks. Trade in fresh, 
chilled or fro1en herring increased notably in 1992, wilh 
increases in catches and decreases in prices. Mosl of the 
great herring markets (North America, Western Europe, 
EaMern Europe and the former USSR) buy and '\Cll on a 
regional basi'i. Only Japan remains truly inlemational. 
with imports originating from Canada, Europe (Norway) 
and lhe United Slates. Globally, demand for herring will 
probably nol increa«• notably over lhc next few years. 
Bui production will increase substantially. leading co 
lower prices. and Ibis is likely lo result. in further 
processing for fish-meal. 

The future of lhe small pelagics market remains uncer
tain. Supplies are flucluatin~. and overfishing threatens 



all species. with the possible exception of anchovies. 
herring anJ sardines (Angola. Mauritania). Thi'i threatens 
to limit the potential of the markets; at the same time. 
world demand ~ems to he weakening. except perhaps in 
some Je\·eloping countries and. in the medium tc.-nn. in 
Eastern Eumpe. Such changes should constitute no great 
threat to the pelagic fishing industry. in so far as the fish 
can be alternatively processed into oil and fish-me:il. 

(g) Pmn•.ui•t! oils a11J meal.{ 

Fish oil is made primarily from fish such as pilchard. 
menhaden and capelin and is chiefly used by the marga
rine industry. Some 1.3 million tonnes of fish oil are 
produced annually. accounting for 2 per cent of world 
consumption of edible oils. On an average. Japan pro
duces 25 per cent of the world total. Latin American 
pnx.luLers (mostly Chile and Peru) some 40 per cent. and 
a further 20 per cent comes from European pnx.lucers 
(chiefly Denmark. Iceland and Norway)_ Since 19lN. this 
industry has experienced weak supplies. In 1992. fish-oil 
pnx.luction decreased. except in some European coun
tries (Iceland etc.). whil·h have an ample supply of her
ring and capelin. The overall supply decline can he ex
plained by lower production (fapan) or lower yields 
(L!tin America and North Ameril·a). When fish-oil 
prices increased in 1989. world trade decrea'ied accord
ingly. to reach 370.CXX> tonnes in 1992. 

Fish-meal is made from fish such as pilchards. jacks. 
anchovie'i. and menhadens. Some 40 per cent of proJuc
tion originates in Latin America <Chile. Peru). 1-l per 
cent from East Asia (China. fapan. Thailand). 12 per cent 
from Northern Europe (Denmark. Iceland. l"orway) ;md 
IO per cent from the former USSR. fatimated ;11 6.1 
million tonnes in 1992, this supply has abo declined 
since 1989. especially in J;ipan and the former lJSSR. In 
Japan, with resour..:es becoming ran:r. production 
dropped by 60 per cent between I 9HH and 1992. As a 
result of the= general decay of it'i fishing fleet. the proJ11c-
1ion of the former USSR is al'o declining. with a foll of 
12.3 per cent in 1992 alone. (ii,·en thi' low supply situ
ation and high price'>. fio;h-meal has been unahle to gain 
in competitivene's relative to \oy-meal. Although "1k-. 
of fi-.h-meal grew hy one third hetween I lJHO amt I 985, 
trade ha'i tended to stagnate around .\.3 million tonne-., 
currently worth ~2 hillion. Trade U'ied to he on .1 "l'onh
South" ha,is. The South 'till prmide'> mo'it of the total 
'ale,. a' L1tin America alone IC'hile. Penl) provide' 67 
per cent of world exporh. Japan ha' iowerl'd ii' -.ak' and 
i-. now hecomir.g a major importl'r. Among den·lnped 
market economies. only l'orthern Europe I Denmark. 
Ciermany. kcland and !'\orway> c;m -.till he c1111-.idered a 
major exporter, with 20 per t.:l'nt of the world markl'I. 

The demand for fi-.h-ml';il. none lh•: ll'"· 1-. allerin~ 
rapidly. hr,I. with 111e devt'lopmenl of aq11.1rnl111n:. de
veloping cnuntrie-. 'uch a-. China. lmlone-.ia. l'hilipp111e' 
and Th;11land have become i1111111rtan1 impor1cr'. For l'X
;1111pll·, l 'hina, whii:h currently prodUl'l'' .lO 1111llion 
tonne-. of animal feed per ye;ir, import-. 'ome M0.000 
tonne-. of fi-.h-meal. Secondly, and in conlra,l. -.1icce"or 
Stall·' of the former USSR, -.horl of hard rnrrl'nq·, have 
progre"ively di,engagl'd from 1h1:,e markl'I' "' huyl'r,. 
Thirdly, -.ome developed rounlries 'uch a' C il'rmany and 
the liniled Slate' now prefer li,h-meal lo .\ny-hcan mc.'al 
in animal feeds. 

J. Industry "structuring 

In llJlJCl. some IJ nf the HXl major agro-fotx.I compa
nies we~ involved in fish and shellfish pml·essing. with 
a turno\'er ranging from S2 billion to S-t hillion. Further 
detail on the profitability and sales of these cumpani~s 
appear in lahle IV.19. In Japan. companies such as Taiyo 
Fishery. l"ippon Suisan Kaisha. Nichirei. and Nichiro are 
highly speciali1ed in fish and shellfish. In contrJst. in 
Europe and the United States. agrn-f1xx.I groups ha,·e 
simply diversified their acti\·ities into fish and shelllish. 
Unilever or Nestle. for example. have enlered the sea
food sector by adopting different branJ names (Findus. 
lgl1xl etc.) for fish and shellfish. Nearly all major 
processing companies have pursued a strategy uf concen
tration. di\·er..ification and internationali1.ation. 

Given that the lrJditional fishing process ha.s become 
highly industriali1ed. the scale of companies in many 
countries has increased notably. In Spain. for example. 
Pescanova. aci:ounls for 40 per cent of the domeslic fish 
market. In Japan. the processing induslry is organi1ed 
around several major companies. the Taiyo Fishery. Nip
pon Suisan Kaisha. Nichirei. l"ichiro ;md Kyokuyo. This 
phenomenon of concentration is particularly strong al the 
canning, free1ing and fish-me;tl stages. In the United 
States. four groups supply HO per t.:enl of the domestic 
tuna market. In Spain. the number of fish and shellfish 
canneries has hcen reduced from 463 in 1974 lo 170 in 
1991. In France. the industry remains organi1ed around 
three companies. Saupiquet. Peche ct Froid and Pecheurs 
de France. In Chile, the Angelini group prm·ides one half 
of the country's fish-meal produclinn. However. in coun
tries such as China and Norway and in many developing 
countries. the scale of the industry has remained small. 

There has also been a mowment towards an increa'e 
in \'ertical integration. as can he witne,.,ed in i.:nuntnes a .. 
different as Iceland. Japan or Thailand. In such cmmtrie,. 
major rnmpanies jninlly own fishing. procev.;ing and 
trading aclivilies. The Royal (ireenland group. for exam
ple. has 11 lrawlers, 16 prot.:e~sing faclories and several 
commercial outlets in Germany. Italy. Japan and {;nited 
Kingdom. Some geographinl concentration aho exi'''· 
In lndone,ia. cannerie'\ are rnnrenlrated near Bali. In 
India. fat.:lories in Kerala repreo;ent 40 per cent of the 
dnme,lic free1ing capacity. 

Prni.:e,sing l·ompanie' have ;11"' "111gnt In inl·rea'e 
their di\'er-.ifo:ation. for example. hy entering the t.1elica
le"en. poultry and nlher 'ecll1r,. Companie' lhal pro\'ide 
'lorage al\o ha\e diver-.ilied into lrnih. vegelahle'. meal 
;md other f1K1d pnx.lud'i. 

Other cornpanie' have chmen lo nport their factorie' 
to tle\'eioping rnunlrie'i. Some.' l '.mll'tl Stale' cannene,, 
fnr e~ample, are implanted in Ecuador. Pl·rn anti Somoa. 
French ..:armer' h;1ve al\o inw-.1ed in C'i11e d'Ivoire ;md 
Senegal. Rever'e lran-.aclions can al-.o he found. In July 
1988, the lndone-.i;m !!roup l'J Manlru,I. for e\ample. 
houghl Van Camp SeafrnKI, whii.:h l·onlrnl-. 20 Jll'r l·enl 
of the l: niled Stale' canning market. On all ,1tJe,, lhl' 
in1ern;1lion;1li1i1lion improve' the Spani'h !!fllllJl. 
l'l'-.i.:anova. whil·h hao; '11h,id1arir' m A11-.1ralia, Frani.:e. 
Italy. Namihia, South Africa. l ;mi.may cit:. The Japane-.e 
group Mi1s11hi,hi rnnlrob Princes hK1d in the l ;nilcd 
Kingdom and in lhc taller rn11nlry. Alhcr1 F .hrr domi
nate' the mu'i'el imh1,1ry in the Netherlands. 
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Table IV.It. Mllilw Mafood companies, 1990 

Tumowr Net profit AslCll 

Company Nationality (millioft doll•n) (million doll•n) (million dollmn) Employees 

t.:nilcvcr Ncthcrt.nds/ 
United Kinadom l99n l 638 24 806 304 000 

!'IOcstlC SwitzertHd JJ JS9 I 6lS 27 8.~9 199 020 

Coup United Stmtcs IS Sl8 232 4 804 S8 )70 

I h11sdow11 Holdinp United Kingdom 7 Sl7 108 4 093 soooo 

Tmiyo Fashe ry J•pan 7439 40 3 191 2 S30 

Gcacrml Mills United States 6487 381 l 290 97 240 

HJ. Heinz United States 6112 sos 4488 37 300 

~WI S-4cn s 339 S4 s 884 44 6SO 

Booker PLC United Kincd<>m s 223 l8S 2 128 22 760 

S.\IE lt.ty 4 425 100 3 016 20 890 
Nippon Suisan Kaishli hpan 3 690 44 2 169 3 140 

Nichirci corpora1ion J•pan JS21 20 2 383 2 610 

Nicbiro corpora1ion hpan 1962 6 I 107 l 380 

~ Centre rra~ du cocnmcm: extericur, Us 100 lcOikrs tk l'illdu.mit ogro-alimtntain mondialt tn 1990 (P1ria, 1992). 

AclivitiCI 

food, f11h Ind shellfish prodUCIS 
food, fllh Ind shellfish producll, mineral Wiier 
food, f11h ind 1hellf11h producu 
Pi•h ind shellfish product1, mu1, fniill 1nd vcp11blc c1ns, 
pcl foods, biscuits, j1m1 etc. 

F"11h ind shellf11h products 
Ccrc1ll, sn1ckl, condimen11, dHp-frozen products, f11h ind shellfish producls 
Sauces, pct foods, condimenll, li1h ind shellfish products 
Confectioneries, beer, minel'll water, w1e11blc cans, fish 111d 
shellfish products, mut, supr 

F"111h ind 1hr.llf111h producu, poull ry, seeds, mushrooms 
food, fish 1nd 1hellf111h produc11 
F"11h ind 1hcllfi1h produc11 
Deep-frozen producll (fish, 1hcllfi1h ind meal) 
P-111h ind 1hcllfi1h produc11 



4. CapaciJy utilizalion and upansion plans 

Many OECD countries arr now confronted with de
dining populations of hoth fish and shellfish. largely 
hn:ause of careless merti ... hing. This has resulted in ex
ce's capacity for their lleels. In developing countries. 
capacity u1ili1a1ion rates can he weak. Many African 
countries. for example. dn not use all the potentialities of 
their arti~anal fisheries. New processing industries (can
neries. free.1.ing facilities etc.) could also he used more 
intensively. In the case of Mauritania. utilization rates of 
its freezing units did not exceed 25 per cent in 1990. and 
the distrihution network of frozen fish remained largely 
underutili1.ed. 

In many OECD countries. rrcenl industry restructur
ing has lowered production capacities [41. Between 1985 
and ll)l)(). the number of ve'isels declined by 5 per n~n! 
in Canada. 14 per cent in Denmark and 30 per cent in 
Nnf\\o·ay. Much of the redul·tion has heen aided by sub
sidy policies on the part of Governments. In ll)l)(). for 
example. suhsidy payments reached some $190.-1 million 
in Norway. $91 million in Sweden and $96 million in 
the EEC. The fonns of the interventions vary from one 
country to another. depending on credit conditions. tax 
reduction~ etc. In many countries. such as Australia. ke· 
land or New Zealand. progressive suhstilution of h>lal 
admissible catches and transferable individual contin
gents have helped 10 curb subsidies. Governments h;1ve 
also supported mergers and acquisitions as an alternative 
policy measure. In Europe in 1990. for example. the EEC 
p;1id $71 million for mergers, while Sweden and Finland 
extended loans. 

Developing countries need more de\·elopmenl than 
restructuring. In the medium term. they might centre 
their growth in local markets. This would depend on 
support for artisanal fisheries. as a suhstitute for foreign 
lleets, an expansion of higher value-added products and 
an improvement in di'itrihution. North-South coopera
tion, with joint ventures engaged in processing and 1r;1d
ing. could further this evolution. Rut developing coun· 
tries might also enlarge cooperative\. whicn would 
stimulate profitahle investments, especially for ship· 
building. fishing. refilling and processing. 

5. Market.~ and capacilies of developing countries 

The share of developing countries in world fio;heries 
has inaeased regularly. Since I 9Wi it has exi.:eeded that 
of OECD countries. But a great part of the expano;ion has 
hcen linked 10 inland fisherie,. In 1990, developing 
countries accounted for 86. I rrr cent of world inland 
catches, compared with only H0.6 per cent in 198 I. In 
developing countrie,, lhis represenl' a 22. I per cenl of 
all lamlingo;, compared wilh only 4.8 per cent in OECI>. 
Much of this i' due to the 'ucccss of aquaculture in tho,e 
countries. In 1990, they accoun!ed for 6<1.IJ per cent in 
value of the ~orld ;up1ac11ltural supply. compared with 
only 61.9 per ccnl in 1984. Smm.:cs of lhi'i expano;ion 
include marine <llJ'lacullure. the farming of shrimp in 
Ecuador, India. Indonesia and Thailand. the farming of 
salmon in C'hile etc. Marine catches have also experi· 
cnced a considerahlc growlh in developing countries. 
Indeed. hctwecn 198 I and 19'>0. catches increased hy 
50.2 per cent in developing rnunlrics. compared wilh 
only 4.2 per cent in OEC'J> countries !sec figure IV .9). 

Figure IV.9. Growtt. of fisheries in developed and 
developing countries, 1~ 1990 
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Source: Food and Agnculrure Orgamzarion of lhe Un.red Nations. 
YeartJoolc of F1snery Statistics. Gatc/les and Landings (Rome. 1982 to 
1992) 

However, much less fishing actually took place in 
developing countries. In Africa in 1990. landings per 
capita reached H kilograms. compared with 13.9 kilo
grams in de\'eloping countries; 19. 7 kilograms in the 
EEC; 27.1 kilograms in North America; 32.9 kilograms 
in developed countries and 37.9 kilograms in Japan. 
However, serious regional distortions still exist. Indeed 
in 1990, eight countries (Chile. China. India. Indonesia. 
Peru. Philippines. Rep•1hlic of Korea and Thailand) ac
counted for 72 per cent of the total catch and 90 per cent 
of the increase in the catch of all developing countries. 
At the same time. Africa has an extremely small indus
try. 

Developing countrie~ do not profit from the richest 
fishing areas. which are usually in the northern hemi
sphere. They are also confronted with access problems. 
Indeed. the 10 richest countries in the world dispose of 
36.5 per cent of coastal areas das'iified as exclusive eco
nomic zones. a'i compared with 1.8 per cent for the 10 
poorest countries. But the deficiency of the catching lleet 
often worsens the situation. Indeed, in developing coun
tries. small hoats are commonly used, hut face prohlems 
such as lack of repair and maintenance, the aho;ence of 
credit etc .. and incur important lo'ises during carriage. 
From a human point of view, I~ million person' work in 
developing-country fisheries, often with training pn.h
lems. Nevertheless, some countries such as Chile, M;1u
ritania and Senegal, have succeeded in creating an indus
lrial neet. 

Another m;ijor prohlem of developing countrie' i' the 
need to move to higher value-added producl\. In spite of 
examples o;uch as Argentina. Indonesia, Morocco and 
South Africa, canning factorie'i are often scarce in !hose 
countries. Many impediments exist, including availahil
ity of capilal. prohihitive costs of importing cans, lower 
quality of oils elc. Nevertheless. the canning factories 
could expand in those countries, as lhe industry is gen
eraliv lahour-inleno;ivc. Frec1ing facilities are o'.'ten 
scarce in those countries, with specific handicaps such as 
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tiic lack of fish tanks. of isothermal containers. of refrig
erator:; and of i"·e. Since the drying and salting industry 
requires only small investment it is often prjc!ised in 
developing countries by small-scale producers. However. 
they are confmntc:J wilh problems such as lhc deficiency 
of salt supplies and poor 4uali1y in packaging. The fish
meal industry has spread to only a few counlries. includ
ing Chile. Peru and South Africa. bul it is capital- rather 
than labour-inlensi\·e. 

Fish and shellfish exports have grown enormously in 
developing countries (see figure IV.10). In 1990. they 
amounted to $16.3 billion. compared with only $6.7 bil
lion in 1981. A high concentration could be found; the 
first IO exporters. including Thailand. China and Repub
lic of Korea. accounted for 60.2 per cent of seafood trade 
of developing countries in 1990. In value. three quarters 
or the trade constituted high-value products (crustaceans 
and molluscs. fresh. chilled or fm7.en fish). In con1ras1. 
canned fish represented only 17.5 per cent of develop
ing-country exports in 1990. industrial products. 5.8 per 
cent, and dried. sailed or smoked products. 1-7 per cent. 

Agure IV.10. Seafood exports by developing 
countries and areas, 1990 

ReputJlic: d Korea 
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Soorar: Food and Agriculture Orgamzallon of lhe Unrted Nations. 
YeartJook of Fishery Statistics. Products (Rome. 1992) 

Developing counrries consumed 51.8 per cenl of 
world seafood produclion in 19:N. compared wilh only 
JR.5 per cent in 1961. Rut this consumption remains 
unequally dis1rihu1ed. Indeed. lhe fir,: five consumers 
(China, India. Indonesia. Repuhlic of Korea. Philippines) 
represent 50 per cent of lolal consumption. In 1989, per 
capita consumption reached 9.1 kilograms for develop
ing countries as a whole. hut in several counlries. per 
capita consumption was either exrremely low ( IOO grams 
in Erhiopia. RO grams in Bolivia), or exlremely high (52 
kilograms in Republic of Korea. 42.J kilograms in Fiji. 
35.5 kilogram~ in Congo). Moreover, regional distortions 
are also frequent. In India. 95 per cent of all fish is 
consumed in the coastal wnes. These markets arc lit1le 
open to imports, accounling for only 12.R per cent of 
world foh and shellfish imports in 1990. Be~ides !long 
Kong (22.1 per cent). the major importers remain Thai
land ( 15.R per l·ent), Republic of Korea (7.J per cent) 
and Singapore (7 .2 per cent). However, the imports of 
China amount to less than 7 per cent of the imports of 
Spain, Latin America does not import more than Nigeria, 
and Africa imports less than Hong Kong. 1 lalf of the 
purchases are of fresh, chilled or fro1.cn fish. and 20 per 
cent are crustaceans or molluscs (fresh. chilled. frozen, 
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dried or salted). The last :u per cent i; equally distrib
uled between industrial products. canned anJ dried. and 
salted or smoked products. 

6. Trchnological and "ological trrnds 

From catching to processing. the fish and shellfish 
industry inmlves a very high le\"el of spoilage. Indeed. 
given the low selectivity in fishing. each year some 15 
million tonnes of unwanted fish are discarded. To this 
spoilage. which constitute'> an enormous threat lo the 
environmenl. can be added losses resulting fmm tr.ms
port ( 10 per cent) and processing (50 per cent). Discards 
are ma.o;si\·e for some species (anglerfish. hogfish, scal
lops. crab. etc.) and some processes (fillets etc.). Some 
c•.mntries have already attempted to make a stand against 
lhese losses. In Norway. discarding is forbidden. In Ja
pan. the remains (heads. fins. viscera) are processed to 
provide consumable product~ (pates. sausages etc.). In 
France ... false fish'" (species in limited demand. fish of 
small height etc.) are used for making hydrolysate. In the 
U ni1ed States. scraps are recovered to make fish concen
tr~tes. 

Aquacultural companies often pollute the environment 
1hrough different forms of discharges. In many countries 
and areas (Indonesia. Taiwan Province. Thailand etc.). 
shrimp-farming has already created heavy problems. 
Though numerous techniques allow for the treatment of 
discharge. in the case of the shrimp-farming. chemical 
me1hods remain ineffective and physical techni4ues (fil
tration) are still too expensive. However. new biological 
methods are being examined in. for example. Hawaii and 
Thailand with a view to the use of seaweeds and mol
luscs to fix wastes. 

In many countries. Governments already re~ulate pol
luting activities in order to protect the environment In 
1990. Denmark decided to forhid new farms. In lhe 
medium term, the protection of the environment will 
prohahly become a priority for farms and processing 
companies. which continue lo discharge their wastes on 
land and in water. 

Another important ecological problem which is he· 
yond the scope of this study is the overfishing of whales. 
Certain species like dolphins are important for lhe role 
they fill in the ecological chain. Overfishing simply re
sults in the depletion of a stock and its evenlual disap
pearance. Countries such as Japan and Norway need to 
develop educational programnaes in this rt>~pect. While 
many natural species have provided food with interesling 
navm.r. many of them have disappeared. The educa-
1ional process helps in the decision to d1ange eating 
hahits in order to prevent the elimination of a species. 

7. Shor;. and mrdium-tum outhmk 

(a) ConJumption 

Given a yearly growth of 2 per cent. world fish and 
shellfoh con-;umption could cxr;eed 110 million tonnes 
hy the end of the cenlury. If the world population in
cre,1ses to 6.1 billion inhahi1an1s hy the year 2000, this 
means a demand of more than 100 million tonnes (in
cluding 25 million tonnes of fish-meal) rnore and more 
locali1.ed in developing countries, which account for 78 



per cent of the world·s population. Moreover. if income 
growth is taken into account. the consumption pe-r inhab
itant could increa~e hy I kilogram each decade in deve!
oping countries (and pmhahly mm~· in llevdoped i:oun
tries). In this context. world fi,h and shellfish rnnsump
tion could ell,·eed 110 million tonnes in the year 2000. 

(h) Production 

With const;mt prices. production could easily meet 
consumption needs. But this dc.-per!ds on increased pro
ductivity and less wast.ige. In OECD countries. marine 
areas seem fully exploited. but in the Indian Ocean and 
the South Pacific. some new re!'ources could be ex
ploited. Some geogr.iphic areas present larger potentiali
ties. and inland catches could increase heavily in Afrii:a 
and Latin America. 

Traditional crustaceans and demersal spei:ies are now 
fully exploited. Aside from pe-lagics. which are subject to 
fluctuations in catch. only krills and cephalopods seem 
able.- to support greater expioitatiun. Indeed. cephalopod 
resources have been estimated at 200 million tonnes. 
Their use could increase i;1 human consumption. or they 
could be processed into fish-meal to substitute for 
pelagics. which are more useful for direct human con
sumption. 

Technical progress in searching methods or in deep 
fisheries could also open new perspectives. Indeed. the 
bigeye tuna remains abundant down to 600 metres and 
deeper; down to 1,500 or 2,000 metres other usable spe
cies can also be found. In any case, catches will not 
increase without appropr:ate administrative policies. 
That implies a stricter definition of total admissible 

cat~·hes. a more careful knowledge of marine ecosys
tems. a stronger control of vessels. a real fight against 
pollution. an extension of restocking policies. more fi
nancial tr.insfe~ in favour of developing countries etc. 

The growth of the world supply will also require a 
better use of catches and es~ially a ~overy of wastes. 
Only aquaculture allows a long-term increase in world 
seafood supply. A comparison of potential yields is re
vealing: 200 to 500 kilograms per hectare per year for 
bovines. compared with 3 to 8 tonnes for fish and shell
fish. Aquacultural production could reach 20 million 
tonnes in 1995. and represent a quarter of the world 
supply (volume terms) in the year 2000. In the short 
term. government support will be neceso;ary for aqua
cultural development. the management of fisheries. the 
fight against pollution, and the restructuring of process
ing industries. This support will require greater interna
tional coordination. which implies improved organi1.a
tion of markets, regulation of high-seas fisheries and 
further assistance to developing countries for fisheries 
projects. 

C. Market pulp (ISIC J41 IOl-J41116)• 

I. Recent trends and current condiJions 

Market pulp is an indicator of the cost 01 fibre, which 
is in tum the main factor cost for paper- and board-mills 
around the world, as shown in table IV .20. About 92 per 

•UNU>O acknowledges 1he conlribuiion or John Peanon. Pulp and 
Paper ln1ema1ional. 

Table IV.20. Productioo ol market pulp bJ grade aad regioo, 1991 
(Thousand 1onnes) 

[\;orlh Lalin 
Grade America Europe America Asia Africa Oceania!/ Tola I 

Bleached sof1wood krari 8 69S 3 489 734 91 15 122 13 206 
Bleached hardwood krar1 3 1S2 4 203 1 789 1 168 171 10 483 
Semi-bleached sohwood krart 319 141 30 28 SIB 
l.:nbleached sof1wood kraf1 S64 S22 382 2611 160 140 2 036 
l.:nbleached hardwood kraft 27 19 21 67 
Dissolving, bigh·alfa krar1 628 23 13 664 
Bleltched sof1wood sulphite S42 1 2S6 22 26 I 846 
Bleached hardwood sulphile 372 372 
Semi· bleached sof1wood sulphile 12 12 
Unbleached sohwood sulphile 232 1 233 

Dissolving. high-alra sulphite 998 302 2 185 43S 1 922 

Slone groundwood 4S 371 416 

Refiner mechanical 80 34 10 124 
Chemi·mechanical 70 70 

Thermomechanical 112 4S 151 

Chemi· lhermomechanical 870 338 58 116 I 382 

Scmi·chemical 213 40 2S3 
Soda 49 49 

Bagassc 2S 48 3 76 
Collon lin1c:n 16S 40 205 
Espario 41 41 

SI raw 12 8 20 

Olhc:r non·wood 3 116 119 
De· inking 106 85 191 

01 hc:r rc:cyclc:d 12 2 14 

TOTAL 16 288 11 792 3 124 1 963 893 416 34 476 

.'in11r<:~: Pulp and Paper ln1crna1ional, Markn Pulp Survty 1991 (Rruucls, Miller Freeman, Inc., Augu11 1992). 
1/ Excluding Australia and New 7.caland. 

Percentage 
share: 

38.30 
30.41 

I.SO 
S.91 
0.19 
1.93 
5.JS 
1.08 
0.03 
0.68 
5.51 
1.21 
0.36 
0.20 
0.46 
4.01 
0.73 
0.14 
0.22 
0.59 
0.12 
ll.06 
0.35 
0.55 
0.04 

100.00 

1.55 



cenl of lhe 3~5 million lonnes of markel pulp pro<luced 
worldwide in I lN I was chemical wood pulp; or pulp 
manufa1..·tured by the chemi.:al treatment of wood. r.tther 
than by grinding. Some 7X per cent is so-.:alled kraft 
pulp. made by cooking w111lll in -.ulphate (alkaline) solu
tions; sm:h pulps are pri1ed for their high fibre strength. 
Sulphile pulps an<l semi-.:hemi.:al pulps ac.:ount for the 
resl of chemical pulp output Most of these chemical 
market pulps are u~d for paper-making. Just X.2 per cent 
of lhe pulp output is used in other applications such as 
tell.lites. Mechanical w1xlll pulps. ma<le by grinding. are 
a far less imporlant input. ilCl'ounting for only 6.2 per 
cent of total pnlllm:tion. The dominanl grade is chemi· 
themtomechanical pulp. in which w1xlllchips are treated 
by heat and chemicals before grinding. The remainder of 
the market is made up of speciali1ed fibres. such as non
wotlll pulps and some waste-paper pulps. The lauer are 
becoming increasingly popular as environmental pres
sures for recycling grow in developed countries. 

As shown in figure IV. I I, Canada and the United 
Stales pnllluced most (45.2 per cent) of the world output 
of pulp in 1991. The outpul of other countries appears in 
table IV .21. Among de\·eloping countries. Brazil. with 
5.8 per cent of world output in 1991, is especially impc>r
tant, as is Chile with 2.1 per cent. More recently, the 
Indonesian industry has been increasing in bolh capacily 
and oulpul. 

Figure IV.11. World market pulp production, 1991 

Source: Pulp and Paper lnlernaroonal. Fact and Pnce 8ool< 1993 
iBrussels, Moller Freeman. Inc .• 1992). 

2. lnternalional trade 

The biggest imporlers of market pulp are developed 
countries. Western Europe is the bigge~t consumer, im· 
porling 12.9 million tonnes in 1991. out of the 24.3 mil
lion tonnes traded internationally. The largest exponers 
are also among developed countries. However, develop· 
ing countries have been aided in their penetration of the 
pulp market by the availability of fa~t-growing plantation 
forests and low labour cosh. Typically, wood account~ 
for 50 per cent of total operatirg expenditures; hence 
countries thal can grow wood 10 maturity in short periods 
have an advanl:rge over their competitors. Rr;11il has 
progressed mosl with the drvelnpment of eucalyptus 
(hardw1x1d) plantations with a cycle lime of ~ix to seven 
years. Similar grnwin~ condition~ for this species exist in 
Argentina, parts of Chik, Indonesia, and parts of Africa. 
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Table IV.21. Productiua ol marlr.et pulp, 1990-1991 
(Thousand 1onncs) 

Productton PcrC'cnlage 
Region. counlry or area 1991 share 

Dn'f:lo~d C'o11naus 
t:nitcd S1a1cs 7 982 22 9 
Canada 7 7fS9 22.J 
Sweden J 371 9.7 
former t:SSR1'' 2 000 5.7 
Finland I 575 4.5 
Por1 .. gal I 315 3.8 
hpan 954 2.7 
France 781 2.2 
Spain 744 2.1 
:'\orway 597 1.7 

~·eloping counmes 
Brazil 2 039 5.8 
Chile 740 2.t 
Taiwan Province 320 0.9 
Argentina 250 0.7 
China!/ 245 0.7 

A. :'\orth America 15 771 45.2 
Weslern Europe 9 577 27.5 
Easlern Europe 2 785 8.0 
Japan 954 2.7 
01her 591 1.7 

Tolal. A 29 678 85.l 

8. Lalin America 3 234 9.J 
Asia 
Ccnlrally planned economics 
(including China) 245 0.7 
~arkel economics 888 2.5 

Africa 815 2.3 

Toral. 8 s 182 14.9 

Total, A and B 34 860 100.0 

Source: Pulp and Paper International, Fact and Price Book 1993 
{Brussels, Miller Freeman, Inc., 1992). 
!i Esrimatcd. 

Chile has been a pioneer in softwood production; its 
radiata pine plantations typically reach maturity in 
24 years. Fast-growing trees are, however, only parl of 
industry requirements. The fihre pulp produced must 
meet specific demands of the paper makers. Tradition
ally, softw111xl fibre of the Nordic and Canadian regions 
has been regarded as the highest quality availahle. None 
the less, developing countries possess an advantage with 
lower production costs, and there may well he a further 
drift of production capacity in that direction over the 
next few years. With high fihre costs, norlhern producers 
may seek higher-value applications for their lihre. Mar
ket conditions in 1992 were not favourahle; demand 
became sluggish towards the end of the year, and over
supply weakened pril'es. In addition, environmental con
cerns led many producers lo invest hcavil)' in new tech· 
nology at the end of the I IJXOs and the first two years of 
the 1990s, resulting in heavy debts and a weakened com
pany structure. Despite these problem~. output prohahly 
grew marginally in many countries. Tahle IV.22 shows 
small percentage increases for 1992 over 1991. <1lthough 
lhe final increases may be higher. 



Prices for market pulp an: notoriously cyclical. 
Table IV.23 illustrates the current downswing that has 
de,·eloped in the major consumer markets of Europe 
since 1989. Northern bleached softwood kr.ift pulp is 

Table IV .22. Rece•t prodKtioa catiaatca 
ror .... pulp, 1991 

(Thousand tonnes) 

Production!/ Percentage 
Country 1991 share 

INvdopftl cOIUllTicJ 
United States 8 980 29.4 
Canada 6 98S 22.9 
Sweden 3 380 11-1 
Russian Federation!!/ I 9SO 6.4 
Finland I S40 s.o 
Portugal I 300 4.3 
Japan 930 3.0 
Spain 810 2.7 
France 800 2.6 
New Zealand 6S6 2.1 

On'rioping COllnll'ia 

Brazil 2 173 7.1 
CliitetV 800 2.6 
Argentina 253 0.8 

TOTAL 30 SS7 100.0 

Soun:~: Pulp and Paper International, Road to 
Recv1.~ is no Easy Climb (Brussels, Miller 
Freeman, Inc., 1993), pp. 33-41. 
1: Approximate figures. 
Iii' Estimared. 

Table IV.23. Mar:ilet pulp prica ill Europe, 1989-1993 
(United Statei; dollars per tonne) 

Northern bleached Southern 
Quarter sof;wood kraft pine Birch Eucalyptus 

1989 
I 810 780 708 710 
II 840 810 738 731 
Ill 840 810 814 801 
IV 840 810 89S 868 

1990 
I 840 680 767 772 
II 840 6SO 748 7S3 
Ill 800 6SO 703 697 
IV 77S 630 6S3 634 

1991 
I 71S 60S .~21 Sl6 
II 62S S40 486 493 
Ill S20 480 S41 S36 
IV 490 4SO S94 S90 

1992 
I 530 480 SSI S47 
II 550 S20 629 631 
Ill 600 S60 639 61S 
IV 500- 460- sos 436· 

540 490 472 

1993 
I 42S· 380- 487- 373· 

440 400 493 400 

Sauret: Pulp ind Paper ln1crn1tion1I, ThU Wttk (Brussels, 
Miller Freeman, Inc., 1992· 1993). 

considered ~he benchmark grade of the industry. but for 
completeness, the table includes three other grades. 
United States southern pine (softwood) pulp. northern 
birch (hardwood) and eucalyptus pulp (hardwood). At 
the end of the first quarter of 1993. a resolute attempt 
was being made by several suppliers to r.iisc prices again 
to restore the profitability of the producers. Industry 
soun..-cs thought that the rise might be accepted by the 
market, although recessions in some of the major 
consuming countries, especially in Central Europe. Ger
many and Japan. threatened to keep demand and prices 
weak (5). 

The persp--.:ctive is complicated by environmental pres
sure from consumers of paper in several major markel'i, 
which has forced producers to develop new grades of 
pulp. bleached without chlorine or chlorine chemicals. 
These pulps have higher production costs and carry a 
premium on the market. Typically this amounts to $71.6 
per tonne in Germany, as will be explained later. 

J. Capacity lllilivition aml expansion plans 

Again, because of the existence of swing machines 
.md tied tonnage, it is extremely difficult to give an ac
curate capacity utilization figure. However, the industry 
is believed to have operated at only about 81 per cent of 
its total capacity in 1991 (61. The period 1990 to the end 
of 1992 saw a number of new projects come on stream, 
but with weakening markets and low prices in that pe
riod, many plans for furtl:er expansion have been curbed 
until an upturn is foreseen. With so little definite new 
capacity coming on stream, there should be a chance for 
the market to recover its supply-demand balance. As 
shown in table IV.24, most of the new projects are being 
planned in developing countries. 

4. Manufacturing capacily of developing countries 

It is difficult to define precisely the production capac
ity for market pulp. Several mills have the ability lo 
swing between production for the market and production 
for neighbouring paper machines. Some pulp is also tied 
to the operations of particular buyers and, strictly speak
ing, doe~ not qualify ao; market pulp. Table IV.25 pro
vides best the estimates of market pulp capacity of sev
eral developing countries in 1992. Thus capacity is small 
compared to the world total, which is estimated to be 
around 43 million tonnes (71. The two leading countries 
in pulp capacity as reflected in figure IV.12 are Brazil 
and Chile. 

5. Restructuring and deployment 

The tendency for mill:o; in the North to move i11to 
higher-value added products will continue. Although 
currency 1evaluation:o; have increased the competitive
ness of these companies, in the longer term their fibre 
costs are likely to rise faster than those in developing 
countries. Some specialist:o; and dedicated market pulp 
producers will continue to guard their positions, but 
many others will seek refuge from the pulp cycle in 
higher-value-added products. In developing countries, 
too, there may be some drift towards integration. Brazil-
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Country 

Finland 

France 

Portugal 
Sweden 

Canada 

Table IV ..24. S- ftCCllt aacl pcopcsd .. rkt pelp 
capacity apauiou. 1992-1996 

Additional 
capacity 

Company (lh?usand tonnes) Status 

Enoccll, Uimaharju lSO Started up 
Melsi-Botnia, Rauma 400 Not before 1996 
CDRA, SI. Gaudens mill 120 Started up 
CDRA. Tarrascon mill 40 Started up 
Celbi, Figueira da Foz 360 Unlikely before 1996 
SOdra Skogsigarna, 
Monsleras mill 400 Unlikely before 1996 

Alberta- Pacific. Alberta 500 Starling up in 1993 
Cclgar Pulp. BC 220 Starting up in 1993 
Millar Western, Meadow 
Lake, Saslultchewan 200 Started up 

Shin Ho Canada, Ontario ISO Unliilely before 199S 
Tembec, Temiscaming ISO Started up 

United States Weyerhaeuser, Plymouth, 

Argentina 

Brazil 

Chile 

China 
Indonesia 

Thailand 

North Carolina 

Celulosa Puerto Piray 
Misioncs 

Massuh, Paso de Librcs, 
Corricnlcs 

Bahia Sul, Mucuri, Bahia 
CVRD 
Ccnibra, Minas Gerais 
Norcell, Bahia 
Rioccll, Guaiba 
Attisholz 
Celulosa Pacifico 

Qingzhou, Fujian 
lndah Kiat, Riau 
Inti lndorayon, Riau 
Riau Andalan, Riau 
Wira Karya Sambi, Jambi 
Tanjung Enim Lcstari, 
Suma Ira 
Phoenix Pulp 4 Paper 
Khonkaen 

125 To starl in 1995 

210 No date fixed 

120 Not before 199S 
2SO Started up 
soo Not before 1996 
350 To start in 1994 
420 Not before 1996 
320 Not before 199S 
80 To start in 1995 

3IS Started up 

ISO To start up in 1994 
400 Starting up in 1993 
soo To start up in 1996 
500 To start up in 1995 
3SO To start up in 1995 

410 To start up in 199S 

100 Starting up in 1993 

SOUl'C~: Pulp and Paper International, Capacilylnvatmmt Surwy (Brussels, Miller 
Freeman, Inc., 1993). 

Figure IV.12. Market pulp capacity In developing 
countries and area, 1992 

ian companies are already contemplating becoming ma
jor suppliers of uncoated wood-free papers to Europe 
and North America, based on their own eucalyptus pulp. 
Rather than build paper machines in their own country, 
some producers may seek partners in their major mar
kets. Some pressure may also be felt by Indonesia as 
capacity in the Asian region grows. 

Soun»: Pulp and Paper lntamatiOnal, MMfr., PtiiP Sutwy 19112 
(Bruuela, Miller Fraeman, Inc., 1993). 
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Overall, however, it seems likely that the centres of 
market pulp supply will continue to move south. More 
companies from developed countries will buy shares in 
plantations and market-pul:>-mills in the south as a 
means of protecting their fibre supplies. Examples of this 
are already occurring, Chile being the centre of attention 
so far Around the tum of the century, New Zealand may 
also become a centre for investment in pulp capacity (81. 
Its radiata pine forests, which will be maturing by then, 
will yield a quality of fibre similar to that of Chile. 
Another area with promise is Eastern Europe. Poland and 
the Cuch Republic both have ~me potential •o supply 
softwood kraft pulp to Germany, Europe's biggest mar-



Table IV .lS. Markt l*lp capl!City ia 
*=«lopieg C!IMlatrita, 1992 

Country 
or area 

Brazil 
Chile 

Market pulp 
capacity Percentage shaR 

(thousand tonnes) of world total 

2SOO S.81 
I 000 2.32 

Taiwan Province 460 1.07 
Indonesia 3SO 0.81 
China 28S 0.66 
Argentina 26S 0.62 
Swaziland 180 0.42 
Thailand 130 0.30 

World 43 000 100.00 

So#Kr: Pulp and Paper International, "rladrlf Pulp 
SflMY 1992 (Brussels. Miller Freeman Inc .• 1993). 

ket. However. lhe operational cost advantages of lhese 
countries may be outweighed for a long time by lhe 
heavy invcslmcnt needed to rebuild lheir old and ineffi
cient mills. It should also be recognized that recently 
developed solvent pulping methods could. if Ibey l'fOVC 
successful. allow small but competitive markct-pulp
mill'l to be built in many locations around the world. 

Finally. lhe restructuring or lhe market pulp industry 
could also be given impetus by government action. In 
particular, if lhe European Community begins a subsi
dized programme to plant trees in order to take agricul
tural land out of production; lhe stimulus would CltiSt to 
build new. competitive mills. 

6. Technologieal trends 

Besides lhe advances being made in the cooking pro
cedures mentioned abo,·c, another new technological 
change involves the "closed .. mill. that is. the closin& of 
the waler cycles of a mill so that no effluent is expelled 
from the production process. The process will take time 
to develop and may even prove impossible. Some com
mentators have seen chlorine compounds from the 
blC3Ch plant as the main obstacle to closing the loops, but 
others say that this ill not so (9). At least two major 
projects, one of them on a siit-month trial in Finland. 
have been conducted to assess future implementation. 

1. Environnunlal and en1r11 consilkrations 

Producer!! of market pulp arc having to react to the 
rapidly changing environmental concerns of their cus
tomcB, the paper makcB. The laner arc, in tum. re
sponding to pressure from paper users, often corpora
tions seeking an environmentally clean image. Much of 
the environmental debate has been led by pressure 
groups such as Greenpeace. which have had considerable 
success in changing public opinion. The market pulp 
industry hall been reactive ralher than proactive through
out. It is worth noting that the changes demanded by 
environmentali!it~ in manufacturing proceHc5 and prod
uce specifications are sometimes not based on engineer
ing factors. 

The levc; of environmental awareness also varies 
greatly from country to country. Central Europe. espc-

cially Germany. is acting as lhe tr~l-biazer. with North 
America and the Uniled Kingdom also becoming more 
-grttn-. Concern about such issues is more muled in 
developing countries. 

Broadly, there arc three main environmental concerns 
affecting this industry: forestry practices; bleaching and 
cffiuent management practices; and the derr.and for an 
increased level of paper m:ycling. 

(a} Forrstry practic~s 

Forestry practices centre on the following environ
mental issues: the use of old-growth forest for pulp and 
paper-making; lhe clear-cutting of large aieas or forest; 
lhe use of chemical fertilizers and pesticides; the 
sustainability of plantation fORSts of fast-growing spe
cies; and concern.or; for wildlife and the maintenance or a 
diversity of species in the forest.. 

For the pulp industry. lhese concerns have to be bal
anced against the need for cheap fibre. It seems certain 
that regulations restricting logging of old-growth forest 
will tighien in the Uniled Stales. Similarly. laws and 
guidelines for protecting rare animals and birds will be 
introduced. making fibre from some regions (nolably the 
Pacific Northwest) more expensive. 

Elsewhere, pulp companies will need to submit their 
forestry procedures to more public scrutiny. Setting aside 
"islands" of untouched native forests as nature reserves 
within plantations is one way forward which is already 
practised by some of the largest companies in Latin 
America. Developing new disease- and pest-resistant 
trees by genetic manipulation is also to be a priority in 
avoiding the overuse of harmful chemicals. 

Despile growing environmental opposition, plantation 
forests or fast-growing species will be a dominant source 
of fibre for the industry and will limit the industry's 
demand for land. Planting on unused wasieland. rather 
than replacing native forest, will make such plantations 
more acceptable. 

(b) Bleaching and ~ffli«nr manag~mrnr practius 

The focus of environmental con-;cm wilhin the pulp
mill has fallen on the use or chlorine and its derivatives 
as bleaching agents. Ever since minule traces of dioxins 
were found in pulp-mill emuenl in the mid-1980s, en
vironmental pressure groups have been engaged in a 
public relations campaign to eliminale all chlorine com
pounds from the bleach plant. This is despiie the fact that 
no solid evidence of harm to marine or land life resulting 
from chlorinated organic compounds has yet been con
firmed. 

Pulp producers responded 10 lhis criticism, first by 
introducing elementally chlorine-free grades, made with
oul the use of molecular chlorine. but still using some 
chlorine dioitide ac; a bleaching agent. Lately. totally 
chlcrine-free grades have been developed. U5ing a range 
or alternative bleaching chemicals including hydrogen 
peroitide and 01.one. Today, the brightness of these pulps 
is approaching that of chlorine-bleached pulp. and such 
grades sell al a premium lo renect their higher produc
tion C05l,. 

II mu!lt be slressed that m051 of these changes have 
been driven by market forces. Whether they have had lhe 
effect of improving the cnvironmenl is debatable. It is 
also unclear which bleaching chemical~ will eventually 
supersede chlorine i:ompounds in the future. Although 
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ozone is currently showing promisc. a number of othtt 
chemicals are u!Kkr investigation. 

It is equally important to ooti'--e that the demand for 
bleaching chemicals depend" on the stages of the pulp 
line which pm.-ctk the bleach plant. The initial '-·ooking 
pl'O'-"'CSS. in which the lignin which binds together the 
fibm. is dissolved in a chemical solution. is '-"'fUcially 
important. It is the lignin that gives pulp its brown '-"'lll
our. Thc more lignin removed in .:ooking. the lower the 
demand for ble:iehing chcmic•ds. 

New cooking technology. both batch and continuous. 
is allowing more lignin to be removed early in the pro
cess without impairing the strength of the fibres. Thc 
installation of an oxygen treatment stage after cooking 
also permits more lignin to be removed. again reducing 
the bleaching chemical demand. 

While the industry has rea'-"'ted fast to the need for low
chlorinc and totally chlorine-free pulps. new research is 
showing that some natural compound"> present in the tree 
itself may be harmful to the envimnment if rcle~ with 
mill effluent. It seems essential that the research begun to 
solve the chlorine Mproblem" should eventually lead to 
cffiucnt-fn.-c pulp production (sec below). Unfortunately. 
the low profitability of the industry at present may ham
per this development for several years. 

(c) Demand for increased recydin.r: 

Iii developed countries. wa.'\te disposal is becoming a 
major problem because of the exhaustion of available 
landfill sites. Since paper can form up to 40 per cent by 
weight of the tra.'\h going to landfill in countries such a."> 
the United States. a movement to cncouragr more recy
cling ha.'\ started. Potentially. this could change the role 
of the market pulp industry. The world currently recov
ers 37 per cent of the paper and board it consumes in 
recycling. Roughly 37 per cent of the materials used for 
paper making worldwide arc made up of w;tstc. But there 
arc enormous differences O!mong countries. In the United 
States in 1991. for example. ju .. ! 30 per ccn: of the raw 
materials used in paper making wa."> waste. In the Neth
erland">, it wa.'; 66 per cent. 

The danger confronting market pulp producers is that 
Governments will mandate the use of recycled fitir~,. to 
solve the landfill crisis. If legislation dcmanc•;ng mini
mum contents of re.:yded fibre for printing papers were 
:o he passed. for example, the effect on the industry 
would undoubtedly be significant. It is not possible yet to 
'-'ffer precise figures. 

Again. there is a concern that recycling legislation will 
not necessarily aid the environment. For example. the 
chemical pulp process is energy-self-sufficient. wherca"> 
energy has to be put into slu!ih waste-paper. and this will 
often be generated from fo!isil fuels. Also, sim:c fibres 
cannol be recycled indefinitely {the maximum is five 
times). a fresh now of fibre will alway!'> he required. 
Legislation could tamper wi1h thal need and cause diffi· 
culties for paper makers in maintaining product specifi
cations. 

II. Short· anti m'tlium-tum outlook 

II seems lhal lhc hollnm of the cycle has ~en reachC'J, 
and that markel pulp producers i:an expect a recovery in 
economic condition~ over lhe next few years. Much will 
depend on how fosl economic ~rowlh rei:nvers in devel
oped rnunlrics. A c:o;~tinuing rece~-.ion in the European 
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Community and Japan would mean that efforts to raise 
prl'-"eS would not be suc'"-essful. While foll recovery is 
likely to arrive during 1994. the industry will '-·ontinuc to 
experieO'--e its boom and bust cycles. It is likely that 
developing \."'llUntrics will play a stronger rule in this 
industry. and that Latin Amcri.:a and Indonesia will in
crease their importall\.-c as fibre suppliers in the medium 
term. 

Prcs.">U['l"S on the industry to respond to the concerns of 
environmental groups arc likely to '-"OOtinuc. It seems 
likely that totally chlorine-free pulps will eventually be
come the norm. but thal lhe closing of the mill will not 
be achieved until the end of the decade. Thc focus for 
market-pulp-mills towards the management or fibtt rc
soun:es and the challenge of recycled fibre may well 
occur in thr interim period. 

D. Copprr proc:esUng 
(ISIC 3720041-3720042)• 

I. R'c~nl '"tuls anll crunnl conditions 

Copper production can be defined ir. tc.:ms or mine 
production of copper ores and concentrates, smelter pro
duction or refinery production. A substantial proportion 
of total world production of copper in each of these 
forms enters international trade. While some countries 
may produce and consume similar quantitic-., many arc 
either large net importers or large net CAportcrs. Most 
copper is consumed in the production of semi-m.·mufac
ture"> (wire. rod. bar. lube etc.) which arc further pro
ccs.'>Cd before !heir ultimate exploitation in industrial 
applications. Some is used in the production of ca">tings, 
and some in the production of copper compound'\. A 
high proportion of copper is nominally unalloyed. 
though it may contain small quantities of other clcmenl">, 
but some is alloyed. mainly into brasses and bron7.es that 
have engineering properties superior to those of 
unalloyed copper, for the applications in which they arc 
used. 

A range of highly speciali1.ed processes arc involv~d 
in the production of copper. A brief summary is pre
sented here. Ores mined by conv.!ntional method'i arc 
generally passed either to concentrators or leach circuits. 
according to their mineralogical composition. Sulphide 
concentrates, sometimes supplemented by cement copper 
obtained from the leaching of oxide ores. arc smelted to 
produce blister. Subsequently. blislcr is refined to com
mer:·ially pure mclallic copper. usually by electrolytic 
refining to produce cathodes and, less commonly. by 
fire-refining. Ores treated by leaching procr">ses yield 
liquors which can be processed in clcctrolyli.: cells to 
produce electro-won calhndes. 

Mining and concentrating are usually undertaken at 
the mine ">ile. Conccntrales arc often shipped over .ong 
distances 10 smeller anrl rclincry opcralions, and substan
tial quantities enter intem.11ional lradc. While a high pro
portion of hlister is refined at the same site, some quan
tities are shipped over long distancC''I tn di•lant refineries. 
The outpul of copper refineries i!i 1J'IU 1lly sold in the 
form nf cathode" or other 'haprs to mills, foundric~ and 

•1 INll>O a<·kno11. It'd~'' lhc """'"""'"'" nf ... rnn<lh Stanford, 
Mf'l111/ur/(1tl. l'MJ lnlrrnalloMI 1'11hh..al1on• I.Id. 



chemical plants fo:- the prodU\."1ion of semi-manufactures. 
castings and l"tlppcr l"tlmpounds. 

There is l"t>Dsidcrable vertic;il integration between the 
pruducers of relined copper. semi-manufaclures ;ind fab
ric;iled pmJucL">. espcci;illy in Levdopcd countries. Tar
iff barriers designed lo pmtcct fabric;iling industries in 
countries that historic;illy import un~·roughl refined l"tlp
per 3!"C sa.id lo have inhibited the dcvelopmcnl of copper 
fabric;iling industries in less developed countries where 
refined copper is produl-cd. 

(a} PmJu,·tion of copfWr orr 

Mine production of copper cont;iined in ores and l·on
centrales incrca.'>cd from 2.53 million tonnes in 1950 to 
7.67 million tonnes in 1974, the pe;ik yeM of production 
before the ste3dy growth of production ;ind consumption 
of copper was halted by the effects of the first oil-price 
increa">C. For almost 3 qU31'ler of 3 l-Cnlury. production ,Jf 
copper increa'>cd at a compound annual rate of 4.7 per 
cent. Since 1974, the rate of increa.">C has fallen, but mine 
production has nevertheless continued to rise. By 1989, 
il rose lo 9.10 million lon~s. but in 1990 it fell to 9.02 
million tonnes, before recovering to 9.17 million tannes 
in 1991. An important factor contributing to the relative 
stability of total world production has been a reduction in 
lhe estimated production in the former USSR and Ea">t
em Europe. Some of this reduction accurately reflect"> 
the industry disruption resulting from the difficulties 
faced by those countries since the late 1980s. Since the 
peak level of production of 7.67 million tonnes in 1974, 
despile three severe recessions in the e.:onomies of the 
major developed countries, the production or copper has 
risen at a compound annual rate of I.I per cent. 

Produclion of copper in all major countries where 
C•'j•per ore is mined is shown in table IV.26. While the 
tolal ,.eport:d may indicate a fairly steady progression in 
most coun1ries, it also reflects the impact of a number of 
notable changes that have taken place in individual coun-

uies. In the United States. for eumple. the 1970s and 
1980s were an extremely difficult period for copper 
mines. In 1970. pmJuction was over 1.56 million tonnes: 
and although this total was almost rc3':hed again in 1973 
and in 1981. it 'Nas not exl-ceded until 1990. Whereas in 
1970. the United States produl-ed more copper in ~ 
and corn.-cntrates than any other country. by 1989 its 
level or output h:ld been overtaken by Chile. where pm
dUl"tion much more than doubled since 1970. Production 
in Chile fell slightly in 1990, but by 1991 it had risen 
strongly to 1.81 million tonlk.'S, exl-ccding United States 
production by 180.000 tonnes. The level or pmdU\."tion of 
copper in Chile increased by over 450.000 tonnes silk.-c 
1985 as a result of the introduction of a much more 
enlightened system of regulation. 

(b} Production of rrfined copfWr 

World pmduction uf refined copper rose fmm 3.19 
million tonnes in 1950 to K.90 million tonnes in i974. 
Like mine and smelter producti~n. ils irowth rate has 
slowed down since then, but nevertheless shown a sub
stantial increa.">C. As shown in table IV.27, total produc
tion of refined copper in 1989 wa."> estimated at 10.8 
million tonnes, which reflected an average annual rate of 
increa">C of 1.3 per cent since 1974. This increa">C took 
place between the peak of one cycle of economic growth 
and the peak of another subsequent cycle. Figure IV.13 
provides a glimpse at refined copper l'(msumption in 
individual regions. 

(c) Production '>f semi-manufacturrs 

Principal consumers of copper refinery products are 
wire-mills and brass-mills, where cathodes or other refin
ery shapes arc remelted, either alone or with alloying 
elements. ca">l to shape. and hot- or cold-worked into 
semi-manufactures. including wire, rod. tube. plate. sheet 
and strip. Wire-mills consume principally cathodes and 

Table IV.26. World mille prod.cliom olcoppcrOR, 1917-1992 
(Thousand tonnes) 

Economic gmuping. 
region or country 1987 1988 19119 1990 1991 199l 

Africa 
Algel"ia 0.2 
Botswana 18.9 24.4 21.7 20.6 20.6 21.1 
Congo 1.3 l.O 
Morocco 14.3 13.9 l".I IS.3 14.2 lS.6 
Mo1ambique 0.2 0.1 0.4 0.1 
:'liamibia 36.7 39.4 30.8 32.S 3S.O 33', 
Sourh Africa 197.1 192.1 196.6 196.8 193.0 ~-10.6 

Zaire soo.o 46S.I 440.6 3SS.S 291.S 174.9 
7.ambia S27.0 _.76. I SI0.2 496.0 412.4 432.6 
Zimbabwe 18.8 16.I IS.7 14.7 13.8 10.7 

To11I, A I 314.S I 228.2 I 230.1 I 131.S 980.S 879.1 

Asia 
Cyprus 0.1 0.3 0.7 o.s 0.2 0.1 
India S4.I Sl.S SJ.J Sl.6 S0.4 61.3 
lndonnia lOS.3 12S.9 148.6 169.S 211.7 291.S 
Iran (Islamic Republic of) 40.0 Sl.O 68.0 60.3 83.4 IOS.4 
Japan 23.8 16.7 14.7 13.0 12.4 12.3 
Malaysia 29.'> 22.0 23.6 24.3 2S.6 28.4 
Myanmar 10.6 4.7 s.o 4.4 s.o 4.8 
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Table IV .26 I conti11Mrt1: 

Economic croupin&. 
rc&ion. country or area 1987 1981 1989 1990 1991 1992 

Oman 16.9 18.1 16.6 13.7 13.S 13.S 
Pbilippines 216.3 218.1 193.l 182.3 141.3 123.3 
Republic: ol Korea 1.7 0.1 0.1 
Turkey 2S.8 36.2 4S.4 39.8 3S.S 36.0 

Total, B S24.S 544.6 S69.0 SS9.S S86.0 676.6 

Nonlt A1110ica and Latin Antoica 
Argentina 0.4 o.s 0.7 0.3 0.4 
Bolivia 0.2 0.3 0.2 
Bra.i:il 40.3 44.8 44.4 36.S 37.0 37.2 
Canada 802.2 776.S 723.l 793.8 7'J7.6 816.4 

Cbile l 418.l 1 4Sl.O 1 609.3 l S&l.4 1 1114.3 l 920.7 
Colombia 1.4 0.3 3.3 2.1 
Mnic:o 230.6 279.4 249.3 291.3 Z67.0 27S.l 
Peru 406.4 298.3 364.2 317.6 37S.3 368.i 
United Stales l 243.6 1 416.9 1 497.8 l S87.2 1634.4 1 7S7.9 

Tolal, C 4 143.0 4 267.6 4 489.1 4 61S.6 4 929.3 s 177.S 

Ocmnia 
Australia 232.7 238.3 29S.O 327.0 320.0 309.8 
Papua New Guinea 217.7 218.6 2040 170.2 204.S 193.4 

Total, D 4S0.4 4S6.9 499.0 497.2 S24.5 S03.2 

Wamn&n¥ 
Federal Republic: ol Gcrmaayll l.S 0.7 0.1 
Finland 19.8 20.2 14.S 12.6 11.7 10.3 
France 0.3 0.3 0.2 0.3 0.3 0.2 
Grcc:c:c 1.0 
Norway 22.0 lS.9 16.S 19.7 17.4 12.3 
Portugal 1.1 S.2 103.7 1S9.7 1S7.3 146.6 
Spain 16.3 18.1 27.7 lS.4 10.0 10.8 
Sweden 84.7 74.4 69.S 73.S 80.S 811.7 
United Kingdom 0.8 0.7 o.s 0.9 
Yugoslavia 111.0 88.0 118.7 119.0 113.4 88.9 

To1al, E 257.7 223.6 3Sl.6 391.S 390.8 3S7.8 

To1al, A, B, C, D and E 6 690.1 6 720.9 7 138.8 7 204.S 7 411.8 7 S94.2 

Mon1hly averace SS7.6 S.S9.6 S9S.O 600.4 617.6 632.9 

Ftln'Mr cnurally planNd «onomia 
Albania 14.9 14.9 16.7 13.? 8.0 

Bulgaria S4.0 .so.o 38.8 32.9 47.3 
Czechoslovakia 5.2 4.8 4.4 3.6 2.6 
German Dc:mocralic Republic: 10.0 6.4 4.5 3.6 
Poland 438.'J 441.0 38!1.0 329.3 32'>.3 
Romania 38.0 40.0 46.9 31.7 27.0 

t:SSR I 010.0 990.0 9.SO.O 900.0 

Cmtrally planMd Asia 
China 3SO.O 371.1.0 380.0 360.0 
Moncolia 120.0 121.6 123.4 123.9 120.0 

OtMr 
Cuba 3.5 3.0 2.8 2.0 2.0 
01her 12.0 12.0 12.0 12.0 14.0 

To11l, F 2 OS5.6 2 053.7 I 964.5 11112.2 

World, A. R, C, D, E and F 8 745.7 8 771.9 9 103.3 9 016.7 

Sourr~: World Bureau of Mclll S1a1i11ics. WMld Mnal Statistics. v1riou1 i11uc1 (London). 
11 0111 give .. ror uniricJ Ocrm1ny 1r1cr 1990. 

162 



Tabli: IV II. World pmd.ctioa al n:f"mal GJPllU, 1917-1992 
(Tbousand to:aacs) 

Economic grouping. 
region. couniry or aru 1917 1988 1919 1990 1991 1992 

Africa 
Egypt 4.0 4.0 -4.0 4.0 4.i) I.I 
South Africa 146..5 136.7 144.2 133.2 127.0 63..5 
Zain: 210.2 202.8 203.8 173.2 139.7 90.0 
Zambia 508.6 447.9 470.1 .na.6 423.7 231.9 
Zimbabwe 23.0 27.S 2-4.0 24.4 23.8 12.0 

Total. A 892.3 118.9 946.1 813.2 718.2 679.3 

AJio 
India 30.8 40.1 41.8 38.7 47.2 4).9 
Iran (Islamic Republic of) 30.0 32.0 -40.0 43.3 11.l 86.0 
Japan 980.3 9SS.l 989.6 1 OOl.0 1 076.3 I 163.9 
Oman lS.S 16.3 IS.3 122.0 11.4 14.1 
Philippines 132.I 132.2 132.2 125.9 llS.5 122.0 
Republic ol Korea 1S7.9 170.4 178.7 117.0 198.4 209.2 
Taiwan Province 47.0 43.3 43.2 16.l 
Turkey 7S.6 76.4 14.4 14.2 80.0 80.0 

Total. B 1 469.2 I 465.8 1 S2S.6 ! SIS.2 1 609.9 I 719.1 

Nanh Amtrica tllld lAllll Ammca 
Canada 491.1 S28.7 SIS.2 SIS.I S38.3 S39.3 
United Stares 1 541.7 1 852.S 1 9S3.7 2 017.4 1 99S.l 2 141.7 
Argentina 13.0 12.5 11.0 11.9 12.0 12.0 
Brazil 147.0 147.2 166.S 156.I 141.4 143.6 
Chile 970.3 1 012.7 1 071.0 1 191.6 1 228.3 1 317.4 
Mnico 130.0 137.3 143.9 ISl.9 !S3.9 1S2.2 
Peru 224.8 174.7 224.3 181.1 244.1 254.4 

To1al,C 3 S17.9 316S.6 4 08S.6 4 227.2 4 313.1 4 S60.6 

Ocftllfia 
Ausrralia 207.8 222.7 25S.O 274.0 279.0 28I.l 

Total. D 296.8 222.7 25S.O 274.0 279.0 281.1 

Wnrms~ 
Austria 32.9 38.4 46.3 49.7 S2.8 S4.3 
Belgium 407.S 3S4.3 329.2 331.9 297.6 306.1 
Finland S9.S S3.9 SS.7 65.1 64.S 69.6 
France 40.2 44.4 49.3 Sl.9 SS.1 S9.I 
Germany, federal Republic o(tf 399.8 426.4 47S.2 476.2 S21.7 S71.6 
Italy 6S.O 7S.4 83.3 83.0 83.4 83.S 
Sorway 29.4 31.7 3S.O 36.S 38.4 38.9 
Portu&al S.3 S.4 0.1 0.3 
Spain ISl.4 1S8.8 16S.7 170.6 189.9 180.8 
Sweden 91.9 90.3 94.6 97.3 96.6 100.0 
Uniled Kin&dom 121.3 124.0 119.0 121.6 70.1 so.o 
Yu1osl1via 131.9 14S.4 ISl.O ISl.4 134.2 110.0 

Total. E 1 S44.I I S48.4 1 604.3 I 63S.3 I 60S.2 I 623.9 

Total, A. B. C, D and E 7 631.3 7 921.4 8 316.6 8 464.9 8 S2S.4 8 864.0 

Monthly averaac 636.0 66.0 693.0 70S.4 711.7 738.7 

F- cmtrolly p/allMd «orwmin 
Albani• 13 0 IS.O IS.O 10.9 4.4 
Bulgaria S2.8 so.o SS.8 24.1 12.6 
Czechoslov1k1a 27.2 27.1 26.9 ~4.6 2S.3 
Germ1n Democratic Republic 9S.O 9S.I 93.6 S6.7 
Hungary 10.4 6.9 6.1 6.0 4.4 
Poland 390.2 400.6 390.3 346.1 l76.I 197.4 
Romania 40.0 41.0 33.0 3S.O IS.O 
USSR I 410.0 I 310.0 I 34S.O I 260.0 

163 



TaWc IV ..27 ( a1111inwd} 

Erooomic grouping, 
region. rouauy or area 1917 1911 1919 1990 1991 1992 

c-..a, ,.._,,Am 
China 4SO.O 460.0 470.0 sso.o S70.0 

Ot/wT 40.0 40.0 40.0 30.0 32.0 

Total. F 2 S21.6 2 SlS.7 2 47S.7 2 343_4 

World, A. B. C, D. E aad F 10 1S9.9 10 437.1 10 792_3 10 808.3 

s-tt: World Barcau ol Metal Statistics. World~ Saaislics, wariotas issues (Loadoa). 
tJ Data giYcD for Hificd Germany a£tcr 1990. 

Figure IV.13. World production of refined copper, 
1990 

Soult:e: World Bur-.. d Mm! Stalislica. Wclrfd ,.,. SlalilfN. 
v.ious -- (londlln). 

wirebars mainly in the manufacture of unalloyed copper 
wire. Brass-milis principally use cathodes. but are also 
major consumers of ingots and cakes in the manufacture 
of copper alloy rods, bars, sheet. slrip and plate. Tubing 
eiuruded from billets is mainly manufactured in torass
mills, but is predominanlly of unalloyed copper. 

Wire :nanufacture has been revolutionized in the pa.'t 
15 years by the successful introduction of new technol
ogy to produce continuous cast rod, an intcnncdiate in 
copper wire production. Whereas wire was mainly ex
tmded from wirebars, continuous cast rod is made by 
starting from cathodes, and this has altered the pattern of 
production and sales of refinery shapes. First developed 
in the 1950s, continuous ca.'t rod experienced rapid ca
pacity expansion in the 1970s t«i reach about 5 million 
tonnes per year by the end of the decade, ;:oncentrated in 
Western Europ::, the United States and Japan (10). 

The production of copper componenl' by casting from 
the molten metal is small in relation to the production of 
wrought semi-manufactures, including wire. tube, rod, 
plate, sheet, slrip. bar and sections. Copper used in this 
way is almo5t exclusively alloyed, often with small but 
esi;ential proportions of other elemenl,. Total production 
of copper-ba~ ca,tings is not a' well documented a, the 
production of copper semi-manufactures, but one source 
reports that production in 1990 wa' 841,433 tonnes, of 
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which a high proportion would have been copper [11). In 
addition these data indicate that the production of copper 
castings was greatest in the United States. followed by 
Japan. which produced about half as much ;a the foun
dries in the United States. The next largest producers 
were Italy and the Fcdc:ral Republic of Germany. Total 
production of copper-base castings, worldwide:. therefore 
is likely to have c:omumed over I million tonnes of 
copper in 1990. 

Bras.'iCS, and particularly red brass, appear to account 
for almost 70 per cent of United States castings but only 
about 45 per cent of German castings. All but 5 to 10 per 
cent of the rest are bronzes. particularly tin and leaded tin 
bronu:; the remainder are mainly low-alloyed copper and 
an expanding group of copper-nickel alloys. 

( d) Consumption of r~fiNd C"PfMT 

Since around 1910 consumption of copper refined 
from primary materials. with some supplemcr:tary feed 
from scrap. increaKCI from an average of les; than I 
million tonnes per year to an average of almost 10 mil
lion tonnes per year in the 1980s. Consumption first 
exceeded IO million tonnes in 1986, and by 1989 rose to 
nearly 11 million tonnes. Since then, the effects of the 
recession in major market economies, combined with the 
downward revision of estimated consumption in the 
fonner USSR and Ea.'tem Europe, have reduced the es
timated total consumption of copper in 1990 and 1991 fl} 

I0.79 and 10.87 million tonnes respectively. Further in
formation on consumption in these and other counlries is 
summarized in table IV.28. 

Since 1950, consumption of refined copper rose by an 
average annual rate of 3.18 per cent. while con"umption 
of scrap rose by only 2.3 per cent per annum. In the 
future, as increased supplies of scrap become available 
from the recycling of obsolete equipment, consumption 
of scrap may increase faster than the consumption of 
copper. which has been refined mainly from primary 
materials. Overall, copper consumption rose slightly in 
1992. with declining demand in Japan and Europe being 
offset by recovery in North America and continued 
growth in other emerging economies. Japanese market,, 
however, have suffered following the ran in induslrial 
demand. 

As 1993 progresses, recovery is expected to gain 
momentum and an overall increase of 3 per cent is fore
cast in 1993. The Japanese financial rescue package and 



Tai* IV ..l&.. W..W -pliaa of ldiMll cioppu, 1'17-1"2 
(llaoasand tonnes) 

Economic poupina. 
~ioe. country or area 1917 1911 1919 1990 1991 1992 

Africa 
Al&cria 
Egypt 6.3 6.S 6.0 4.2 4.0 4.0 
Sotatb Africa 72.2 7.S.S 71.1 67.6 63.0 61.6 
Zai~ 2.1 2.0 2.2 2.3 2.0 2.4 
Zambia 1.0 11.0 9.0 1.0 10.7 9.2 
Zimbabwe 10.0 10.0 10.4 13.7 112.0 12.0 
Other Africa 1.0 0.1 0.1 0.2 1.1 I.I 

Total, A 99.6 10.S.I 99.S 96.0 92.1 90.3 

Alia 
India 100.0 113.0 130.0 13.5.0 1.57.0 1.57.0 
Iran (Islamic Republic of) 20.0 34.0 31.0 40.0 .52.0 .S0.9 
Japan I 276.6 1 330.7 1446.6 1.576.S 1613.2 141.S.I 
Philippines 10.3 10.3 12.6 9.1 11.0 9.6 
Repub!ic of Korea 2.59.0 266.3 2.51.6 324.2 343.2 3.51.5 
Taiwan Pl'OYiacc 207.I 214.9 31.S.3 264.7 399.1 41.S.7 
Turkey 7S.3 93.7 101.0 108.9 91.1 91.0 
Other Asia 120.2 137.0 19.S.6 241.1 276.9 2n.o 

Total, B 2 069.2 2 199.9 2413.7 2 700.2 2 9.50.S 2 77.S.S 

NJ,r/I Ammca tllld Latin ~a 
Canada 232.3 236.3 211.6 114.S 115.1 17.S.O 
United States 2 126.7 2 20.S.9 2 203.5 2 l.S0.4 2 067.1 2 313.7 
Arseatiaa 63.9 44.4 26.1 23.0 24.9 24.9 
Brazil 239.2 176.2 117.5 121.7 170.I 117.0 
Cbilc 47.1 42.7 42.9 4.S.2 47.6 62.I 
Mc:•ico 123.6 120.4 133.6 127.2 131.l 127.0 
Peru 4S.7 31.2 33.0 30.0 29.0 21.1 
Other 30.0 27.2 12.1 16.0 24.6 24.1 

Total,C 2 909.9 2114.3 2 ISl.O 2 706.0 2 671.1 3 013.S 

Ocftllfia 
Australia 124.0 121.1 129.7 120.0 101.2 114.1 
New Zealand 1.4 I.I 0.9 4.7 2.6 3.7 

Total,D 12.5.4 130.6 130.6 124.7 103.1 117.1 

Watms&nlpr 
Austria 26.0 26.9 22.3 22.0 24.0 24.0 
Bcl&ium 291.1 317.1 376.0 319.S 372.0 329.1 
Denmark 0.1 0.3 0.9 0.1 
fin land 77.0 73.7 86.0 17.0 17.4 IJ.3 
France 399.0 408.9 4.Sl.I 477.6 411.2 472.0 
Germany, federal Republic o{I/ IOO.I 797.> 154.7 196.9 994.1 I 022.6 
Greece 39.0 44.0 Sl.O 53.7 4$..5 24.4 
Ireland 0.3 0.1 0.1 0.2 
Italy 420.0 44.S.O ~Sl.4 474.9 470.7 n:;.,, 
Netherlands 21.9 20.4 17.9 23.1 17.6 11.2 
Norway 1.0 10.0 12.0 1.0 1.0 IC.2 
Port up I 26.0 21.0 21.7 24.S 26.0 20.S 
Spain 131.4 13.S.O 14.S.9 146.1 156.0 154.6 
Sweden 91.3 104.6 109.9 117.2 113.2 IOl.4 
Switzerland 9.S 11.0 6.2 3.S 4.3 4.6 
United Kin11tom 327.7 327.7 324.7 317.2 269.4 301.2 
Yuaosla•ia 127.1 119.2 111.8 92.9 IO.O 64.0 

Total, P. 2102.I 2170.l 3 064.7 3 13.S.C 3 IS0.4 3 1'6.1 

Total, A, B, C, 0 and e I 006.9 I 190.0 I 636.S I 760.9 I 961.6 4 643.4 

Monthly avcraae 667.7 612.S 719.7 730.1 747.4 766.2 
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Tai* IV.21 (eo11tiltwdJ 

Economic grouping. 
~gioa. country or area 19&7 1911 1989 1990 1991 1992 

FonMT cnuroJly pla1ttlltd ~ 
Albania 12.I 14.2 13.9 10.1 4.3 
Bulgaria S6.0 S7'l S6.0 l2.I 17.7 
Cttcboslovakia 92.1 13.9 71.S 76.2 4-'.9 
German Dcmocraiic Republic 170.0 170.0 178.0 130.9 
Hungary 2S.I 23.f. 13.1 34.0 17.9 
Poland 246.4 241.I 21H.O 170.7 1S4.l 
Roma"ia 40.0 41.0 33.0 3S.O IS.O 
USSR I 270.0 l 210.0 1 140.0 1 000.0 

Cmnlly plamwd Am 
China 470.0 465.0 S28.0 S12.0 

Odtttr L4.0 27.0 27.S 32.S 34.0 

Total. F 2 407.1 2 340.S 2 3S1.7 2 033.S 

World. A. B. C. D. E and F 10 414.0 10 S30.S 10 988.2 10 794.4 

S-Cr· World Buruu or Metal Statistics. ltilrid 11&11 Statistics, vanoas issues (London). 
II Data giftn for unified Germany after 1990. 

an easing of the mlllCtary policy in Europe and the 
United States should boost demand. cspeciaily in public 
works programmes. which should prove metal-intensive. 
Allhough domestic copper consumption in some dr. ;el
oped countries may take time to recover, Western Eu
rope, which consumes 40 per cent of Western copper. 
and the emerging markets of Latin America. South-East 
Asia and WC.'itern Asia are expected to provide a strong 
market for North American. Japanese and Latin Ameri
can copper exports. 

China has already shown its strenglh as a copper con
sumer. With industrial production growing by up to 19 
per cent in the first hair of 1992. GDP growth in devel
oping countries is expected to reach 4 per cent in 1993, 
and a higher rate is likely in parts of Asia ar.d We...tern 
Asia, as living standards and infrastructure are improved. 
In the long term, it is estimated that as per capita copper 
consumption in Eastern Europe approachc.'i Western lev
els, demand should increase by an annual rale of 500,000 
lonncs by the year 2000. 

The long-term prospects for the industry ao; a whole 
are also encouraging. lntensily of copper use per capita 
in the Weslem world is once again climbing, having 
fallen in the early 1980s. Between 1973 and 1983, per 
capita con.o;umplion fell from 3.9 lo 3.2 kilograms, bul 
has now recovered lo 3.8 kilograms. Consumplion dala 
for other regions appear in 1able IV.29. Overall, 1hcre
fore, consumplion is expecled lo remain posilive as an 
increasing number of new counlries join lhc expansion 
phase of developmenl This should lead to robust growth 
during the mid-1990s, which should be~in lo be seen in 
1993. With such a posilive medium-lerm outlook, invest
ment interest is expected to remain high. 

(') CnpfWr priu.f 

As lhc major world economies start 10 recover from 
recession, the demand for copper will slrengthen, !hough 
this process is likely to he gradual. II is nol expecled 10 
lead to any large increase in lhe copper price. In 1993, 
the outlook is slill very much dependent on a pick-up in 
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Table IV .29. Per capita copper 
COM11aptiolt m Klccted 

-•tries, 1992 

Coun1ry 

Japan 
United States 
Russian Federation 
China 
India 

Per capita copper 
consumption 
(kilograms) 

12.26 
8.68 
l.47 
0.47 
O.IS 

Wcs1ern markcl economics 3.78 

Sower: TM Outloolc for 8asr Mnals in 1993 
(l..ondon. Rudolf Wolff. 1992). 

economic recovery in the developed economies. But 
strong and increao;ing consumption in emerging coun
lric.o;, ao; mentioned above, is expected tu underpin de
mand. Supply disruptions combined with limiled spare 
smelling capacity are expected lo push copper prices 
higher as demand recovers. 

2. Major copper end-11ses 

To1al copper consumplion in developed market econo
mies in 1990 was about 9 million tonnes. The di:o11ribu
tion among different industries is given in figure lV.14. 
The main consumption sector is electrical engineering. 
followed by the general engineering and con!ltruclion 
sec1ors, wi1h consumer goods and transportalion being 
equal. The most important properties of copper, ao; 
shown in lable IV.30, are ils high c:IC'clrical and lhermal 
conduc1ivi1y; of lhe two, eleclrical conduclivity is by far 
lhc more important In lhe lJniled S1a1cs, for example, 
wire accounls for aboul SS per cen1 of lhe tolal consump
tion of copper. Since bra!ls i!I also used for a wide range 
of electrical applications, lotal consumplion of copper by 



Figure iV.14. Refined copper distribution among 
different industries. 1991 
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cgory also includes '-"'OOSiderablc quanftics of brass lhat 
is used for builders· hardware such as locits and hinges. 

New uses for '--upper tubes in buildings include fire 
sprinkler systems which arc being introdU\.'Cd in rcsiden
tia! buildings. Unlike sprinkler systems used in commer
cial buildings. systems for residential buildings arc low
prcssurc and use water from the domcsti;; water system. 
Another new use for copper is in cooling '--oils used by 
dirct."1-t.-oupled heat pumps which arc being developed to 
provide heating and '--ooling for buildings from ambient 
soun.-cs. 

A very wide range of architectural. da.-orativc trim 
and builders· hardware is made of copper alloys. mainly 
brasses and brunzeo;. Hinges. locks. catches and stays for 
windows and doors. and fa'itcners such as screws. wash
ers. nuts and bolts arc all made of brass or bronze. 

lllc move towards enhanced energy-efficiency in 
buildings could mean an increased use of copper. for 
example. in higher-efficiency boilers. radiators and heat 
exchanger systems. 

(d) Trt1n.{port industry 

Copper is used in automobiles for all electrical compo
nents and radiators. Some manufacturers usc coppcr
nickcl pipes for make and hydraulic suspen.'iion systems. 
Copper chromium is often used for brake discs. Railways 
usc large amount'> of copper in overhead and track.side 
electrical cables. New copper-aluminium alloys provide 
improved wear resistance and arc expected to be used in 
airframe construction in the future. Transport applica
tions. including electrical uses, probably account for over 
5 per cent of the total consumption of copper. For exam
ple. it hao; been estimated that the copper content in pas
senger cars in the United States increased from an earlier 
11.8 to 15.9 kilograms per vehicle in 1975, and to 22.2 
kilograms per vehicle in 1990. 

(e) Consumer f(<Hl<ls 

Consumer goods, like general engineering. form a 
very wide category, and include cookware, clocks, deco
rative ware, clothing and a wide range of consumer elec
tronics. 

(fJ Ordnance 

Total consumption of copper for ordnance worldwide 
is estimated al belwecn one quancr 10 one half million 
lonncs per year, but obviously no: all of this is docu
mented by producing countries. In lhc Unilcd Slalcs, 
consumption for lhis purpose has fallen currently to 
around 20,000 tonnes per year, around I per cent of total 
United Slates consumption. An increasing proponion of 
copper used in armaments is being used for purposes 
such as wiring and connectors for increasingly sophisti
cated guidance control and communications systems cur
rently being developed, rather than for more traditional 
applications such as brass for shell cases. 

J. S1r11ctural change 

(a) IAtin America 

Mine production of copper in Chile is now the largest 
worldwide, though the margin by which production in 
Chile exceeds that of the United States is very small. 
Produclion increased considerably in 1991 by 1.8 million 
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tonnes. from less than 1.6 million tonn..-s in 1990. lllc 
rise in prodU\."tion has been impressive; in 1970, total 
production of '--opf>Cf in concentrates in Chile was less 
than 700.000 tonnes per year. Much of Chitc•s '-·oppcr 
ore enters international trade. In 1990. it cxponed 
256.500 tonnes out or a tolal of 1.672.700 tonnes re
corded as having been exported. A large incrc:asc in pro
duction in 1991 led to an increase in exports from Chile 
at 508,000 tonnes. lllc main ckstinations were Brazil. 
Ea...r. Asia. mainly Japan and the Republic of Korea. and 
Western Europe. Export.o; to the United States rose from 
100 tonnes in 1987 to 20.800 tonnes in 1989. but then 
cca~. Smelter production of \.-Opper in Chile. like mine 
production. rose to a new peak of 1.328,500 tonnes in 
1990. although, a.'i the ilk.-rcasc in exports of colk.-cntratcs 
shows, it fell to 1,296.100 tonnes in 1991. 

lllc prodU'-"tion of refined copper in Chile hao; in
crca'iCd by about 30 per cent since 1986. from 942,000 
tonnes to 1.2 million tonnes per year. Some of the in
crease has been accounted for by increased production at 
solvent extraction and electro-winning facilities. Re
ported consumption of refined copper in Chile is small at 
45,200 tonnes in 1990, similar to the level ccnsumed in 
the previous five years. A very high proponion of the 
refined copper produced in Chile is thus exported. with 
over 40 per cent of shipments going to a number of 
countries in Western Europe and a high pmponion of the 
remainder going to countries and areas in East Asia. no
tably Japan. Republic of Korea and Taiwan Province. 
Expons to the United Stales fell from 150.000 tonnes in 
1987 to about 50.()()() tonnes in 1991, while substanlial 
quantilics arc cxponcd to Argentina and Brazil. 

Substantial increao;cs in production of copper in Chile 
arc expected. even though the most optimistic forecasts 
may not be met. panly because of production difficulties 
at the major national copper corporalion, Codclco. Mines 
will have to curtail their output. and some of the projects 
announced by other companies will not be brought into 
production a'i soon a'> hoped. Copper accounts for a high 
proponion of cxpon earnings in Chile, and is vital to the 
country"s trade balance. Its imponancc is such thal in
crcao;cs in production and cxpons arc a.'i likely to be 
sought when prices arc low as when they arc high. since 
the total quantity of fordgn exchange earned by expons 
of copper may be more imponant to the Government 
than the average price obtained per kilogram. In 1990, 
Codclco contributed $1,505 million to the Chilean 
trca-;ury. 

(b) North America 

Aboul one quancr of lhc copper in conccntra1cs pro
duced worldwide is mined in Nonh America. Smelter 
production is several hundred thousand tonnes per year 
less lhan mine production. since copper-mining compa
nies in the United States and panicularly in Canada cx
pon large loon? gcs of conccntrales for smelting in other 
countries. P.-oduclion of refined copper in the United 
States is roughly the same as consumption. but in Canada 
refinery output is much higher than consumption, and 
large quantities arc cxponcd, mainly to the United Slates, 
the United Kingdom and other countrici> of Western 
European. 

After Chile, the United Slates is 1hc second larges! 
mine producer of copper. with production of copper in 
conccntralcs reaching nearly I .6 million tonnes in 1990, 
ils highest level since 1970 when it was 1.56 million 



tonnes. Output rose again to 1.64 million tonnes in 1991. 
Production declined sharply during the recession in the 
early 1980s. and many mines closed down bc\."ause of 
low prices. high operating costs. and prospects of high 
expenditures on compliance with stricter environmental 
control standards. The industry produced 500.000 tonnes 
less copper in 1983 than it had done only two years 
earlier in 1981, as the maximum effects of the closures 
were fell Since then. however, incrcascJ efficiency. re
duced costs and restructuring have led to a recovery 
which has pushed production to its highest level in over 
20 years. 

Smelter production is rather less than the copper con
tent of concentrates produced. at about 1.45 million 
tonnes in 1991. compared with 1.64 million tonnes in 
conccnb'alcs. This relatively small difference, however. 
dis{:uises a large import and export trade in conccn&rares. 
Exports of copper in concentrates rose to 360,500 tonnes 
in 1989. but were only 250,000 tonnes per year::: 1990 
and 1991. Imports rose to 153,500 tonnes in llJ'JO. but 
were much lower in 1991 at around 62,000 tonnes. 

Exports of blister and anode copper from the United 
States have been a few thousand tonnes per year in the 
1980s, but in 1988 they rose to no less than 125,000 
tonnes. They then fell to about 5,000 tonnes in 1989 and 
1990. before rising to over 20.000 tonnes in 1991. lm
pcts of blister and anode copper have been generally 
higher lhan exports, ranging from 46,000 tonnes per year 
in 1986 and 1987 to 128,100 tonnes in 1988. In 1991 
they were over 90,000 tonnes. leaving a net import re
quirement of about 70,000 tonnes of unrefined copper. 

Production of refined copper mainly from primary 
ma&erials in the United States rose to over 2 million 
tonnes in 1990 and 1991, the highest recorded since 
1973. In addition, a further 441,000 tonnes of refined 
copper were produced in 1990 from re-refined scrap, and 
944,000 tonnes of scrap were reused directly, without re
refining. in the production of copper products. The 
United States has a substantial trade in refined copper. 
but its export-import balance has fluctuated substantially 
since the mid-1980s. In 1986, imports of 491.700 tonnes 
grearly exceeded exports. which were only 12500 
tonnes. By 1991. imports fell to 295.100 tonnes. while 
e:itports increa~d to 271,300 tonnes. The possibility has 
been raised that the United States could become a net 
e:itporter of refined copper. 

Most of the copper consumed in the production of 
semi-manufactures in the United States is in the form of 
copper rather than copper alloy. Copper wire is the major 
semi-manufacture produced. Copper-alloy seMi-finished 
products include rods, bars and sections. followed by flat 
products, plate, sheet and strip. with production of tubes 
much smaller. 

Mine production of copper in Canada rose to 802,200 
tonnes in 1987, which was the first year since 1973 and 
1974 in which it had e:itcecded 800,000 tonnes per year. 
After falling in 1988 and 1989, it again rose to 802,000 
tonnes in 1990, and was 776,900 tonnes in 1991. In re
cent yo:ars, over 300.000 tonnes per year of copper in 
concentrates have been e:itported from Canada. and 
smeller production has been betwee11 450.000 and 
550,000 tonnes per year. Some copper concentrate!i are 
also imported by Canada from the United State!i and 
other countrie:i;; the total has fallen from the peak level of 
76,2CX> tonnes recorded in 1985, though it rose from 
33,800 tonnes in 1990 lo 68,300 tonnes in 1991. 

Production of refined copper in Canada has been about 
500.000 tonnes per year since 1984. About 60 per l-Cnt 
of this is exported. and 1."0llsump1ion of refined copper in 
Canada is about 200.000 tonnes per year. In addition. a 
further 70.000 tonnes per year arc l'Cl-ovettd by the rc
refining of co~per scrap. or arc consumed directly a"i 
scrap. without re-refining. in the manufacture of copper 
products. 

(c) Africa 

African countries account for approximately 11 per 
cent of the world production of copper in concentrates. 
IO per cent of smelter production. but only 7 per cent of 
refinery production. A high proportion of the concen
trates produced in Africa arc smelted in countries in 
which they arc produced. but substantial quantities of 
unrefined blister and anode copper arc exported to refin
eries elsewhere. As the small volume of consumption of 
refined copper in Africa indicates. most of the output of 
copper refineries in the continent is C;xported to other 
regions. 

Copper mining in Africa is dominated by two coun
tries, Zaire and Zambia. which in 1991 accounted for 
703,900 tonnes out of the 989,100 tonnes of copper pro
duced in Africa. South Africa accounted for 200.200 
tonnes. leaving only 85.000 tonnes produced in other 
countries. In both Zaire and Za;nbia. copper-mining and 
-smelting. including copper-refining in Zambia. are the 
dominant industries. accounting for large proportions of 
industrial output, employment and foreign e:itchange 
earnings. 

(d) Australia 

Mine production of copper in Australia rose above 
200.000 tonnes per year in 1973 and has remained com
paratively steady since then compared with the large 
fluctuations which have occurred in other countries. 
From 1973 to 1988. production was never lower than the 
218.500 tonnes recorded in 1976, nor higher than the 
261,500 tonnes produced in 1983. In 1990 it rose lo a 
new peak of 327,000 tonnes, before falling lo 311,000 
tonnes in 1991. 

Production of unrefined copper at copper smelters in 
Australia is lower than mine production, as some con
centrates arc exported. Since 1977. the largest quantity of 
copper in concentrates e:itportcd in any year was 84,600 
tonnes in 1985. when the production of concentrates rose 
and production of unrefined copper fell. faports of con
centrates rose again to 67.300 tonnes in 1990, when 
smelter production fell even though mine production 
rose to its highest-ever level. Small quantities of blister 
and anode copper are e:itported from Australia. hut prn
duction of refined copper is higher than production of 
unrefined copper, partly because it includes copper re
fined by electro-winning. and partly because it includes 
some copper recovered from scrap in primary refineries. 

Production of secondary refined copper from scrap fell 
to 24,000 tonnes in 1991 from 36.000 tonnes in 1987. In 
addition a further 40,000 tonnes of scrap were used di
rectly. withcul re-refining. in lhe production of copper 
products. 

Consumption of refined copper in Australia is lower 
than production, and suhstanlial quantities are e:itported. 
Consumption of refined copper lay in the range of 
120,000 to 130,000 tonnes per year lletween 1987 and 
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191) I. Exports of refined '-"llJ>per from Austr.ilia h::ve 
risen to a succession of peak levels since 19~7. when 
exports were 81.600 tonnes. lo 173.900 tonnes in 199 I. 
Further increases in exports may follow in the 1990s. 

Unril 1982. proJucrion of copper in rhe Philippines 
wa" JeJicared 10 the export of l.-oncentrales for smelting 
in olher countries. In 1983. smelting and refining facili
ties were bmught into operati\)n in the Philippines. and 
exports of concentrates fell 3\.-Cordingly. From 250.000 
to 300.000 tonnes per year between 1977 and 1982. 
exports of concentrales fell 10 less than 100.000 lonncs 
per year in 1985; the highesl tha11hey have reached since 
then was 119.700 lonnes in 1988. From 1989 to 1991 
!hey were only around 100.000 lonncs per year. Since 
rhe start-up of rhc PASAR smeller and refinery. exports 
of refined copper fmm lhe Philippines have kepi pace 
wirh pmduction. Consrimplion of refined copper in the 
Philippines is estimated at only aboul 10.000 tonnes ::>er 
year. and rhe ourpul of the refinery is mainly exported to 
yield foreign exchange. 

(e) Westem Europe 

Produclion of copper ores and concentrates in Western 
Europe accounts for less lhan 5 per ce!ll of lhc lolal 
production worldwide. Since the same region accounts 
for over 25 per cenl of worldwide consumprion of copper 
refined mainly from primary raw malerials. !here is a 
large flow of copper in various forms into Western Eu
rope from other regions. Copper is imported into West
ern Europe in the form of concentrares. which arc 
smelled in Europe and subsequenlly refined. Large quan
tities of copper which have previously been consumed in 
Europe are also recycled by being either re-refined or 
used directly as scrap. without re-refining. in the produc
lum of new copper products. There is a small net export 
rraJe in copper semi-manufaclures and copper alloy 
semi-manufaclures from Western Europe. 

In 1990. Portugal became lhe larges! producer of cop
per concenlrales in Western Europe following the slart
up of operarions at Neves-Corvo. Prior to 1990. produc
rion was largest in Yugoslavia. followed by Sweden and 
Spain. but production in all three counlries has declined 
in recent years. 

The larges! smelter prnduclion is in the western part of 
Gem1any where lotal production has been in the range 
2!X).(XJO 10 250.(XX> tonnes per year since the early 
1980s. (her the same period. production in Yugoslavia 
doubled to almost 146.000 tonnes in 1988. but ii has 
fallen since then as a result of civil unrest Smelter pro
duclion of copper in Finland, Spain and Sweden have 
also irn:rc:ased. 

Refinery production of copper in Western Europe is 
almosl twice lhat of smeller produclion. The largest pro· 
ductinn is in the western part of Germany where 476.200 
tonnes were produced in 1990, and output rose to 
522.5!X) lon:ie' in 1991. The next largest production was 
in Belgium. where output fell lo less than 300,CXX> tonnes 
in 1991. continuing its gradual decline from over 
4!X),OIX) tonnes in lhe mid-19HOs. Production in Spain. 
which recorded 11!9,9fJO tonnes in 1991, showed a fur
ther increase. 

(/) A.~ia 

Mine produc1i11n of copper in Asian rnunlries. indud
ing China. was ;'.houl I million lonnes in 1991, <1ho111 IO 
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per cent of the world total. This prop.:>rtmn has not 
changed substantially silk.""C the late 1970s. lhc distribu
tion of production between countries has. however. 
shown marked changes. Production in the Philippines 
fell to almost half its previous level in the mid- I 980s. 
while production in Japan fell from o~cr 50.000 tonnes 
per year to less than 13.000 tonnes per year. Over the 
same period there has been a large increase in production 
ic Indonesia. and produclion in China and Mongolia has 
also risen. 

Smelter produclion of copper in Asia is about double 
the pmduction of copper in com..--cntrates. mainly because 
colk.--cntratcs for smelting in Japan arc drawn largely 
from sources outside Asia. includmg Austr.alia. Canada. 
Chile. Peru and the United Slates. as well a."i other coun
tries in Asia. Production of refined copper in Asia is 
similar to smelter production. Consumption of refined 
copper is about I million tonnes per year higher than 
production. renccting the large imports from other ;e

gions of refined copper made by countries in Asia. 
Production of copper in concentrates in China was 

estimated to have risen fairly slowly from the late IS70s 
to 1986 from 170.000 to 200.000 tonnes. In 1987. pro
duction rose sharply to 350,000 tonnes. and it has re
mained between 350,000 and 380.000 tonnes per year 
since then. fatimatcs for smelter and refinery production 
have shown corresponding increases since 19~6. and in 
1990 were 425,000 and 490.000 tonnes. respectively. 
compared with estimated mine production of 360,000 
tonnes. In addition to local production, Chir.a depends on 
imports of concentrates, blister and refined ::opper to 
meet its growing industrial requirements. 

Rescr•es of copper in China are estimated to be at 
least 350 million tonnes of ore, but the low average 
grade of 0.6 to I per c<:nl copper makes rapid expansion 
of production difficult. Nevertheless. arrangements arc in 
progress for a steady increase in production at some se
lected sites. The largest producer of copper is the Jiangxi 
Copper Corporation. lls operations produced 71,000 
tonnes of copper in 1989, and output is scheduled lo 
double by 1993, and to double again by the ycaf 2000. 

(K) Former USSR 

For many years, the copper industry in the former 
USSR was estimated to be the second largest in the 
world after the Uniled States. but the decline of opera
t:ons in the former USSR and the growth of production 
in Chile has changed !he picture, so that the former 
USSR is probably the third largest producer of copper 
afler the United States and Chile (121. Production of 
copper in concentrates, which was estimated at over I 
million tonnes per year up to 191!7, has since fallen lo an 
estimated 900,000 tonnes in 1990 and 1991. Smeller 
production has been eslimaled at about I 00,000 tonnes 
per year higher than mine production over lhe same pe
riod. Refinery production is estimated lo have declined 
from 1.4 million tonnes in 1986 to 1.25 million tonnes in 
1991 with most of the fall occurrin~ in 1990 and 1991. 
Con'>umplion of refined copµer in the former USSR is 
also estimated lo have fallen, from I J00,000 lonnes in 
191!6 to 980,000 tonnes in 1991, with mos! of the de
cline, again, laking plac( in 1990 and 1991. 

According lo 1ile trade statistics of developed market 
economies. the former USSR imported small quanlities 
of copper in concentrates in 1986 and 19117. and then 



exported 1,300 tonnes in 1988. In 1990 exports rose to 
17,700 tonnes. but fell to 9.600 tonnes in 1991 Small 
exports of 'llister to developed market economies were 
recon!ed in 1988 and agaiil in 1990. but in 1991 exports 
of blister increased to about 7.000 tonnes. Mo~t interna
tional trade in copper involving the fonner t.:SSR is in 
refined copper. A small quantity of refined copper was 
imported from developed market economies in 1987 but 
most of the trade consists of exports of refined copper to 
those economies. From 29,400 tonnes in 1986, these 
more than doubled in 1987 and have continued to in
crease tll reach 178.200 tonnes in 1990, a level which 
wa.'i maintained in 1991. 

In the Russian Federation copper is produced in the 
Kola Peninsula. in the Urals. in western Siberia and in 
the far east of the country. Copper reserves in the Kola 
Peninsula are estimated at 295 million tonnec; grading 
0.35 per cent copper. Although it produ..:es relatively 
small quantities of copper. the region is regarded as hav
ing a go:xl potential for development. There are reported 
to be at least 22 nickel-copper deposits around Pechenga, 
Allerect:en, Monchegorsk a11d Lovnoo1.ersk. Copper de
posits are also reported in the Imandra and Varzuga ar
eas. The principal mines producing copper in the Kola 
Peninsula are listed as Nittis Kamuzk, Zhdanov C and 
Zhdanov W. 

4. Growth prospects in deYeloping countries 

Growth in the demand for copper in the developing 
countries of China, India, Latin America and South-East 
Asia should be a major factor in the future of the copper 
industry [ 13 ). Although accounting for only I 8 per cent 
of copper consumption in Western economies, over 60 
per cent of the expected increase in demand will come 
from the above-mentioned developing co11ntries. Refined 
copper consumption in those clluntries is expected to 
grow at nearly 5 per cent per year up to the period 2005, 
compared with only 1.0 per cent in developed countries. 
and a trend rate of 2. I per cent for Western economies. 
Most of the growth is expected to come from the con
struction sector. where net demand is forecast to rise 
faster than the average. Demand for copper from the 
electrical and transport sectors is expected to rise slower 
than the average. and to decline in telecommunications. 

5. Capacity utili:Jllion and expansion plans 

Recent forecasts anticipate a shortage of smelter ca
pacity worldwide, as new smelter projects have failed to 
keep pace with new mine projects, assuming some 
growth in demand. Several large greenfield smelter 
projecti; have been investigated and deferred while new 
mines and mine expansion projecti; continue. Neverthe
less, fears of a shortage of smelter capacity appear to be 
exaggerated. Although some smelter projects have been 
deferred, others are being investigated and, perhaps more 
important, smelter capacity is being increased by the 
refurbishment and replacement of ;:xisting smelters. Fur
thermore, not all the increased production of concen
trates will require smelter capacity, as a growing tonnage 
is dedicated to solvent extraction and the production of 
cathode copper by electr;;·winning. Now that major ter
minal markets have started to appiove a wider range of 
electro-won copper grades for delivery against their con-

tracts, further increases in the production of elet:tro-won 
copper will be encouraged. 

To illustrate the nature of the expansion plans now in 
progress. several recent L-Ontracts awarded to T echpro 
Mining and Metallurgy may be mentioned [ 141. Among 
these is a 23.4 million contract in the Islamic Republic of 
Iran. won by a consortium of contractors including 
Klockner INA Industrial Plants Ltd. the United Kingdom 
subsidiary or the Gennan industrial ~roup. together with 
Techpro. TI1e contract. awarded by the National Iranian 
Copper Industries Corporation (NICICO). i~ for the de
sign. supply. construction. supervistor and .:ommissiou
ing of a heap-leach solvent extraction electro-winning 
plant al Sar Cheshmeh. the centre for l·opper production 
in the Islamic Republic of Iran. This is the fourth con
tract lo be won by Techpro in the past year at Sar 
Cheshmeh. where NICICO ultimately plans to produce 
200.000 tonnes of copper per annum. doubling current 
production volumes. The new plant "";n treat 27 million 
tonnes of oxide ore over the next decade, producing .JI 
tonnes per day of London Metals Exchange Grade A 
cathode copper. 

Techpm is also currently preparing engineering and 
procurement specifications for the purchase "'f equip
ment for the rehabilitation of the BCL copper and cobalt 
mine and surface plant at Selebi-Pikwe, Botswana. The 
contract is funded by the European Investment Bank. 
Work continues on another large contract, the $30 mil
lion turnkey project in Zaire for La Generale des 
carrieres et des mines (Gecamines) for the recovery of 
copper and cobalt from current leach tailings. Techpro is 
undertaking a series of projects for Zambia Consolidated 
Copper Mines. At Nkana division, the installation of 
oxyfuel burners to the rev.!rberatory furnaces has been 
commissioned. 

In Peru, Techpro has assisted International Mining 
Consultants in the technic;;I and cost evaluation of the La 
Oroya Complex and Hydr~power plants in preparation 
for the privati1.ation of CENTROMIN, the Peruvian 
State-owned copper industry. 

In the former USSR. Techpro has provided consulting 
services to several copper smelting and sulphuric acid 
plant producers in the Russian Federation and 
Ka1.akhstan. Techpro has provided metallurgical consul
tancy services involving auditing or smelter operations to 
a number or operations in Eastern Europe, including the 
Bai11 Mare flash smelter in Romania, and the MDK 
Pirdop flash smelter in Bulgaria. 

Worldwide, incremental smelter expansions in Aus
tr:llia, Chile. Philippines and United States, and increased 
capacity utili7.ation throughout the industry should pro
vide additional capacity of around 200,000 tonnes in 
1993. However, no new greenfield smelters are likely 
before the mid- l 990s. The most likely projects are now 
the 120,000-tonnes-per-year smelter of Padaeng Indus
tries in Thailand, and a 150,000-tonnes-per-year smelter 
in Indonesia, but neither or these are likely to be on 
stream until at least 199.5 1151. 

6. Technnlogical lrendv 

In the United Kingdom, the Copper Development As
sociation is engaged in initiatives to maintain and in· 
..:rease the consumption of copper in end-uses in which it 
is subject to competition from alternative materials, and 

171 



to create demand in new applications. The defensive ini
tiatives invoh·e maintaining demand in the (.'Oll.'itru'-"tion 
industry for both water distribution and building wiring. 
in the transpon industry for autol'lObile radiators. and in 
the electrical industry for power cables and connectors 
(16). The market creation initiatives include fire sprin
klers. roofing systems and waste-heat recovery systems 
in the construction industry. nuclear waste containers anJ 
energy-efficient transformers for the electrical industry. 
and components fur offshore industrial structures. 

In addition lo the work undcnaken by the Copper 
Development Association. Codclco. the world" s largest 
wpper producer. ha.'i announced substantial increases in 
its budget for promoting copper. From S900.000 in 1986. 
this budget was increased to S3.4 million in 1991. Part of 
the expenditure is dcvcted to education and training pro
grammes in large copper-consuming countries in order to 
increase consumption in the construction industry by 
making specifiers and installers better aware of the ad
vantages offered by copper. 

Copper is one of the major constituents of a new braz
ing alloy developed for joining metals to ceramics. The 
copper content is between 35 and 50 per cent. with 40 to 
50 per cent silver and smaller quantities of tin and tita
nium. The new alloy can be used at temperatures below 
850" C, and can therefore be used to braze thermally 
sensitive materials such as nodular cast iron or panially 
stabilized zirconia. Ultra-fine copper powder, wiih pani
des having an average diameter of 0.5 microns, is pro
duced by Mitsubishi Gas Chemical Company for use in 
the manufacture of electronic components and for pow
der metallurgy. Some is also used in the production of 
anti-fouling paints. 

The principal technical innovation which has been 
adopted by the copper industry m•er the past decade i'i 
the production of copper by leaching. solvent extraction 
and electro-winning. The technique is not new, since 
copper has been produced by such means for over 20 
years, but it gained prominence in the 1980s as a low
cost method of producing copper, instead of, or in addi
tion to, the conventional methods of mining, concentrat
ing, smelting and refining. The process makes possible 
the production of copper from oxide ores which were 
previously discarded, and from tailings. Its exploitation 
makes it possible to extract copper from poorer ores or 
from waste material which has been mined and dumped 
over periods of 50 years, or longer, al some mines I 17). 

Major developments in the processing of refined cop
per in recent years have been in response to the availabil
ity of consi~tenlly high-quality copper from continuous
cast-rod mills. This has allowed the use of high-speed 
tandem wire-drawing machines and of in-line annealing, 
rather than the previous inter-stage batch process. Al
though conventional hot-rolling mills are likely to re
main more suited to the production of very large- or very 
small-diameter rod, continuous cast rod accounts for 
about half the total of copper rod production, and its 
technical and economic advantage" (uniform quality of 
large rolls of rod and low operating costs) will undoubt
edly ensure further penetration. 

A wide variety of copper alloys already are available, 
and the range has broadened as consumer specifications 
have become more demanding and copper has had tn 
compete with other materials. C'opper producers have 
founded the International Copper Research Association 
to sponsor research into and development of copper and 
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copper alloys. The Copper Developmmt As.'i0Ciat1on is 
responsible for market devel~nt. 

7. Enrironmenlal consilllrolions 

The mining and subse.tuent pnx.-essing of copper still 
pose maj•x problems of environmental degradation. 
Apan from the lremendous effects of land C'-"Ology dis
turbances caused by massive open-c.i'it mining opera
tions. severe atmospheric pollution problems stem from 
the sulphurous emissions from copper smelting. causing 
acid rain and consequent ecological and health effects. 
For examrle, around 750 ton:ics per day of sulphurous 
vapours. including arsenic and paniculate material. arc 
released from the giant Codcko-owncd Chuquicamata 
mine complex in Chile. the world's largest. Codcko is 
about to embark on a $300 million cl:an-up programme 
to comply with environmental regulations governing sul
phur dioxide and Just emissions. 

Already, investment in new process furnaces has re
duced sulphur dioxide emissions at Chuquicamata to 50 
per cent of the levels of the 1980s. Electrostatic pre
cipitators have decreased arsenic and dust emissions. and 
old furnaces will be replaced by new blast-ovens that are 
more efficient in trapping dust. More vats will be in
stalled to store sulphuric acid which, in tum, is used to 
leach copper from previously discarded wa.<ite material. 

Another signifi.:ant environmental impact of copper 
production involves solid wa..'ite products and liquid ef
nuents, panicularly thousands of tonnes of sludge and 
toxic waters generated by the copper extraction process. 
Again in Chile, Codclco is trying to reduce this formida
ble problem. The national copper corporation ha.~ devel
oped an elaborate new treatment system for the giant El 
Teniente mine to produce non-toxic water from the pro
cess sludge by-product ( 18 ). A ma.~sive 87-kilometre 
conveyor chute delivers water from the mine through the 
treatment system via the specially constructed Caren 
Dam in the Melpilla province of Chile. Clean water is 
exploited in a new experimental agricultural station, pro
ducing cereal crops and vegetables and rearing livestock. 

8. Short- anJ medium-term outlook 

The copper market is poised to benefit from world 
economic recovf'ry and should receive an additional 
boost from strong restructuring growth in emerging 
countries. As economies in Asia. Eastern Europe and 
Latin America develop, the gap in per capita metal con
sumption should narrow consiJerably. Relative per 
capita measures of metal consumption hetween devel
oped and developing countries have been discussed in 
relation to table IV.29. With significant production lo
cated in regions where political, economic and geo
graphical stability is not assured, the probability of dis
ruptions in supply will continut' to be high. With the 
possibility of a smelter bottleneck restricting nulput, the 
market is expected to remain nuid. The net imports go
ing to the former centmlly planned economies remain a 
major point of concern; a sustained increase in expons, 
or sales by China, could quickly reverse a relatively 
positive market outlook. Overall, a moderate growth in 
<iupply is forecast to be matched hy a slight growth in 
commmption, and !his should result in steady prices. 



E. Pdrocbemicals (ISIC JSllOJ-351131)• 

I. Rtt~nl tn1Uls anti currnrt colNlitiolu 

The chemical industry is an imponant part of the 
world a.-onomy. with output <k.-counting for 7 per cent of 
global ill'-"Ome and 9 per cent of international trade. 
Unfortunately. the global recession has dampened cie
mand growth in developed countries. where industry 
performance is closely related to cconomi;: conditions. 
and typically lags behind any recovery. Major petro
chemical producers in Japan. United Stat~s. Europe and 
new arriva!:. like the Republic of Korea. are still experi
encing the cyclical downturn that begm in late 1989. 
Some idea of tl·c sales of the major producers is reHa.'ted 
in figure IV.15. What is different from previous dow.1-
tums is that possibilities for industry revitalization arc 
slim. This is chiefly because Western producers in devel
oped market economics fa<..-c not only the loss of impor
tant traditional export markets in Asia and ~ Pacific as 
the region develops an indigenous production base. but 
also the longer-term competition of lower-priced petro
chemical products. This area was previously the target 
for about 50 per cent of all traded pctroc!lrmicals and 
plastics. A further problem is that companies in devel
oped mark.ct economics similarly cannot effectively 
compete in Western Asia. where producers have a clear 
cost advantage based on cheap fccdstocks. 

Figure IV.15. World chemical company sales, 1991 
and 1992 

0 10 000 20 000 30 000 40 000 
Mmon~ 

Source: Paper presented al !he Business Outlook Confetance of lhe 
United Kingdom Chemlea• lr.duslnes Alloc:iatiOn. held in London in 
January 1993. and company data. 

Excess capacity, the dominant factor depressing the 
main petrochemical-producing rcgion:o;, ha~ not been 
overcome even by demand growth in the expanding 
Asian markets. However, some improvements have oc
curred. In We:o;tem Europe, aoout one third of the 34 
cracker:o; and down:o;trcam units operated at a losli during 
the last quarter of 1992. Like the early 1980s, average 

•lfNIOO acknowledge~ lhc: conrril!urion of Lynn Tanum, 
Ch,mira/wulc ln,,f'JllJfl(lfllJ/. 

return on capital employed was negative. but average 
operating rates are 80 per cent as l."Olllparcd with 65 per 
cent previously. Margins al even the most efficient naph
tha crackers were estimated at 27. l dollars per tonne or 
clhylcnc. a massive 64.6 dollars per tonne less than in 
1991. Petrochemical operating rates in the United States 
are even higher. averaging around 90 per l-Cnt. and op
erating rates in the Republic of KORa have been main
tained at around the same level. 

In regional terms. the profitability of the industry in 
Western Europe is very depressed. and is unlikely to rise 
in 1993 after a massive drop from the heady days of the 
late 1980s. As shown in table IV .31, many firms ended 
1992 with iowcr profitability for petrochemical opera
tions. Market shares are also under pressure. Both these 
factors along with a declining domestic economy have 
adversely affected the Gcnnan industry. The United 
Kingdom is emerging only very slowly from a prolonged 
and deep recession. Turmoil on the Italian political scene 
is having a negative effect on an alrcady-dcprcsscd do
mestic chemicals sector. France has performed better 
than most countries in the region. but its outlook for 
petrochemicals is rather pessimistic. The largest produ
cers in Spain are under enormous financial pressures. 

The chemicals sector in Western Europe has been 
forced into one of the most fundamental realignment'\ or 
its S IO billion polyolcfins sector for a decade. This is 
because even though volumes are basically strong, the 
industry is finding it impossible to survive since it is 
operating on very weak margins. Some plants have tern· 
porarily been put on shon-timc operation or closed in 
order to tighten the market and try to improve pricing. 
Some new plants have been completed but not brought 
on stream. because markets are already saturated or the 
products sold cannot even cover manufacturing costs. 

Western Europe is the highest-cost region in the world 
for petrochemicals production. Even compared with the 
Urilcd States, producers in Europe are generally less 
competitive becauliC of smaller plant size, leading to 
higher unit fixed costs fur many operators; producers 
also face higher costs in tenns or labour and fccd~tocks 
as well a.~ exit barriers. The latter include the reluctance 
to close plants in areas of high unemployment and at· 
tc.npts to maintain venical integration. 

In the United States, the downturn is still evident; the 
trade balance of the United States chemical industry slid 
by $2.5 billion in 1992, and ili expected to fall again in 
1993. However, a few optimistic signs have appeared 
(19). While industry retum:o; arc below tholiC of 1981, 
1983 and 1984, and operating rates arc about IO per \.,.nt 
higher, the weak global economy has not been a major 
factor in the United States downturn. The production of 
petrochemical derivative:o; was relatively strong in 1992, 
raw materials production was higher, and petrochemical 
prices reversed an 18-month decline. But new capacity 
clSC'where in the world forced down exports after record 
levels in 1991. Output of commodity plastics roliC 6.2 per 
cent in 1992, to an estimated 30.2 million tonnes (20). 

In Asia and the Pacific, the profitability of the industry 
in Japan has recently dropped sharply, particularly be
cause of the dome:o;tic recession and fierce price compe· 
tition from the Republic ..Jf Korea. The Japanese petro
chemii;al indu!ltry i:o; facing scriou:o; exce:o;:o; capacity ai; a 
re!lult of th~ downturn. The recession i:o; considered more 
serious than the one the country faced I 0 years ago. In 
particular, uliCr indu:o;trie:o; are likely 10 draw on invenlo-
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TaMclV.31. Pafaraaace d .... ckaical _,. .... 1991 .. 1992 
(Millioa dollan)lf 

Sales Pcrcca tagc Net profit Perccn1agc 
Region oc coaatry dlaagc change 

aad firm 1991 1992 1991-199l 1991 1992 1991-1992 

Japan 
Mitsabisbi Kasei 4 490 4 22S -S.9 211 " -60.2 
Samitoaao Claemical a 724 1 ll~ -6.2 162 131 -19.1 
Mitsai Toat111 Cllemical '24' 4 2S4 0.2 12S SI -S3.6 

United States 
D• Pont 31S70 37 799 -2.0 1413 97S -31.0 
Dow Cllemical 19163 11971 -1.0 9S2 276 -71.0 
Union Carbide s 720 4 BOS -16.0 217 26 -18.0 

Ea rope 
BASF 29698 21 lll -4.S 662 392 -40.I 
Hoechst JOOSS 29 217 -z.a 164 7S3 -12.8 
Bayer 27006 26 239 -2.8 1110 996 -IS.6 
10 19122 19144 -3.4 860 90S RI -S.2 

Soara: Paper praentcd at tile Basiacss O.tioot Coefercncc cl tbc Unilcd Kingdom Cllcmical ladustrics 
AssP'i21tioa held in Loadoa in Jana11ry 1993. and company data. 
If Exchange rates based oa end-1992 rares cl 124.4 yen to the dollar and 1.57 deatsche mark to rbe 

dollar. 
RI 1992 net iac:omc figure includes an cxcepriooal charge or SS98 million. 

ries longer this time, and consumer derr ,d appears 
fairly well saturated. Plastics output ;n the .. rst half of 
1992 dropped by 2.8 per cent. to 6.2 million tonnes, and 
a decline is expected for the entire year (21). Producers 
are struggling with a domestic recession that has stifled 
demand, and many have been forced to slash output by 
as much as 15 to 20 per cent to keep in-.'t:ntories under 
control. 

Industry prospects are better in other parts of Asia, 
with demand in newly industrializing and developing 
countries continuing to show strong growth. This is par
ticularly true of China. which has re-entered the market 
as a major importer of petrochemicals and plastics during 
the past two years. Demand from China has helped to 
absorb huge excess capacity in countries like the Repub
lic of Korea, where producers have been prepared to 
sacrifice profits in order to generate sales. 

2. Industry restructuring 

(a) Western E11rope 

In Western Europe, recession is forcing producers to 
economize simply in order to return to acceptable levels 
of profitability. TI1e industry expected an economic up
turn, but its failure to materialize has forced companies 
to closely examine their portfolios. In addition, low-cost 
imports from Western Asia and the anticipated rise in 
imports from the Republic of Korea over the next two 
years have dampened any prospect of a respite when 
conJitions do improve. Restructuring is a key theme for 
the sector; all major producers have agreed that it is 
needed, and several have taken initial steps towards it. 
There are two main routes available: closure of high-co:i;t 
production planti1; and merger or acquisition to reduce 
the number of finns in individual ~tors. Restructuring 
in order to focus on fewer businesses, and on thoi;e in 
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which a company has a dominant position, is in:reas
ingly evident. This has tyoically led to non-core busi
nes.~ being sold or swapped. The toll on jobs has been 
heavy, and even countries traditionally resistant to cut
~ing their workforce, such a~ Gennany and Italy, have 
been forced lo do so. 

Western Europe has yet lo see its first cracker closure, 
but it is strongly believed that this coulr happen in 1993. 
Small, older and land-locked units art: the most likely 
candidates. Resistance to plant closures ;s strong and is 
often politically linked, but some downstream uniti1 have 
already been shut down, particulariy when producers 
have brought new capacity on line. The most obvious 
trend during 1992 ha-. been the move to merge busi
nesses to achieve cost savings and rationali1.a1ion of 
combined production capaci1ies. For example, ICI is 
exchanging its polypropylene operation for BASF acryl
ics, and iL'i nylon operations for Du Pont acrylics. Possi
ble mergers still under negotiation but worth particular 
mention include Shell and Himont in polypropylene. BP 
Chemicals and EniChem in styrenics, and PCD and Huls 
in polyolefins. 

(b) Japan 

tinder the umbrella of lhe Ministry of Trade and In
dustry (MITI). the restrucluring of the petrochemicals 
sector in Japan in the early 19805 removed much excess 
capacity. In lhe current downturn, lhe market has deterio
rated without any decreai;e in operating rates, and price 
degradalion is the main factor blnmcd for current prob
lems. Some companies have poi1lponed cxpani1ion plani1, 
and inter-company alliances have been formed to share 
operations that arc slated for continuance. Produce~ are 
struggling with a domei1tic rece:oi:oiion that bas :oitiflcd de
mand, and many have been forcrd to slash output by as 
much as 15 to 20 per cent to keep inventories under 
control. 



(d Eastem um~ anJ the farmer USSR 

The pclmchemical inJustry in ti1is region still suffers 
from the political and cconomi.: changes that have ta.ken 
plat.-e in ra-ent years. Recession in Western Euroiic: an~ 
subsequent curbs on investment have held back pnvat1-
zation and development of the industrial base of the re
gion, most of which is still unmodernized and suffering 
from environmental problems. In general, the petro
chemicals and plastics sectors arc still in a stale of flux. 
with little hope of any shon-tcrm turnaround in the hard
est-pressed countries such as the Russi~ Fede~tion, or 
even of development of the best-pl3ccd mdustnes, such 
as those in the territory of the former German Demo
cratic Republic. Stctors that arc witnessing progress i_n 
many countries include more downstream. consumcr-on
ented operations, such as those involving detergents dlld 
paints. The Govea;!ment of the Russian Federation stated 
that in 1993 industrial output will reach only 90 to 93 per 
cent of 1992 output. Following a 34-fold increase in the 
price of oil in Russia during 1992. a funhcr 450 per cent 
rise is expected in 1993. Privatization. which is proceed
ing only very slowly, is virtually non-existent in the 
petrochemicals indl•stry. 

In Poland, however, measures instituted in 1989 lo 
increase privatization are becoming a reality. A study of 
restructuring in the heavy chemicals industry has been 
completed, and major foda-ash producets in developed 
market economics are already showing interest in buying 
Polish plants. The chemical industry of the former 
Czechoslovakia on the contrary ha.o; a much bleaker out
look. following the separation of the country into two 
sovereign stales. In petrochemicals, Slovakia is bci~g 
supplied by Slovnaft (Bratislava) and the Czc~h Rcpubl~c 
by Chcmopetrol (Litvinov). Chemical sales 1~crea.o;ed ~n 
the second half of 1992. i\nd in 1993 a small increase m 
profits is envisaged. Privatization suffered a_ setback 
when Dow Chemical Europe did not proceed with a pre
vious negotiation to acquire Sokolov. 

Despite optimistic forecasts. the year 1992 was :i<_>t thc 
turning point for the Hungarian economy. Follo~mg a 
decline of I 0 to 12 per cent in industrial production for 
1991/92, a further drop of up to 3 per cent is envisaged 
in 1992/93. On the positive side, inflation decreased 
sharply. after having reached 35 per cent in 1991; ex
ports have risen, and $1.5 billion of foreign investment 
were received in the first nine months of 1992. In 1993, 
petrochemical production is expected to regain 1991 lev
els. The Government has ann'lunced a new industrial 
strategy to safeguard compdnies of key i~portancc, in
cluding plastics maker Borsod-Chcm, fcrt1h1.er producer 
Pct Nitrogen Works, plastics and pesticides producer 
Nitrokcmia, and the Taurus rubber works. 

(d) Central America and lAtin America 

With the advent of the North American Free Trade 
Agreement and the freeing of the petrochemicals sector 
by State-owned Pemcx, rcstructuri.ng ~n Mex!co has 
moved forward. Chemicals production m Mexico was 
worth nearly $14 billion in 1991, a 3 ~r cent ris~ over 
1990. Industry competition from the United Stal~s 1s also 
stimulating productivity and environmental improve
ments. A new wave of investment is expccled by domci.
tic and foreign producers. Some expected domestic 
changes include the acquisition of smaller linns and even 
the closure of some uncompclitivl" producers. 

Restructuring and regional market integration is the 
focus for most Latin American countries with significant 
petrochemical industries. Privatization is progressing 
slowly in Brazil, ano the country is opening up to inter
national competition at a difficult time, burdened by pro
duction surpluses because of ra-cssion. In Argentina, 
overall economic growth is favouring the chemicals sec
tor, but imports account for much of the increased de
mand. Privatization is also moving ahead slowly. Re
structuring moves have resulted in mergcts and joint 
ventures. workforce cuts of 27 per cent, closure of 11 
plants and the start-up of five new ones. Nevertheless, 
industry-wide losses reached $':.36 million over the 18 
months ending January 1993, spurred by high energy 
costs. high taxes and financing charges. Since 1 ~88, 
prices have been cut by .m per cent. 

3. Manufacturing capacity of tkr~loping counlTUs 

The Asia and Pacific region is the main focus for 
current and future growth in manufacturing capacity. 
notably China, together with Taiwan Province and the 
ASEAN countries. As domestic markets arc already 
oversupplied. United States and Western European in
vcstots are divening increasingly large proportions '>f 
total capital investment to the Asia and Pacific region 
where both State and private sector businesses are look
ing for overseas funding for petrochemicals eirpan~ion. 
As show!? in tables IV.32 and IV.33, the petrochemicals 
expansion in the Republic of Korea recently pea.k~d 
when the Hanyang ethylene cracker came on stream m 
latl" 1992. The balance of the petrochemical manufactur
ing base of the region hai; shown a marked shift. A dec
ade ago, 76 per cent of all Asian ethylene capacity was 
bao;ed in Japan, as compared with 46 per cent today. 
Styrene, in Japan, declined from 89 to 53 per cent; 
polyolcfins from 69 to 40 per cent; and polyvinyl chlo
ride from 62 to 37 per cent. 

Table IV.32. llll1ylcae producaioo capecitica ia 
tile Republic: ol ICorca 

Capac11y 
loca11on (thousand 1onnu) Complcrion dale 

Yukong Ullliln us March 1973 
Dachm Ycochon 400 Oc1obcr 1979 
Oachm Yeochon JOO Sovcmbcr l'J89 
Yukong L'IHn 4SO December 1989 
Samsung Danan lSO June 1991 
l.ucky Ycuchon lSO July 1991 
llyunda1 Danan JSO Oc1obcr 1991 
D•ehan Onsan 300 l'ovcmbcr 1991 
llonam Yc0<.1on JSO March 19'J2 
llanyang YcCKhon lSO Oc1obcr 199? 

TOTAi. l lSS 

Snurrt: Piper prcscn1cd al lhc Bu11nc~;, Oullook Conference or 
1hc L'n11cd Kinadom Chemical lndus1riesAuoc111ion held on l.ondon 
1n January 1993. 

(a) Republic of Korea 

Unlike the ASEAN countries or China, the Republic 
of Korea is at the end of a si1.eable exp:msion phase. The 
challenge ii now faces is dealing with the overcapacity 
it:o; petrochemical expansion has created. Domc~uc dc-
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T•bll: IV .33.. Polyoicr• plUllKtilia capecitiea 
ia tile Rep.Mic oE lt.Gft8 

:-;amber of ~umber oC Ca~city 

Product producers plan rs (rbousand tonnes) 

low-density polyerhylcne 4 s SJS 
Linear low-densicy p..ilyethylcne 4 s SJS 
Higb-dens!ty polyetb)lcne 4 s 320 
Polypropylene 7 II I 230 

Source Paper presented at the Basincss Outlook Coarerencc or tbc United KinJ.dom 
Chemical Industries Association held in Loadoa in January 1993_ 

mand continues to show robust growth; the consumption 
of plastics grew another 11. 7 per cent in 1992 to nearly 
3 million tonnes, following a 5_4 per cent rise in 1991; 
it is expected to grow by another 6-1 per cent in 1993. 
But this increase has been swamped by capacity growth. 
Plastics production in the Republic of Korea rose almost 
40 per cent in 1992 to 4.7 million tonnes, and is forecast 
to climb an<>lhcr 8.7 per cent in 1993. Plastics exports of 
the Republic of Korea grew by 98 per cent to 1.9 million 
tonnes in 1992, with an increase of 11.5 per cent forecast 
for 1993 (22). Some 350,000 tonnes were exponed to 
China in the first six months of I Q92, or over 15 per cent 
of the total plastics production. Demand from China has 
undoubtedly helped absorb a huge amount of Republic 
of Korean output, and is expected to do so for another 
three to five years. Ethylene expansions have taken ca
pacity to 3.3 million tonnes per year. The company, 
Daelim, is also commissioning polypropylene and low
density polyethylene plants during the first half of 1993, 
and a linear low-density polyetftylene plant in mid-1994. 
Construction of new crackers currently is banned by the 
Government until 1995, as are polymers, aromatics or 
styrene projects, ex.:ept as a means of absorbing output 
from existing crackers. But profitability is so low that 
recovery is probably a long way off. Domestic prices 
remain depressed, and prices in export markets have 
been slashed to maintain market shares. On the basis of 
a profitability index of 1984=100, the petrochemicals 
sector of the Republic of Korea as a whole is estimated 
to have fallen from 200 in 1989 to just 5 at present (23 ). 

Firm l.ocarion 

Yanshan Petrochemical Beijins 
Shell/Cflinesc consoriium Huizhou 
Provincial/Sinopcc Guanphou 
Sinopec Maomin& 

(b) China 

Booming economic growth and improving living 
standards in China arc flll"lling a massive increase in 
imports, including petrod1emicals. That is expected to 
continue, and domestic manufacturing capacity is not 
expected to ~ able to meet demand during the J 990s, 
despite the extent of the expansion programme in China 
as reflected in table IV.34. China has been strengthening 
its economic links with other Asian countries. Many 
firms in developed market economies arc also seeking to 
participate in Chinese expansion, particularly down
stream petrochemicals and plastics projects, and compa
nies prepared to offer new technology arc being encour
aged. The majo1ity of foreign investment is currently 
taking place in smaller, niche sectors. At end 1991, there 
were over 1,500 overseas chemical investments, but only 
33 were valued at over $5 million, according to the 
Ministry of Chemical Industry (24). Sinopcc. producer of 
most of the petrochemicals of China, hopes to expand 
ethylene capacity from about 2.2 million tonnes per year 
to 3 million tonnes per year by 2000. In total, there are 
14 projects planned for the period 1991-1995. Even if all 
these go ahead, ethylene imports are still expected ~o 
remain at around I million tonnes per year. The Minis
try of Chemical Industry is pursuing an aggressive go.-1 
of export growth of 15 per cent per year, to reach a value 
of $10 billion by 2000 (25). Chemical exports in 1992 
were 59 per cent above the 1991 level, and imports rose 
40 per cent over the period concerned. At $9.6 billion in 

Capacily 
npansion On-stream 

(thousand tonnes) date 

ISO 199,Sll 
4SO Ill 
tlS 11,111 ,sl 
300 II ,Ill·" 

Chin~ Nalural Gas Dushanzi/Xinjians 140 11,111,sl 
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0onsron1 Chemical Beijin& 11S 
Formosa Plas1ics Xia men 450 
Local/Sinopcc Tianjin 140 

Chengdu llS 
Yueyans Complex Hunan 140 
Zhongyuan Complex Puyang/Henan 140 
Shijianzhuans Complex llebci 140 

S&t1ru: Chem Sys1em1 (Tarrylown, New York, February 1993). 
II Likely expansion, approved. 
Ill Planned. 
s1 Included in eish1-year plan. 

11,11/,sl 
Ill 

11,111,sl 
Ill 
Ill 

199,51/,s/ 
Ill 



11191. imports WttC more than double the value or ex
port.._. l'fone the l=ss. some 4 3 per 1.."Cnt or I~ Stale 
chemical enlerpri-.es t:f China expcrierk."CJ l~so in 
:'NC.>. 

( o /nJonesicl 

As a result of l.'te efforts of lhe Go1:emmen1 of CnJo
~ia to i'Cducc borrowing by m:uiring prnja:ts to be 
printcly funded. Jc\·dopment of !he chemicals sa:tor 
ha." slowai somewhat. BP ~micals and ib Japanese 
partners have bC\.·ome the first polyethylme prnd~"Cr in 
Indonesia. wilh the c·lmmissioning of its unit of 200.t.100 
tonnes per year. Start-up of the Chandra As,i compkx at 
Cilcgon. West Java. comprising an ethylene 1..T.M:ker of 
450.000 to 550.000 lonnes per year and ;i polyethyleilC 
unit of J•.xlJX.10 tonnes per year. is sd1cluled for ltJ95. 
1llc Golden Key Grr.~up is building up a s'.} rc:-nic:" com
plex worth S300 million and a polycthyk~/r ... _, pmpy
lene unit worth S500 rnil!ion at Serang. West L .. ~. -;c:hal
ulcd to 1..-orne on stream in mid-IW5. In a•kh•ion .. the 
complex will produce 200.0llO tonnes per )c:..i •lf pol}·· 
ethylene and 140.000 lonnes per ycar of polyprupyl~. 

(J) PhilippiM~ 

The most signilicanl pian to Jc\dop the Philippines 
pclroc:hemicals sector involves the ~l.aiO:·uwncJ Philip
pine National Oil Ctm1pany. The fimt is interested in 
participaling in a SI billion complex al Li may. Balaan 
Province. including a 350.000-tonnes-pcr-year naphlha 
cracker. Realization of the projccl is shll dislant. wi1h 
cracker consrruction delayed to 1997 or e\·cn bcyonJ. 
Downstream polymer plants for polyethylene. 
polypropylene, polyvinyl chloriJc anJ cthylcn.: glycol 
arc planned to come on stream ~ween 1995 :md 1997. 
About JO companies from Europe. Japan. the United 
Stales anJ Taiwan Province have been approached as 
potcnlial joint-vcnlure partners. 

(e) Taiwan Pm~·ince 

The petrochemicals expansion in Taiwan Province ha." 
enjoyed healthy development. despite the need to imporl 
the majority of the raw materials used. It accounted for 
32.R per cent of the tolal output of lhe manufacturing 
sector in 1990, with exports valued at SIR.R billion. Pro
duction value grew from S54 billion in 1990 to $61 bil
lion in IC)q2. covering acrylonitrilc. caprolactam. metha
nol, acetic acid and pure tcrephthalic acid. E1hylcnc oul
put is driven by the State-owned Chinese P~trolcum 
Corporation, which opcralcs three crackers and has an
olhcr under construction. Ethylene capacity in 1994 will 
be over I million tonnes per year. and the private-sector 
Formosa Plastics will add a further 450,CXJO tonnes by 
1997. For the future. high labour cosls arc likely to 
prompl lhc redeployment of downslrcam projects. prob
ably to mainland China. 

if> lnclie1 

The lihcrali1ation of the Indian economy and the pro
gressive opening-up In free trade has resulted in massive 
culs in pelrochemical tariffs, leading to significanl in
creases in imports of pla,tics ;ind fibre intermediates at 
competitive prices. At the same time. the devaluation of 
lhc Indian rupee h.ts put a question mark over the viabil
ity of pclrochcmical projerls in India, as co,ls im:rease 

f,.r machinery. equipntcnl anJ technology from oversea."-. 
l)c\·el•lpntcnt has therefore sluwc:-J in nllN or the petm
chen.Kal rm .. n1s ;n lnJia. llo1A.·e\·er. the State-owncJ 
Indian Pc:-1rochemi1..·als Corpnralton. " ~sing ~aJ 
with its Siii.i billion imest111Cnt for a cumplell ba_-.af on 
a 3CIOJltXl-1unne~-rer-yc:-a.r ga." cracker. In the pri .. ·ate 
scclor. Rdian1.."C tnJu~tries is also building a 400.(Jt)() .. 

tonnes-per-year cra.:kcr. 

(!(; \\-.•stem AsicJ 

In Western Asia. late lc:-y player is SauJi Ra.,.ic !!"!t•"· 
tries Corporatitm CSABIC) at Riyadh. It ha..; the only 
suklantial export-nrienll..-J peln11:hcmicals int!u.-.try in the 
region. anJ ha." managc:'J to remain prnfilable during the 
Jowntum ba:ausc of its cost-competitive f«d'iltll:k base. 
which is lower than that of any other exporting regitm. 
Despite the 1991 war in the Pef"ian Gulf anJ the pllen
tial pllitical instability it highlighsc:-J. capac:ity expansion 
in lhe Per.>ian Guif region ctmtinucs. Ch·er the next two 
ye3r'i. a number nf SARIC affiliates will be completing 
lheir current munJ of proje1..1s. while Saudi Arabia plans 
further in\·est~nts worth SIS billitm over the next 10 
years. Ele\·en of SABIC manufacturing complexes arc 
undertaking expan,.ion pmjccts aimal at raising capacity 
lo 20 million llmncs per year by 11195. Other Gulf Coop
eration Council counlries such as Abu Dhabi. Bahrain. 
Iran. Islamic RcpuMic of. anri Kuwait are also pressing 
ahead wilh expansion plans. The Petrochemical lnJus
triC'i Co. of Kuwait plans a S2 billitm petrochemical 
complex. even if it caranol find a foreign partner. 

4. Trchnological trrnds 

There ha\'C been few major lcchnological Jcvclop
ntcnts in the pctnl\:hemicals sector. still lw by the United 
States. Wcslem Europe and Japan. One major advance 
currently being commcrciali1eJ is the Jcvclopmcnl of 
~tallocenc calalysts lo improve pllymcr yields for 
polyethylene. polypropylene and polystyrene. Most com
panies have di\·crsificJ downstream from petrochemi
cals. and lend to focus efforts on core busincs'iCs. The 
exception is in growlh areas like mc:hyl ten bulyl ether. 
where Jcvclopmcnts can still be expected as the industry 
grows. Refinemcnls of exisling technologies conlinue to 
be introduced. resulting in lower production costs, 
higher-quality producl grades. or materials wilh adJi
lional properties. 

S. Environm~ntal a11d ~nrrgy con.filleralions 

The chemicals indur.try remains under pressure, in
creasingly because of problems su1;h as environmental 
pollution and global warming. Most regulatory issues arc 
driven by cnvironmcnlal concerns. such as lhe Clean Air 
Act in the United States which. while focusing on refin
eries. al'io has major implications for the chemicals in
dustry. It curbs petrochemical emissions coming from 
refineries, and has increased lhe demand for octane en
har.cers such as methyl ter1 butyl ether. The growing 
movern..:nt towards the impo!<iilion of an e•'ot'rgy tax being 
discu'lsed in Japan. the lJni1cd Stales and Europe will 
place additional financial pressures on the petrochemi
cals industry. Another major issue is the excessive solid 
waste resulting from plastics. mainly because of their 

177 



high 1.'l'IRtcrl in 1."l.'ll.._Umcr good-. fnun toys lo auto
mobiles.. and hc-avy applic011ion_-. in packaging_ Comp;i
nics. p;anica.larly in the- United Stales and Westnn 
Eumpe. an: in\e'lling incn:a.-.ing amounL-. oi lime and 
money in m:yding efforts. bill the- financial n:tum-. on 
material n:cyding have been low. and colkcli•m and 
sep;ar.lli•'IR is still frJgmcnlcd. ex1.-cpl whc-n: Governments 
1-.ave stepped in. a_" in France and Gcm!any _ European 
k.-gislalilm on recycling pla_'lli1.-s wa.-.te is forccasl to de
pn:s.-. polymer gmwth rates by about 2 per cent through
out the- 1990s. Despite i:nprm·ed le~hniqucs. incineration 
with energy recovery is still widely unpopular with the 
public. Incineration technology still has lo be improved. 

lndu...-.try initioitivcs an: spn:ading worldwide thmugh 
the- intmduction or self-imposed stindanls lo kttp ahc-ad 
of govnnmenl ~tri1."til'IRS. International firm.., an: setting 
the- p;11.-c. and most impose uniform slandard-. al manu
facturing planL-. worldwide. in the hope that others will 
be fon:ed by public and government pn:s...un: lo follow 
suil. 

6. Short- tuUl wudi11111-t~rm outlook 

Cuncnl auempl'i to incrca..;c: "3pacit; in developing 
countries will continue to end: United States and Euro
pean petrochemical export markets. Constrainl"' •m fund
ing al the g1wemmcnl level and cutbacks on capital 
spending within private-sector firms in de\·eloped market 
economics could slow down dc\·clopmcnb in Asia and 
the- Pacific. 3.\ well a.o; pri\·ati7.alion programmes in Cen
tral and Ea.'ilcrn Europe. Political instability in parts or 
EunlpC and Asi.: and the Pacific v;ill also be a factor in 
spccdinJ? up petrochemicals expansion. The forcca."l for 
world ethylene production in 1994 is snmc 76.3 million 
tonnes; the breakdown by reg;,m is given in figure IV .16. 

FigL:re IV.16. Forecast of world ethylene 
production, 1994 

T oCa1 76 3 "'"""'" 1"""4K 

E """'" E "'°"". r~usSR 

Soutat. TrlChem Consul!Jnls Lid . Annual~ and S·r-ar For«al 
(London. 1992) 

There arc rcw sign" that th(' petrochemical industry in 
Europe will pick up in 1he short term; mergers and alli
ances will help profi1abili1y. and a more balanced supply 
and demand 'iiluation is c11pcc1cd hy 11)96 or 199H, de
pending on lhc success of lhe ralinnilli1alion moves hc
inJ? diM:US'it'd. In 1erms of clhylcnc. ii is reckoned lhal 2 
million 1onncs per year of capaci1y needs lo he closed, 
e<1uivalcnt 10 three or four big planls. Rcstnic1uring will 
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he the- main focus of 02etivi1y for 1."0l'llpanics in the ~il'IR 
Cosl-1."utting will also n:sull in job l~. cspccioally in 
Germany. 

lkspitc fo•a.01...rs for a11 fi"000111ic ra-..Jvcry in 1993. 
gmw-th in United Stales prodlk."tiun is ellpcclcd lo be lim
ited. with exports experiencing further declines ;as new 
0\-C:rscas c;apacity 1.·ontinucs to 1."tllllC on sttt:un. Lower 
feedstock pri1.-cs will probably n:sult in pri1.-c dcl.-n:a.scs. 
leading lo invento. y rcdlk.-tions. HrnA.-cvcr. prosJICl."t."' for 
t.'l>lllRkldity pla...;ti'--s ...c impmving in North Amcri~;a; 
I 1niled Stales output jumped 6.2 per 1.-cnt in 1992. to an 
estimated 30.3 million tonnes. and some prit.-c ilk.-n:oascs 
have held (201. 

World cthylme pmdlk.-tion fortta.~s an: given in table 
IV.35. In 1993. Japanese ethylene demand is cxpc1.-ted 10 

n:main constant. with no gmwth rmm 6 million tonnes in 
199.!. On the other hand. capacity is sci to int.-n:a.o;c from 
6.7 million to 7.3 millillll tonnes. Little he-Ip is CXj>C'-"tcd 
rmm the public spending pmgramme or the (J<J\-cmmcnl 
or Jap;in and il'i 1993 budg~ which is aimed at stimu
lating the economy or the country. Economic perform-
31k.-C in ASEAN countries is expected to remain mbu.st. 
with commcn.surale gmwth for petrochc-mic:als. With the 
exception or Singapore. the per capita 1.-00..sumption of 
petrochemicals in the ASEAN countries is still low. com
p;ircd with that or dcvclupcd countries. Per capita plas
tics demand in Indonesia. for example. wa.s just 3 kilo
l?rams in 1991. and 12 kilograms in Thailand. against 50 
kilogram'i in Japan 

Pctmchc-mical imports from acvclopcd market econo
mics arc likely tu fall in the Asia and Pacific n:gion. 
from 3.4 million tonnes in 1991 to 2.R million tonnes in 
1996 (261. The Republic of Korea and ASF.AN .:ountries 
will switch from being net importers or petrochemicals 
lo net exporters. The Republi.: of Korea imported 
400.000 tonnes or pctrochemicab. in 1991. but will have 
an export surplus or 700.000 llmncs by 1996. Conc
sponJing figures for ASEAN countries arc imports or 
600.000 tonnes in 1991. with expected exports or 
100.000 tonnes by 1996. In China and Taiwan Provioce. 
import deficits arc expected lo increase over the period. 
from 800,0<X> tonnes to 1.5 million tonnes. and from I. I 
million to 1.4 million tonnes, rcspet:livcly (261. Japan, 
which imported 200.000 tonnes of petrochemicals in 
1991. should sec a traoc balance by 1996. 

The high COS( of privali7.ation and restructuring is 
dampening progress in Ea'item Europe. In the lcrrilory of 
the fo~r German Democratic Republic. for example. 
the Trcuhandanstalt privati1.a1ion agency will spend S7.7 
billion in 1993 on the chemical industry. split roughly 
equally between paying off debts, covering operating 
losses and new investments. The toll on johs is huge. 
falling from 80.CX)() employers before reunification lo 
roughly 15.(XXl hy the end of 1993. Potential investors in 
petrochemicals arc rare throughout the region. often dis
couraged hy environmental problems and the lack or 
basic infrastructure. Privati1ation prol!rammes have been 
slow to attract subslanlial interc:-t fmm developed mark~t 
economics, althol.gh some successes in the more devel
oped counlrics like Hungary and Poland arc evident. 

Finali1ation of two planned free lradc agreements, one 
focused on North America between the United Stales. 
Canada and Mexico, and the other between the European 
Community an<l the (iulf Cooperation Council. will he 
significant for tht world's leading pelrochemical produ
cers. It is likely that the protracted GAIT negotiations 



TaM£1V..3S. Wmlll mJic-~ ... buM1., n:p.. ttn-1""1 
(~illioa IO!lftCS} 

~·ttntagc PcrC"Cntagc 
Type of data change clla&cc 
aad~ioo 1919 1990 1991 199? 1993 l'l'M 1997 1919· i99? 19'13·1997 

E1llylc11e capacity 
Sortla Am.:ric:a 19.9 .?I.!) ??.? ?l.S 23.9 24.7 2S.S 11.09 6.69 
Wcstera Europe IS.O IS.4 16.4 17.S 18.S 19.2 19.3 16.67 4.3? 
r~t Asia 9.6 11.0 u.o 13.7 14.6 IS.I 19.S "42.71 33.56 
Wcstcra Asia and Africa 3.S 3.1 3.1 3.9 4.3 S.l S.7 11.43 32.56 
Latia Alllcrica 3.3 3.6 3.6 4.0 4.4 4.S 4.7 21.21 6.12 

World ndudiag 
Eastern Europe 
and former USSR SU S4.I S7.9 62.7 6S.7 69.4 74.7 22.22 13.70 

F..astcra Europe 
and fonaer L"SSR 6.9 6.9 7.0 c..1 6.9 6.9 7.0 ·?.90 l.4S 

World S8.2 61.7 64.9 69.4 72.6 76.3 11.7 19.24 l2.S3 

EtllylcK production 
Woriof nch1ding 

Eastem Europe 
and fonacr USSR 48.2 SI.I Sl.2 S6.4 S7.9 60.3 61.2 -17.01 17.79 

Capacity utilization 
World cxludia& 

Eas:crn Europe 
and rormer USSRli 94 93 92 90 18 87 91 -4.00 3.00 

Sot«r. Tri.:l1cm CoasultiU1t5 Ltd .• Allll1IOI 111\Vw tllfd S.yrar FarrcllSI (London. 1992). 
II Pcrcenragc. 

will eventually implemcnl tanff reductions on most 
chemicals, and this will lessen any pos."iible ·.:-tdc shifts 
that might result from these or any c;thcr regional free 
trade agreements. 

F. f"me chanic:als (par1s of ISIC 3512, 3522, 
351102)* 

The world line chemicals indu"itry is a highly impor
tant science-ba."ied manufacturing business wilh slmng 
growth prospect-;_ It provides lhe important chemical 
building blocks for a range of products, including phar
maceuticals, agrochemicals. speciali1.ed pla."itics, indus
trial chemicals, food flavourings. photographic and elec
tronic chemicals, dyes and pigmenK Most line chemi
cals are organic, carbon-ba."ied compounds made i:i low 
volumes by complex production routes and selling for 
high price.<;. A typical fine chemical sells for above $5 a 
kilogram. For some particularly complex intermediates, 
such as pharmaceuticals, the selling price can be S IOO a 
kilogram. In contra.'it, a bulk petrochemical produced in 
high volumes, for example, a commodity plastic such as 
polyethylene, often llCll~ for less than SI a kilogram. 

The industry is charac1eri1.ed by an extremely frag
mented supplier base, with hundreds of importanl com-

•UNIOO ac:k-lcdgrs lhc: contril!ution of Peter Manh. Finanrinl 
Timn 

panics each having a relatively small portion of the over
all market. 11lcrc seem to he more than I0,000 important 
fine . chemical product<;, with m~t compound."' having 
relatively small qles of some SIO million a year or les."i. 
Typically, each pa·'l<fuct area is served by several com
peting companies (271. 

Usually suppliers in this industry are relatively little 
involv~ in the final applications of the product. Excep
tions are likely wh:-re division.<; of individual companies 
supply to other divi.>ion."i of the same business, a"i is often 
the c1.se for big pharmaceutical and agrochemical indus
tries. Similar arrangements are also often seen for large 
integrated chemical companies that may have their own 
speciali1.ed fine chemical divisions. 

Even in instances where the supplier-customer rela
tionship involves different parts of the same company. ii 
may be pos.-;ible that details of product application are 
kept hidden from the producc.r of the c~mical. Other 
instances in which sharing of information between dif
ferent parts of the same company is minimi1.ed concern 
cases where the cuslomer investigales rival sources of 
supply. including outside lions as well a."i other divisions 
of the same company. Thal could happen in an etfon 
eit~r to force suppliers to bring down costs or to in
crease lhe qualily of lheir products. 

The range of final produce markets and the high-value 
and low-volume aspects of lhe indus•ry make ii an attrac
live one for newcomers. However, the high R and D 
cosls and the complexity of many of the production pro
cedures conslitute barriers lo entry. 

In lhe fine chemicals seclor virtually all lhe production 
and an overw~lmingly large proportion of consumers 
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3tt in ~ Jc,·doreJ '-·oumries. ~ l'e\.-es .. ion ha.'i causeJ 
indu .. 1ry saics to Jcxline in recer.t years. hut sales shoulJ 
expand l;iter in the ! WOs. During the late 19Klk. real 
inflation-adjusted !!mwth wa..; 5 to 10 per cent per year. 
In 1he early l~Mk it Jecrea_seJ ll> only about 2 per cenl. 
but gmwth coulJ again rise to J to 6 per \.'Cl.t per year by 
W !ale 1990s [:!Kl. 

Pulling a value on lhe g!ohal output of the line chemi
caals ind1L->tl)· is Jiflicult. This is partly because Jclini
tions m·er exa\.1ly what constitutes a line ch'!mical \·ary 
wiJcly. Also. a large pmponion of the output is c1mtrol
lcd by big chemical companies which use !he m.&terials 
in a \•ariely uf proJucts sold to industrial \.-Ustorncrs. 
Such comp;mics ~ly Jj,·ulge the \·alue of lhc inter
mediate pmducts used in lheir inlemal rrnduction pro
CCS~- Thal adJs to the problems of coming up wilh an 
overall figure for lhc output of the worlJ fine chemical 
industry. Howe,·er. the best guess is th"' in 1991 the line 
chemical SC\:tor wa.s rcsJl'msible for sales of SJO billion: 
thus. il is 1mly a small pan of lhc world chemical" indus
try. wilh overall sales of Sl.206 billion in 19'>1 (291. The 
main geographic markets and production ha.'iCs arc West
ern F:..mpe. lhc lJniled Slales and Japan: together they 
ace.Kint for about 90 per cent of wnrlJ sales and output. 

The induslry is lcchn•>logy-oriented. in thal many of 
the advances in the industry relate tn new prnJucts with 
specific chemical propenics that can Jn panicular jobs. 
For instance. a line chemical thal ends up in a new phar
maceutical may ha\·e haJ to be designed in a research 
laboratory with a specific propeny in mind in tcnns of 
the way il affects a physiological process in the human 
body. That is one rea,.on why the inJu-.try is more impor
tant in developed countries with strongly developed tra
ditions in R and D and in technical skills. 

More panicularly. process ir.n<wation is probably still 
more imponant th;m the cxpeni'iC reljuired to devise new 
chemical entities for specific jobs. The production pro
cesses involved in the sector are often extremely in
volved. rcljuiring perhap" 10 In 20 discrete production 
steps under cxactinl! chemical condition<;. The combina
tion of chemical routes chosen to make a particular line 
chemical will often be cmcial to the quality of the final 
malcrial and the co~h !;f its production. These aspects 
are often vital lo the success of a panicular company in 
fine chemicals. 

Even though the main producers ;ire in the lcadins 
developed c1•un1rics. some l'ilCs arc \laning to make 
headway in the indu'itry. either through the cffons of 
established international companies or indigenous busi
nesses. The NlC<i concerned include Rra1.il. India. 
Malaysia. Pakistan. Republic of Korea and Taiwan Pro\·· 
ince. llnwc\·cr. these cnuntrie" and area' stan with a 
handicap in lhill th~y need 'pcciali1Cd .. kill'I in manufac· 
turing techniljlle'> rcl111ired 111 produce high-value. highly 
compk' chcmic;1l ingredienls in an eiurerr:dy pure form. 
These level" of c;1pahili1y cannot he created overnight. or 
even in several year ... They need many year". often dec
ades. or lahoriou,ly de\clopcd training infra'ilmclurcs 
ba~d on uni\·er.,i1ies and othr:r rc~arch organitations. 
Thus for the for~sceat>le fu1ure. the l'ilCs will probahly 
havC' to he cnnlenl wilh plo1ying only ;1 rnoperalive role 
in this particular hu,ine"'· 

The pan pl;1yed hy NIC" i' likely lo be ha,.ed either on 
seilinl? chemical' thal ar.: le'" technically advanced lhan 
those made in devdnpc.I cnunlrie'i; or on selling under 
licensing agreemcnl" nt'w producls invl"nlC'd by largt' 

l!IO 

tr.msnational corporations: or on acling a.s strategic mar
keting and manulacturing cent~ for major companies 
headljuartered in Jc,·eloped \."lJUntrics. 

Th.: fine chemicals industry is a subsn1or of lhe world 
chemicals induslry; as noted abon~. sales of the latter 
stood al S 1.206 billion in 1991. A gei>gra!Jbic hrcakJown 
of sales for the ch~micals industry a.'i a whole can be 
seen in tab!e IV.36. 

Tabk IV.36. Sa ... al tllc world ckaicllls --l'J'. 1999 Hd 1991 
( Bdhoa dollars) 

S.lcs Pcrcea1acc 
Economic &roup1n& sbuc ol wwkl 
rc&aon or counlry 1919 1991 ou1pu1 1n 1991 

Weucra Europc ~o 411 l4. I 
Sor1b Amcnca ?7S 217 ?l.I 
Japan 190 Ill IS.2 
Rest oC world. 
ol •llich l2S l?S 26.9 

Otber Easi Asia 
nclud•n& Cll1aa 39 

India 2S 
Western Asia 12 
Alric a IS 
Cca1ral America aad 
South America S4 

Eastern Europc 170 

Total 1 llO I 206 100.0 

Sou«n: l:n11cd K1n&dom Chemical Industry Association. Cllnnufll 
/n.bulry M'1111 M.rins (1.ondon, 1990) and ;iriva1c correspondence 

While Europe. the llnitcd States and Japan are simi
larly positioned in the line chemicals hranch as in 1hc 
larger chemicals industry as a whole. the relative posilion 
of de,·cloped countries is much less important. This is 
explained hy the high-value speciali1.cd characteristics of 
mo<il fine chemicals. which arc aimed mainly al markets 
in developed countries. 

(cl) Major mmpcmie.f in the indu.flry 

As is evident from figure IV. I?. the proportion of the 
output of the line chemical industry in W:stem Europe 
is slightly higher than the market for fine chemicals in 
the region. For the United States the position is reversed. 
This results from the particularly large markets in the 
United Slates for specific applicalions to which fint: 
chemicah. lend thcmsclve ... for example in pharmaccuti· 
cal<. and agrochemicals. Western Europe is a significant 
net cxponer of line chemical ... with some large suppliers 
of chemicals such as Ciba (iei~y and Sandot (Swi11er· 
land). ICI 1lfni1cd Kingdom). and Rhime-Poulenc Rorer 
(France) hcinl? amonl? the main beneficiaries of thi~ 
trend. Oulput ;md sales for the new growth regions is 
given in tahle lV .. H. 

Major companies in fine l"ht'mical" include many or 
lhc largest l?roups in lhe chemical<; business as a whole. 
oncn these have <;pcciali'l divisions which are rcspon,i· 
hie for tht' manufoc111rc of fine chemical,, and which 
produce materiai., solely for the U\C of otht'r departments 
of lhc 'iamc company. Specifically. many of these chemi· 



Figure IV.17. World prodi.:ction of fine chemicals. 
1991 
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Figure IV .18. Production of selected major fine 
chemicals companies, 1991 
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thi: I ·1111.:d Krn~dnm 1h,•rt• ;irt• ;trnt1111! (IHI. 
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Produclion Produc1ion 
Firm (million dollars) Firm (million dollars) 

Ciba-Geigy (Swiuerland) I 660 Johr.son It Johnmn 
Bayer (Germany) I 520 (Uni1ed S1a1es) 380 
ICI (Uni1ed Kingdom) I 310 Pfizer (Uni1cd S1a1es) 370 
Rhi>ne- Poulcnctl (France) I 240 Takeda (Japan) 280 
llocchsl (Germany) 1 170 American Home Produc1s 
Dow Chemicals (Uniled Slales) 930 (Uni1cd S1a1u) 270 
Monsanlo (Uniled S1a1cs) 790 Schcring Plough (Uni1ed S1a1cs) 260 
Du Pont (Uni1cd S1a1es) 760 Upjohn (Uni1cd S1a1cs) 260 
Merck (Uni1ed S1a1es) 720 Wcllcomc (Uniled Kingdom) 240 
Glaxo (Uni1cd Kingdom) 640 Sankyo (Japan) 210 
Scbcring (Germany) 610 As1ra (Sweden) 210 
Bristol-Myers Squibb Warner Lambcrl (Uniled Stales) 200 
(Uni1ed Stales) 590 Shionogi (Japan) 200 

Sandoz (Switzerland) 440 Fujiwawa (Japan) 180 
BASF (Germany) 440 Yamanouchi (Japan) 180 
S.nilhKline Beecham American Cyanamid 
(Uniled Stales/United Kingdom) 430 (United States) 160 

Eli Lilly (United States) 410 Syn1cx (Uni1ed Stales) 140 
Roche (Switzerland) 410 

Soruu: Es1ima1es based on Peter Pollak, "Fine chemicals ou1look for the year 2000·, paper presented 10 the 
mcc1ingoC the European Chemical Market Research Association, held in London rrom 14 10 lo Oc1obcr 1991; and 
Barclays de Z.OCle Wedd lnvcs1men1 House, Oudoo4 for Wdlcome Drup Company (London, May 1992). 
II Including sales by Rhone-Poulenc Rorer and by Marion Merrill Dow. 

mcxliry chemicals to extract value from producLo; made 
from mainstream processes. These include. for example, 
the production of oxime derivatives from caprolactam 
production or the manufacture of bcn7.aldchye from the 
conversion of toluene tu phenol. 

The more spcciali1.cd producers of fine chemicals tend 
to be smaller companies. For example, Lonza of Switzer
land consider fine chemicals to be its main business [27). 
It tend<i to concentrate on specific niches of the business. 
such ao; fluorinated intermediates or diketenes. They arc 
often not integrated into "upstream" businesses, but 
rather sell their products to other chemicals groups which 
use them in making final products sold lo a consumer or 
industrial user. Often such companies make a strong 
point of being independent and not competing wilh their 
cus1omcrs. Frequently these companies compete by 
working closely with customers and providing high qual
ity, reliability and good service. 

The third main group of companies arc the ones that 
mainly make speciali7.cd cnd-producto;, such as pharma
ceutical or agrochemicals. These companies include 
mostly the major drug companies, namely Merck, Glaxo 
and Pfi1.cr. 

A useful distinction relates to the proportion of the 
industry as a whole that is taken up by "in-house" or 
"captive" markets. where a division of a company makes 
its product for use by another division of the same firm, 
and the proportion that is "merchant", where the chemi
cals arc sold on the free market. The breakdown of these 
markets shown in table IV .39 indicates a SR per cent 
share for "captive" compared to 34 per cent for "mer
chant" markets. 

( h) Product differl'ntiatinn 

It is helpful 10 define the ways in which fine chemicals 
differ from other parts of the chcmical:o; industry, such as 
bulk chemicals and specialty chemicals (sec hox IV. I). 
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Table IV.39. Piac ckaicals mamtia& 
llClwork, 1991 
( Percen1age) 

Type 

Capti<-r 
In-house production 
or large chemiral/pharma
ceulical firms 

M~hant 

Independent fine chemical 
companies 

Small pharmaceulical groups 
Other!' 

Outpul 

58 

13 
21 
8 

Source: Estimales based on correspondence 
wilh ICI. l.onc!on. 

ti Including fine chemicals departments of 
small chemical firms. 

In some ways fine chcmil·als can be thought of as having 
characteristics between th1,sc of the other two segments 
of the industry. Bulk chcn• icals arc made in very large 
volumes which are sold at high prices with very little 
differentiation bctwern the same hasic product sold hy 
different companies. ;)pecialtr chemicals arc made in 
low volumes, with a sp.~cific 1111tcrial targeted at an in
dividual producl application. There i:; also a high degree 
of production dcvi1tcd mctinly to markets for chcmi'its 
(271. 

In terms ol volumes in which differ~nt kinds of chemi
cals arc made worldwide. bulk chemicals are normally 
produced in volumes of 10,000 tonnes a year or mor.-. 
while fine chemicals are made in smaller volumes. Vol
umes of s1~cialty chcmical:o; can vary widely. Bulk 
chemicals are 'iold almost exclusively on a price hasis, 
hecausc a specific hulk chemical is unlikely 10 vary in 



Box IV.1. Industry characteristics by chemical sector 

Industry Bulk Fine Specialty 
characteristics chemicals chemicals chemicals 

Product life cycle• Long Moderate Short/moderate 
Product range 

(number of products) Hundreds Thousands Tens of thousands 
Product volumes• More than 10,000 Less than 10,000 Highly variable 

tonnes per year tonnes per year 
Product prices per Less than $5 More than $5 More than $5 

kilogram 
Product differentiation None Very low High 
Value adde<:J Low High High 
Capital-intensity High Moderate Moderate/low 
Rand D focus Process Process Application/product 

improvement development 
Customer focus Non-chemist Chemist Non-chemist 
Importance of key 

success factors11 

Cost position High Average Low 
Technical service Not relevant Average High 
Close links with 

the customer Not relevant High High 

Soun:e: Ennics Polastro. The Fine Chemicals Industry: the Chalenges at the Tum of the Century (Brussels. Mhur 0. Little, 
1992). 
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at"ypical examples. though exceptions may occur. 
i>Relalive importance. 

tiuality .:hara.:tc:ri,ti..:' hy more than a small amount from 
one \upplier 111 another. However. a fine .:hemi.:al is 
likdy hl be sold partly on the hao;io; of its pri.:e and partly 
in relation 111 4u;11ity and spe.:ili.:alion. A specially 
..:hemi.:al. on lhe other hand. will be sold almost exdu
siH~ly on lhe h;1,is of ito; quality or the parti.:ular appli
l·;uion for whi.:h ii is lailon:d. wilh less emphasis on 
pri.:e. 

A rough nth: i' that fine .:hc:micals. along with hulk 
.:hemi.:ab. are sold on the hasis of whal they are. Cus
tomers know bettc.-r how to use the..-.· than suppliers. 
Spe.:i;1lty l'hemil·ah. on the other haml. are sold on the 
hasis of what they do. In other words. the spe.:ific details 
of their performan.:e are what mailers. It would appear 
that it is not ;1lways \·ery easy to .:ategorite fine chemi
cals differently from hulk chemic;ils. Even so. some gen
eral guideline-; apply. These are illuo;traled in figure 
IV.17. whil'h gi\·es the main charncterio;tics of the line 
chemicals industry in relation to both speci;ilty chemicals 
and hulk chemic.ib. 

The various demar.:ation line-; shown can he best illus
trated hy some spe.:ilic ew;amples of what is normally 
constmed as a commodity or hulk chemil'al. such as the 
material called oxylene. This materi;il ha\ more than 20 
application,, sells al around $0.~0 per kilogram. and has 
ahout IOO producers anll IOO 'uppliers around the world 
1-' 11. It is fairly o;imple to make. re11uiring just one manu
fal·turing o;lep. Total world produl'lion is q1111e high. at 
25 million tonneo; per year. As an ellarnple ol a finr 
diemical. a J-;1mino·2·carhoxyl-4-chloro-he11111phcnone 
i.:ould he i.:onsidcred. This has just one applil'alion. ih use 
in the produclion of a spel'ific drug. It l'osts more than 
$Ill per kilogram, is made in volumes of just I Oil tonne~ 

per yea:-. and has only one supplier and one customer. 
The production procedure is fairly complex. requiring 
live discrete steps. 

( c) Murkc•ting and tech1111foxy 

Among the most important charact~ristics of the fine 
chemicals industry from the point of view of marketing 
and technoloi:y are a high rate of invenlion of new prod
ucts and relatively low-volume production with high 
sales \'alue. C'ompetit1. 'n is largely (as with bulk chemi
cals) based on price. but with factors such as technologi
cal sophistication of the production route and availability 
of product also important. R and D is f1x:used on the 
manufacturing aspects of the husiness. though product 
innovation can also he important. The industry possesses 
a wide product and customer range. which makes lhe 
sector not as affected as bulk chemicals by changes in 
world economic cycles 127). Finally. lhe sector is driven 
hy emerging applications in diverse cus1m11er areas. such 
as dmgs. food navourings. electronic and photographic 
chemicals and water treatment compounds IJOJ. 

.1. Main type.f of fine chemicaLf 

A few of the specific types of line chemicals as cat
egori1ed hy hasic l'hemical type are as follows: acyclic 
alcohols. not including plasticiters, detergent .1lcohols 
and propylene gly.:ol; aldehydes and their derivatives; 
amide funl·tion compounds; amines, excluding 
methylarnines, hexamerhylene diaminr aniline and :;alls 
of these compounds; carholic acids; .:yclic alcohols and 



their derivatives. exduding phenol Divo. a.wand a1m.y 
compound"; en1vmes; hetewcydic compounds. e'.\dud
ing lactam'i. hyJr.uine and hyJwx)·lamine Jeri,·atives; 
imide and imine function compounds; inorganic esters: 
monocarboxylic acid ... esters and salt ... exduJing acetic 
and methacrylic acids; organometallic l·mnpounds: 
organo suli'hur l·ompounds: oxygen function amino 
compounds; and sultunes and .sultam.s. The de~ree of 
\.·omplexity of these materials both from the point of 
view of their chemical structure and the ea...e with which 
they can be made often varies widely. Some fine chemi
cals can easily !:le Cl•nfused with hulk chemicals because 
they are made in relalively large \"Olumes and have a 
wide range of applications. Some fine chemicals arc also 
quite hard to tell from .specialty chemicals be-.:ause they 
are made in very low volumes for which the number of 
uifferent applications is limited. Questions of definition 
can often be confusing. 

A specific compound. :!-chlom-5-( 1-hydrox y-3-oxP- I· 
isoindolinyl) ben1.cnc sulphonamide provides an exam
ple. This is normally categorized as a line chemical. It is 
sold for only one application. the manufacture of a spe
cifo.: drug. It costs about SIOO a kilogram. Howe\·er. 
once it is turned into a tablet and marketed as a drug to 
lower the water content of the body (this specific phar· 
ma\.-eutical is called chlonhalidone). it becomes a 
specialty product. At this point it also commands IO to 
20 times the initial price (3 JI. 

At the same time. line chemicals can be usefully cat
egorized into three broad cla.'ise.s (321: standard inter
mediate ingredients: standard bulk active ingredients; 
and custom-.synthesi1.cd molecules. In general. st;mdard 
intermediate ingredients have a relatively large nu111'1er 
of applications. as compared with the other two types 

whil·h nomially have only one application. Th.- stanJanl 
intemiediate ingredients aho generally stay in production 
for a relati,·ely long time. ~;m..e the chemical' for 
which they are used as a rJw material are proJm:ed o\·er 
a period of time owing tu the- naturr of their applic;1tion ... 
The other two types. in contra.'it. are often in production 
for nniy a relati,·ely short time bcforr they are super
seded by another chemical tha! turns out bl:ue-r on 
ground" of either qualit~. cost. ea.se of use in production 
or greater applicability in terms of the final use of the 
end-product. The different chara..:!e-ristics of ea\."h. ;1s 

summari1ed in figure IV.19. are funher e'\plained helow. 

! ") Standard intemu·diate.{ 

Standard intermediates ;ire represented hy a great 
many chemicals used a." building blocks in the rnnstm.:
tion or other malerials. Examples are D-phenyl-glycine. 
malonitrile. 5-nitroisophlhalic acid anJ dialkyhhio
phosphates. They are used in the synthesis of ulher 
molecules. such as ampicillin. 1riamleren anJ iopamidol. 
with applications in area." like heahh care and agro
chemicals. 

These products share several characteristics. They 
ha\·e a relatively long life cycle of 20 )ears or more. lhat 
is. the period during which saks can be made al a profit 
(321. Their synthesis often involves a special le\."hnical 
step. such as nilration or hydrogenation or access to a 
key raw material. including hydrofluoric acid or hydro
gen cyanide. 

For inslance. the syn1hesis of benw-1rinuommethyl. 
an important intermediate in the production of herhicide" 
such as trinuorin. requires access to chlorine and 
hydrolluoric acid. Moreover. there are often a range of 

Figure IV.19. Principal segments of the fine chemicals Industry 

Types of 
structures: Very broad range 

Applications: Oflen several 

Life cycle: Typically 10ng 

Basis of 
competition: Low delivered poce 

Impacts of raw 
materials costs: High 

Sranctard bulk actives 

Very broad range 

Single 

Relatively short 

Low delivered pnce 

Highly vanable 

Cusrom·synthes1zed 
molecules 

Retatavely few 

Single 

Unpredrctable 

Commercial flexible 

Limrted 

Source: Enrico Polastro. Jennifer Slahr and John Nyatron. Production Strategies lor Loaderth1p in Fine Chemicals (Burlington. !lllassaehu'8ns. Osc1sion 
Resources. 1991). 

184 



suppliers of these kinds of materials. This means that 
produ"-ers hav.! to watch costs and often compete in 
terms of final price, not much different from the situalion 
for commodity chemicals. Finally. the costs of raw ma
terials are an important factor determining tne final price. 
Typically, the raw materials can account for 40 per cent 
of the final price a customer has to pay. 

It is not possible to generalize the volumes in which 
standard intermediates are made. These can range from 
very low to very high. depending on the specific material 
and its final application. 

(b) Standard bulk actfrts 

These materials are mainly seen in the pharmaceutical 
:md agrochemical industries, where they are used at vari
ous stages in the manufacture of products. Generally, 
their life cycle is short because of the relative ease with 
which they can be replaced by other chemical building 
blocks that do a better job. They are often synthesized in 
a number of steps involving starting maierials that may 
belong to the class of standard intermediates (or possibly 
chemicals derived from these products). As with the 
~tandard intermediates market, specific products of this 
kind may be supplied by a number of rival producers. 
Hence, pri.;ing strategies are extremely important to the 
ultimate survival of a particular supplier of a standard 
bul!c active. 

An example of a standard bulk active is the starting 
material for products such as analgesics or painkillers. 
Here the bulk active may need to be turned out in a large 
volume of perhap~ :housands of tonnes a year. At the 
other extreme. a bulk active could be made in much 
lower volumes, such as for use in the production of rela
tively specialized drugs, for example, those which com
bat rare blood disorders. 

(c) Custom-synthesized molecules 

Custom-synthesized molecules cover a smaller prod
uct range. Their chemical characteristics depend entirely 
on what the customer requires. They are the eqt:ivalent in 
the chemical industry 10 designer clothing in the gannent 
industry. They are tailored to a specific application; once 
that applicalion is no longer relevant, or the specific 
customer no longer has a need for the end-product for 
which the raw materials are made, then the production of 
the custom-synthesized molecule will probably cease. 
This is another way of saying that the life cycle of these 
substances is exceedingly short. Often custom-synthe
sized molecules are made by suppliers who are very 
quick in meeting customer demands. They will have had 
to inves1 in sophisticated plant that is capable of making 
complex chemicals in small production runs, and then 
altering them to make other substances for which an 
application has become apparent. 

In many ways, cu~tom-synthesized molecules are the 
mosl ir.•eresling type of fine chemical. They are charac
terized by the following: 

(c:) They have an unprl"dictable life cycle, which is 
related to the fate of a single end-product; 

(h) Their produc1:on often involves long, complex 
stages of synlhesis. As a result, manufaclure is usually 
left lo specialist suppliers with lhe necessary expertise in 
lerms of hardware, lechnology skills etc.; 

(c) Price plays only a limited role in determining the 
su'-"Cess of the supplier. Commercial flexibility. back-up 
services and relationships with the user chemical com
pany are also fundamentally important; 

(d) The price of raw materials for these compoJnds 
is relatively unimportant in determining the final selling 
price. Frequently. the price of the raw materials accounts 
for 40 per cent or less of the price of the final custom 
product. 

4. Production technology 

Production tl"Chnology plays a more important role in 
fine chemicals than for most other sections of the chemi
cals industry. While in many other subsectors such as 
commodity plastics or much of the basic petrochemicals 
area, the production routes are based on extremely wcll
known processes, often invented de~adcs ago. Even 
though in these cases chemicals suppliers need to keep 
abreast with new trends and ways of updating the pro
duction route thn ugh new catalyst-assisted steps, or of 
varying reaction conditions, the manufacturing process 
1tself barely changes from year to year. In fine chemicals 
a very different situation prevails. Here suppliers devote 
considerable time and attention to production improve
ments or finding new and different kinds of chemicals 
that have not been made in the past in anything beyond 
prototype volumes. Suppliers have to hire the kind of 
skilled chemists and engineers who are able to devise 
new production routes, to make specific tailored com
pounds depending on the applications chosen by a cus
tomer. They also have to invest large sums in modem 
production hardware, in which control by computers is 
becoming increasingly important. 

As shown in box IV.2, there are two basic production 
systems for the fine chemicals industry. single purpose 
or multi-purpose. Single-purpose units are also seen in 
production of other types of chemicals in the commodity 
area. However, multi-purpose units are seen mostly in 
the fine chemicals part of the industry, and to some de
gree in the specialty subsection of chemicals manufac
ture. The production strategies for particular kinds of 
fine chemicals arc linked to the range of ways in which 
single- and multi-purpose plants may be used in combi
nation. 

(a) Single-purpose systems 

Single-purpose units can handle only one technology 
in a single step, for example hydrogenation or nitration. 
This makes the technology vitally important to the suc
cessful manufacture of the final product. The company 
that spends tens of millions of dollars in building such a 
single-purpose plant has to be sure that it is going to 
have a large amount of use in terms of delivering useful 
products. Even so, the investment required to install sin
gle-purpose plants is typically lower than that rl:'fuired to 
construct more nexible multi-purpose plants capable of 
making volumes of material of a corresponding amount 
This is because of the slreamlined, well-defined nature of 
a single-purpose plant, which reduces hardware require
ments. Single-purpose systems are typically based on a 
hatch process or a continuous process; in other words 
they nonnally tum out chemicals in relatively long pro
duction runs at high volumes. Good examples are fer
mentalion systems that produce high volumes of anti
biotics used in the drugs industry. 
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BOX IV .2. Characteristics of basic production set-ups for fine chemicals 

Single purpose Multi-purpose 

Operating mode 

Operating strength 

Applications 

Continuous 

Process 
efficiency 

Large-volume 
standard inter
mediates and 

actives 

Continuous or batch 

Process efficiency 
and some flexibility 

Small-volume 
standard inter

mediates 

-----
Mulriproduct 

Batch 

Process 
flexibility 

Small-volume 
bulk activities 
and custom
synthesized 
molecules 

Source: Arthur D. Little, Inc., Cambridge. Massachusetts (1993). 

There are two types of single-purpose systems: 
monoprnduct units and multiproduct units (321. 
Monoproduct units are generally based on a continuous 
process making a single chemical entity. Typically these 
systems are used to make relati\·ely simple molecules, 
such as standard intermediates or possibly slightly more 
complicated bulk actives. Often the volumes in which 
these materials have to he made are relatively high. per
haps in the order of tens of thousands of tonnes a year. 
It can he seen that there is an analogy here with the kinds 
of plants used lo make bulk petrochemicals. These units 
have high process efficiency and limited flexibility; they 
cannot normally he altered to make different kinds of 
chemicals without a great deal of difliculty. 

Multipnxluct systems can produce related molecular 
structures with liule or no change to the hardware con
figuration. Typically these units make ranges of ch.sely 
related standard intennediates whose individual demand 
would not warrant the use of a dedicated unit. Systems 
of this type are particularly useful when performing key 
steps in the multi-stage synthesis of complex molecules. 

(b) Multi-purpme .f_ntt•m.r 

Multi-purpose systems can handle a range of different 
production processes, Jepending on the l"onlrol proce
dures to which the e4uipmeal 1o; subject. These systems 
can handle the large number of the different pnxluction 
stages re4uired to make a specific. relatively complicated 
chemical. In such cases. total pnxluction time is quite 
slow. since the plant has to he stopped and restarted 
again between different stages of the synthesis. Between 
the different stages. new control regimes may have to he 
implemented; aspects of the hardware may have lo he 
changed or new programmes may have to he brought to 
hear, if the systems are suhject to a lar!,!e amount of 
compuler control. Jlo\l.ever. in ca~es where the tonnage" 
of the final pnxlud being made are relatively small. and 
where the chemical being synthesi1ed i" of a particularly 
high value, then the relatively inefficient aspects of pro
duction may not mailer very mm:h. It c;an he seen that 
optimal use of these types of hardware depends very 
much on a trade-off between operating fluihility and 
efficiency. 

Most low tonnage hulk active ingredients ;tnll L·11slo111-
synthesi1.ed molecules arc made in 111ul1i-p11rpose units, 
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firstly because of the multi-stage production pnx:edures 
which are normally relevant for such molecules. and also 
because of the relatively short pnxlucl life cycles of these 
chemicals, which would make dedicated hardware obso
lete relatively quickly. 

Operating a multi-purpose unit successfully is not an 
easy job. It is 4uite different from single-purpose S}S

lems. which are nom1ally seen in most other facets of the 
chemicals industry. In some senses the management as
pects of operating multi-purpose systems are analogous 
to those re4uired in many kinds of engineering plants 
where hardware has to be switched frequently to make 
a wide range of discrete manufactured pnxlucts (often 
heavily customi1ed) in short pr<xluction runs. The diffi
culties of successfully operating multi-purpose units 
include halancing pnxluction schedules to minimi1.e 
changes in the operating routines for the plant and keep
ing inventories of hoth finished chemicals and raw 
materials low. A second diffi•:ulty involves having a 
workforl"e !hat can handle !!ifferenl production routes to 
a wide range of different final pnxlucts. Finally. the 
company involved with these techni4ues probably needs 
advanced knowledge of mlxlem computer control pnx:e
dures. 

Because of the special nature of mm:h of line chemi
cals manufacturing. particularly the use of sophisticaled 
multi-purpose units of the kind just mentioned, a large 
number of speciali1ed producers of line chemicals have 
become prominent in recent years. Many of these com
panies have relatively low annual sales, and so do not 
figure in the league tables of the large.;! companies in 
line chemicals. such as those listed in table IV.3H. The 
importance of these companies in the sector as a whole, 
however. is relatively large. This is because a great many 
of the larger companies in lhe sector rely on lhem for 
specific stages in line ,·hemicals production. Typically. a 
large company may cnntracl 0111 specific steps in the 
synthesis of a particular chemical. leaving this to a spe
ciali1ed pnxlucer. In the United States, there are several 
hundred speciali1ed custom prndul"crs of line chemicals. 
including (irant Chemicals. Morflrx. Pressure Chemi
cals, Camhrex. Angus Fine Chemicals. Cheml>esign, 
Ruetgers-Nease. Ricerca i:n I. 

Often a key 10 whether a large line chemicals pr<xlucer 
decides In conlral'I a specific stage of manufacturing lo 
one of these smaller groups will he not just the complex-



ity of the pmduclion slep inrnh·ed. bul also lhe degree of 
environmenlal risk. Wilh pollu1ion regulation.'> in most 
developed 1.·ountries becomir:g more vigomus. the types 
of anti-pollution systems (for example containment \·es
sels. special apparalus for recycling Wil.'>le and special
i1.ed heallh and safely equipment to pmlect workers) 
needed for panicular pans of complex pmJuction pro
cesses will he too difficult or expensive for most fine 
chemicals companies. This is leading them increa.'>ingly 
to 1.-ontracl out some of their stages of chemical manufac
ture mainly on envimnmental gmunds [331. 

In the United Stales the rnslom synthesis market cater
ing for 1."0lllral.1 manufaclure of panicular fi~ chemicals. 
either because of their complexity or their envimnmenlal 
impact. came to S 1.3 billion in 1991. This markel is 
likely to grow al tietween 8 and 12 per cent a year during 
the early to mid- I 990s. 

In 1he area of production technology. computers play 
a key pan. especially for systems that have to be capable 
of being swilched from one production regime to an
other. To make a range of different chemicals during the 
frequenlly difficult and complex stages of manufacture 
of a final finished product. the choice of 1he control sys
tem is often extremely imponant. In 1his both hardware 
and products from a specific chemical reaction are 
brought into contact with each other. In addition. differ
ent computers are frequently linked by data networks 
which send computer code from one system lo another to 
provide overall coordination. 

5. Applicalion areas /or f ure chc-micals 

(a) Phamracc-uticals 

Table IV.40 shows that the production of fine chemi
cals for pharmaceutical applicalions was almosl one half 
of the world market. or $13.2 billion. in 1991. The mag
nilude of fine chemicals production in lhis panicular area 
is roughly one 1en1h of lhe 101al produclion of the world 
drugs industry [311. II can he seen from 1able IV.41 1ha1 
many of the world"s biggesl drugs companies are also 
highly imponanl in fine chemicals manufaclure. This 
indicales that to a large degree the drugs industry pro
duces ils own fine chemicals, used generally as inlerme-

Table IV.40. Applicatioll arus ror fioc c.-lillcmnla. 1991 

hnc.- c:hc.-mic:al 
SillC~ rcrccntagc 

Final pro.Juel (billion dollars) sh:arc 

Ph;irmaceu11cals 13.2 -l-l.O 
Plullcs/ industrial 
chem in ls .&.5 IS.O 

Agrochemicals -l.2 1-l.O 
V11;1m1ns :u 7.0 
Dyes 2.1 7.0 
l'l;1vours 0.9 3.0 
Otherli' 3.0 10.0 

TOTAL 30.0 100.0 

Souru: Estimales derived rrom Arrhur D. Liulc. Cltmrical 
M~g l«pon (London, 7 Scp1embcr 1992); and Peler Pollak. 
"Fine chemicals outlook for the year 2000·. paper prescnred to 
the meeting of the European Chemical Markel Research 
AS50Ciation held in London from 14 10 16 Oc1obcr 1991. 

11 Including elcclronic chemicals. specialist materials, 
cosmetics and animal reed. 

diates in the manufacture of lhe finished pruducl suilable 
for use il.'> a medicine. It also is an important purchaser 
of fine chemicals from specialist fine chemical con
tractors. 

The phannaceu1ical industry stands at a crossroads. 
with its future dependent on several diverse factors 
which are difficult to quantify. On the one hand. there 
are lhe pharmaceu1ical demands from ageing populalions 
in many developed counlries, increasing interesl in per
sonal health care. generally rising wealth. and the grow
ing incidence (especially in developed counlries) of 
hard-to-combat diseases like cancer. heart ailments and 
acquired immunodeficiency syndrome (AIDS). Set 
against lhis trend are several olht"r faclors which would 
lower any expectations aboul fasl growth in 1he drugs 
industry. They include increased cost-consciousness on 
lhe pan of government health agencies. which in many 
countries are the main customers for pharmaceuticals. 
lhe difficulties inherenl in developing new formulalions 
for diseases with complicaled modes of anack and causes 
such as AIDS. and increasing cosls of R and r>. There is 
also the problem of ensuring thal drugs do nol cause 
unnecessary side-effects and so infringe the health and 

Table IV.Al. World's in¥>r plaanucntical c-panla: nnkiq by aon-pmniption •r1111ales, 1'91 

Rank in Sales Rank in Sales 

1991 fi,.n (million dollars) 1991 Firm (million dollars) 

I Merck 7 223.0 16 .l\merican llomc Products 2 727.0 

2 Gino 6 638.4 17 Marion Mcrill Dow 2 711.0 
3 Brislol·Mycrs Squibb s 908.0 18 Schering ·Plough 2 614.0 
4 lloechsl s 427.7 19 Upjohn 2 670.0 
s Bayer 6 304.8 20 Wcllcomc 2 3S4.I 
6 Sandoz 4 4S4.S 21 Schering AG 2 614.0 
7 SmithKline Beecham 4 371.9 22 Sankyo 2 12S.2 

8 Eli Lilly 4 14S.O 23 Astra 2 066.8 
9 11orrmann·l.a Roche 4 131.S 24 Warncr-L1mbcr1 2 014.0 

10 Ciba·Ocigy 4 063.6 2S Shionogi 2 008.7 

II Johnson ll Johnson 3 800.0 26 FujiJaWI I 933.7 

12 Prizer 3 771.0 27 Yamanouchi I 77S.I 

13 Rhone- Poulenc Rorer 3 420.0 28 AmericllR Cyanamid I 642.0 

14 ICI 2 286.6 29 Syntn I 386.0 
IS Take6a 2 762.1 30 Monsanic I 303.0 

Souf'Ct'. 81rcl1y1 de 7.octc Wedd lnvestmenc llouse, Ou1/ook for Wtl/con1t Drugs Company (London, May 1992). 
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safely regula1ions underlying 1hc consumption of medi
cines (301. 

A specific fac1or which should help production of fine 
chemicals for pharmaceulicals is the growing inleresl in 
subsliluling cheap ··generic.. drugs for !heir branded 
cquivalenls in cases where medicines are off-palenl. 
Generic drugs. which include a number of l"Ommon 
analgaesics and heart medicines. raiuire in many cases 
the production of subslanlial volumes of fine chemicals 
in the shape of specific inlermcdiates. which are !hen 
used lo make the final product. 

The production of the necessary fine chemicals in the 
overall, often complex process of producing a medicine 
ha.o; lo be seen against the background of lhc large 
amount of regulations in the drugs field. The drugs in
dustry is one of the world's most highly regulated. Com
panies developing new drugs arc subject to intricate con
trols and rules that h:tve to be met to ensure that lhc 
products arc safe and that !hey work more or less as 
advertised. Most developed countries have government 
heahh departrncnl'i which include large drug regulatory 
divisions. It is the job of companies to manage their drug 
development work in su..:h a way ~hat the products pass 
through lhc regulatory process 1elatively smoothly and 
without too much time or money being wasted. None the 
less. it often takes I~ years and up to $100 million in 
R and D efforto; to take a ne\\' drug from the laboratory 
to the marketing phase. The rules devised by these drug 
regulatory departments mainly involve hundreds. if not 
1housando;, of tesls which the chemicals in new drugs 
have 10 pa.'>S before 1hey can be certified a.o; safe and 
efficacious. 

The tesls involve several different regimes: laboratory 
experiments on the basic chemicals in drugs to find re
action cilanges lhal can indicale loxicily or particular 
1herapeu1ic actions; trials on animals to monitor the ef
fecl of lhe prnducl on a specific type of physiological 
condilion; and clinical 1rials on palientc; (of whom !here 
could be lens of lhousands) once the drug has pa-;sed 
enough 1es1s 10 convince regulalors lhat it is not toxic. In 
short. sufficienl evidence has lo be amassed lhat the 
product is both safe and effective in fight.ng a particular 
ailmen1 or locali1.ed condi1ion. Only after the drug in 
question has passed all these regulatory stages will it 
receive a product licence to enable doctors to prescribe it 
to patients in a general way. or (in the case of o\·er-thc
countcr medicines that do not require a prescription) to 
allow pham1acio;ts to slock the product on their shelves 
so that it can be bought by the public. 

lmportar.1 subscctors in lhc world drugs induslry in
clude preparations for brain or central-nervous-syslcm 
disorders involving many common painkillers such as 
aspirin, anti-arthritis compounds. anti-infcctives. heart 
and skin preparationms and cancer trcatmcnl!".. 

Increasing R and D costs are an important aspect of 
the indu!<ttry. partly because of lhc purely scientific diffi
culties of coming up wilh new formula1ions to :real dis
eases sucl1 as heart disorders. There is al~m the extra 
work involved in gathering huge amounls of da1a. either 
needed 10 satisfy safely reglilalions. or related to how 
new drugs affect 1hc physiological processes of lhe hu
man body. The indus1ry worldwide spent ahoul $26 hil
lion on R and D in 199 I. Thal accounted for ahoul 17 per 
cent of lotal "iale"i, an extremely high proportion hy 1hc 
slandard'i of other manufacturing ~ctor"i 1341. 
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( b) Plastics anJ industrial dremicals 

Plastics and industrial chemicals represent an ex
tremely large application area for fine chemica:s. the 
total fine chemicals. being used in this sector accounting 
for sales of $4..5 billion worldwide in 1991. It also en
compasses a range of materials. for example, specialist 
additives used in engineering plastics such as nylon. in
organic and organic salts used for specialist inJustrial 
reaction..o;, and enzymes (301. End-pmducl'i in this sector 
which use fine chemical preparations in their manufac
ture include not only specialist plastics. but reagents. 
cleaning agcnl'i, diagnostic materials and hou.o;chold 
chemicals. 

An important market in this general area of fine 
chemicals represents the variou.o; additives used in the 
$20-billion-per-year world engineering plastics industry. 
Engineering plastics arc tough, strong substances used in 
industries such as cars. aerospace and factory machinery. 
They arc both more expensive and more complicated to 
make than conventional bulk plao;tics such as polyvinyl 
chloride. Examples include polycarbonate, acrylonitrilc 
butadicnc styrene, and various engineering grades of 
polypropylene. 

Highly important in this industry are the organic sub
stances added in srruill quantities to plastic to change iL'> 
properties in some way, for example. in altering its tex
ture, colour or ease with which it can be moulded or 
formed. 

Another major market for fine chemicals in this 
branch involves industrial enzymes, used a.s catalysts in 
specific reactions in food-processing. paper-bleaching 
and other industries. Other areas of industrial fine chemi
cals include water-soluble polymers used in applications 
including paint production and sewage treatment. These 
water-soluble polymers often bao;ed on the bulk chemical 
acrylonitrilc arc in many developed countries replacing 
volatile organic compounds (used in painl"i, for exam
ple). which arc associated with health problems because 
of the way they arc propagated in the atmosphere and 
inhaled by humans and animals. 

( c) AKrocht'mical.f 

Fine chemicals used in the production of agro
chemicals accounted for sales in 1991 of $4.2 billion. 
The overall agrochemicals market totalled $24.7 hillion 
in 1991. T:1e market breakdown for hcrhicides, insecti
cides and fungicides is provided in tahle IV.42. In the 
agrochemicals husincss many of the higgesl companies 
arc also large suppliers of line chemicals. As shown in 
tahlc IV.43, the biggest company is Ciba-Geigy of Swit-
1.crland with just over 10 per cent of the world market. 
The next higgcst is Imperial Chemical Industries (ICI) of 
the United Kingdom with 9 per cent. Then comes Bayer 
of Germany and RMnc-Poulcnc of France, both with 
about R per cent of the world market. 

In term.'I of specific types of agrochemicals, there arc 
four main categories, a" described below. 

( i) llubicidt'.f 

The total world market for hcrhicide!'i in 1990 was 
SI 1.6 hillion. The main type!ii arc as follows: 

(a) Triazint'J. The~ had an e'ilimated market of 
S 1.7 hi Ilion, are generally applied direcily to 11 • .: soil, and 
arc relatively old, estahli!iihcd materials. Key producti; 



Table IV.42. World apdiaaial aim bf -jar aeictm. 1991 
(Billion dollars) 

Herbicides Insecticides Fungicides Total 

Economic grouping 
or region 

United States 
Western Europe 
Western Asia 
Latin America 
Eastern Europe 
Rest ol world 

TOTAL 

Value 

3.7 
3.1 
1-7 
I.I 
I.I 
0.9 

11.6 

Percentage 
share 

31-9 
26.7 
14.7 
9.S 
9-5 
7.8 

100.0 

Souru: F.-ial Tlln45. industry database:. 

Percentage 
Value share 

1-3 17.3 
1-7 22.7 
2.2 29.3 
0.6 8.0 
O.S 6.7 
1-2 16.0 

1.S 100.0 

Percentage Percentage 
Value share Value share 

2.7 49.l 7.7 31.3 
1.S ?7.3 6.3 25.6 
0.3 s.s 4.2 17.l 
0.4 7.3 2.1 8-S 
0.2 3.6 1.8 7.3 
0.4 7.3 2.S 10.2 

S-5 100.0 24.6 100.0 

Table IV.43. wortc1•a aajor apadldlical -pa•ics. 1990 

Firm 

Ciba-Geigy (Switzerl.ond) 
la (l:nited Kingdom) 
Bayer (Germany) 
Rbilae-Poulenc (France) 
Du Pont (United States) 
Dow Elanc:o (United States) 
Monsanto (United States) 
Hoechst (Gcrn,any) 
BASF (Germany) 
Scbering (Germany) 

Rank in 
1980 

2 
s 

6 
9 
a 11 
3 

10 
7 

Rank in Sales in 1990 
1990 (billioa dollars) 

1 2.8 
2 2.3 
3 2.2 
4 2.0 
s 1.7 
6 1.S 
7 LS 
8 1.4 
9 1.3 

10 0.9 

Agrochemicals as 
a percentage of group 

sales in 1990 

18 
9 
8 

13 
4 

100 
17 
s 
4 
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Solar~: County SatWest WoodMac. "Agrochemical Service· (Edinburgh. 1991). 
If Refers 10 sales of Eli Lilly alone, as Dow Elanc:o was rormed only on 1989. 

include 1.2.4-triazinc derivatives. such as Lcxonc CDu 
Pont). and Scncor and Loti1 (both Bayer). These prod
ucts arc extensively used to control weeds affecting 
crops of maize. sorghum. sugar cane. sugar beet and 
pineapple. While Bayer. Du Pont and Shell are imponant 
in this field. Ciba-Geigy is the main manufacturer. being 
rc.'iponsible for ametrync. promctrync and simazinc; 

( b) Amidt's. With a market of $1.2 billion. they are 
sprayed on soil for control of gra.'iSCS and broad-leaved 
wecd'i. Most of the main products are covered by pat
ents. and so profitability ha" been high. However. many 
of the patents have run out in recent years. and sales are 
expected to contract in lhc 1990s. The main markets are 
in the United States and South-Ea.'it Asia. and include 
more than 20 products. half of which arc important com
mercially. Dominant chemicals are propachlor (Ramrod. 
made by Monsanto). Machete (also Monsanto). and 
alachlor (la.'iso, Monsanto); 

(c) Carbamatn The United States accounts for 
about a third of a total market of $1.1 billion. Japan and 
Ea.'itcm Europe also are important. The introduction of 
new products in the 19805 increa'iCd lhc importance of 
this group, many of which are off-patent. ICI is one of 
the main companies, selling products such a:o EPTC 
(Eptam) and buylate (Sutan). Another large-selling 
chemical is diallatc (Avadex, Monsanto); 

(d) Ur,a.f. With a market of $840 million. ureas 
have a wide application range and are rairly inexpensive. 
The earliest members of the family were invented hy Du 

Pont in the 1960s. Hocch.'it and Ciba-Geigy arc also 
important. Key products include diuron. monuron. 
nuomeuron. chloroxuron, methabenzthiazuron and 
chlorotoluron; 

(t') Toludint'S. These are used mainly for soy bean 
and cotton crops, especially in the United States (60 per 
cent of the market). Brazil and Europe. With sales in 
1990 of $380 million, the main outlets are the producers 
of cotton. soy bean. and peanuts. Main manufacturers 
include Dow Elanco and Trcflan. The two largest-selling 
products are the generic trifluralin, and also Sonalan. 
Prowl. sometimes marketed a'i Stomp. and with the ge
neric name pendimcthalin. is also important; 

(/) Honnone-actintc prnducl.f. With sales at $660 
million, hormone-acting products interfere with the hor
monal balance of plants. They can be extremely selective 
(interfering with only specific types or weeds). because 
of the way products can be targeted at particular hormo
nal structures; 

( 10 Diazinn These arc relatively new entrants. 
wi1h high profitability and recent sales or S750 million. 
Used for rice, soy bean, cotton, cereal~. vines and nuts. 
the markets are mainly in the Uniced States. Japan and 
Bru:il. Four main products appear in this hranch: 
benta1.0ac CRASF>. mctha1.olc CSando7.), oxadi:11.on 
(Rhone-Poulenc) and pyrawlate (Sankyo); 

(h) Diphm_vl t'thnf. Their sales or S590 million 
are rapidly growing as a result of their relative newness; 
Chey are applied particularly co soy bean and rice crops. 
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About seven major pmducts have annual sales of $20 
mill:.,n or more. including Div.er CBASI-). X-52 (Nihon 
Nohyalrn1. MO (Milsui Tnalsu) and Hoellm (Hoechsl). 
Many of these products arc protected by patents and so 
are rdali\·ely expensi\·e and profitable; 

(i) Sulplmnyl urt'11S. These constitule a bu>3d spcc
lmm of activity again.~ weeds appearing with cereals. 
soy beans and rice. The m.arket of $530 million is mainly 
in the United St.ates (soy beans and cereals). Wcslem 
Eun>pe (\.--creals). Australia (cereals). and F..a'il Asia 
(ril."C). Import.ant pmducts inciuJc Glean or chlorsulfumn 
cDu Pont) anJ Logran or tria.-.ulfomn (Ciha-Geigy). 
Other n-latively new products are Bea-on (Ciba-Geigy) 
and Gralil ( aocchsl); 

(jJ lmida:.olinont's. Sales of $405 million h;ive 
been rccon.lcd for imiJawlinones. 5'"--cplre. the first of 
this da.-.s. was intmduced in 1984. used largely for soy 
bean cmps. The milker wa.'i American Cyanamid. and it 
continues lo dominate the market for the pmducts; others 
made by the same company include Purs•1il and Assert. 

(ii} fns,.,·ticidt's 

Total sales of insecticides in 1990 amounted to $7.7 
billion. The main types are a.-. follows: 

(11) Organo1Jrmph111e:r. This is an old e~t;iblished 
type of chemical with about 70 major products and sales 
in 1990 of $2.8 billion. However. its use has been re
duced because of worries about toxicity. Old and off
patenl pmducls (sold by many m:::nufacturers) include 
parathion. malathion and dimccron. More recent prod
ucts are Counter (American Cyanamid). Roister (Bayer). 
Karphos (Sankyo) and Curacron CCiba-Geigy); 

(h) Pyrt'thmid.f. Firsl introduced in 1976. 
pyrethroids now face heavy competition a." a result of a 
large number of companies entering the market. With 
sales of Sl.4 billion. the products are based on synthetic 
chemicals that replicate the in-.ecticidal properties of 
naturally occurring nower heads; 

(d C11rbt1me1lt'.f. Wirh sales of Sl.7 billion. 
carbamares are used for a wide range of crops. They are 
important in that they can often be used against insects 
that have acquired resistance to other insecticides such as 
organochlorine aml organophnsphare products. Major 
products include Sevin and Temik (Rhime-Poulenc). 
Furadan (FMC) and Lannate (Du Pont); 

(1/) Orxmmchlorint'.f. Use has been affected by 
worrie~ ahout lnng-1em1 per"i"tence in soil and possibili
ties of lhc chemicals enlering lhe food chain. However, 
tht'ir sales still amount lo $500 million. and they are very 
cheap. and lherefore still used exlensively in developing 
countries. Most products are ofr-patenl. anJ lhey include 
toxaphene, DDT. lindane. chlordane. endrin and alJrin. 

( ;;; ) Funl{icitlt'.f 

Tolal sales or fungicides in 1990 amounted In S5.5 
billion. The main types are a.; follows: 

(11) 1.2.4 Tri11-:.l11ln Only rci:enl enlranl" to lhe 
market. these allaclt a broad variety or fungal types; !heir 
sales have already reached $ i billion. The most 'iuccess
ful produi:ts include Till (Ciba-(ieigy). Punch (l>u Pont). 
Baycor. Raytan and Raylidan (all Bayer); 

(h) l>itl1iornrhamllfr.f. Ti1ese are all malure l·hemi
cals and have many ofr-patcnl prodm:er'i. wilh ~Jlcs ,,r 
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$890 million. The growth of 0.2 per 1..--cnt a year in recent 
years may result in a decline of 5 per cent a year in the 
1990s. Major prudUl.--crs include Bayer. BASF. Rohm 3nd 
Haas. Rhi>ne-Poulcoc and Du Punt; 

(c} ln11rge1nics. Elcmcnlal sulphur is 3 large-selling 
pmduct. a.'i 3re copper-based fungicides. 3nd have sales 
ur $(,(Ml million. However. their market growth can be 
considered limited because or a.'iSOCiated toxicity prob
lems. 

(fr) Utht'r fint' ,.h,.mical applirntions 

The re'it of the marltel for line chemicals consisrs of a 
diverse range of product areas. including elcclmnics. 
food chemicals. research. cosmetics. and photographic 
chemicals. An indication of the relative importance or 
these market area." is given table IV .44. which applies 
only to the United St.ates and renects demand for line 
chemicals in some key product applications. 

Tablr: IV.44. Appticatinll areas ror fme 
dlcmicals m Ille Ueilcd States, 
19IO, 1991aedr--tror1996 

(Million dollars) 

Type of chemicals 

Elcrtronic 
Food based 
Research 
Photographic 
Cosmetic 

Phumaceulical (fine) 
Pesticide 
General industrial 

Total 

1980 

7S3 
294 
601 
479 
369 

I 791 
497 

2 877 

1991 

2 12S 
I S30 
I 22S 
I 14S 

7JS 

Forecasts 
for 1996 

2 660 
I 9SS 
I SIS 
I 48S 

990 

3 94S S 000 
820 930 

s 890 7 765 

7661 1741S 22 300 

Souru: f'reedonia ConsullmgGroup . .'itudyon World 
/ndusrry in Fw Chnnical.. (Cleveland. Ohio. !992). 

In lhe area of electronics. the production of integrated 
circuits. semiconductors and relaled devices is likely to 
be a fast-growing chemical sector in the 1990s. Manu
facture of these products requires Che use of several types 
of fine chemicals induding substrate and plating ..:hemi
cals and high-purity gases 1301. Another importanl appli
cation area in electronics concerns advanced cer.Jmics 
which are u-.ed when adding layl'rs or material to a melal 
substrate in order to innuence the electrical and chemical 
properties of an integraled circuit. These ceramic cmn
pounlls. one of the relatively few types of material in the 
fine chemicals world which are inorganic as opposed to 
organic or carbon-ba'iCd. involve a number or complex 
compounds based on materials including 1irc.inia. 
alumina. silica and beryllium. 

The cosmetics industry employs line chemicals in the 
production of items such as tnothpa:.te. fragran~·es. deo
dorants. soaps and shampoos. Often these materials can 
offer key properties imponant co the com~rcial success 
or Che product. such as lhe degree of lalher. smell. 
smoothness or taste. Similar links with the world of 
··consumer lastes .. are evident in prod11l"I areas involving 
f•K>d anJ drinks. where fine chemicals con acl as navour
mg ... acidulents. emulsifiers. vitamin ... sugar or fot sub-



stitutes and prcsnl·atives. A key ao;;pccl is that many rela
ti\~ly new fine chemicals will be ~uimi to fit in with 
trends in consumer preferences in developed '--ountries .. 
These include pmducing food-. that offer fewer calories. 
that lao;;t for rela:i\-ely long periods on the shelves of 
supemwtets without deteriorating. and lhat fit in with 
the iocrea.-.ing consciousness about healthy eating .. 

Then: arc also uses for fine chemicals in the research 
world. for example as blood substitutes and catalysts in 
medical diagnosis system.'i .. 

Several important strategic is..'iues confront the future 
of the fine chemicals industry .. NICs including China and 
India arc starting to enter the sector. mostly offering 
large-volume simple molecules and competing mainly in 
price.. These countries arc starting to commercially 
threaten some fine chemicals producers in developed 
market economics in particular product areas (321. An
other issue is the general wo:-ld economic slow-down at 
the beginning of the 1990s. which is dampening growth 
pmspccls in some of the commercial application areas 
for fine chemicals .. In addition. the rate of innovation in 
fine chemicals from both a product and process point of 
view is starting to decline .. This factor could hamper the 
industry later in the 1990s (311. 

However. some technological challenges that lie ahead 
could he wholly positive for the growth of the induslry. 
Biolechnology is starting lo make an impact in the indus
try. by presenting new possibilities for products and al~ 
by making some production processes more cflicienl.. 
Also. there arc opportunities to capitalilc on the rela
tively new .. optical active •• or chiral compounds. which 
offer specific chemical and physical properties. and 
~hich can he used in areas such a.'i medicine and crop 
protection .. 

For existing pn~ucers of fine chemicals. one of the 
important issues ahead concerns maintaining some form 
or competitive advantage. given the greater degree or 
commercial risk that may occur in the 199(}.; (271 .. For 
those companies scckinl? entry into rhe industry (most 
usually from a position of strength in the hulk chemicals 
sector). the main challenge is how to choose rhe correct 
segment of the industry from a process and product point 
of view. and how best 10 confront the stiff compelilive 
challenge of existing companies .. 

G. lli~er-value-added ~tttl 

(part" or ISIC 3710 and 3819)* 

I. R'unl t"nth and c""'nl conditions 

Al fir'it sight. a drop in world crude steel oulput of juo;I 
J per cent in 1992 compared with 1991 would not appear 
In he suhslanrial.. Jlnwcver. in commercial terms. 1992 
was widely acknowltdged as hein~ one of the wnr'il 
years for ~reel makers. with most experiencing a huge 

•1 ;smo .1<·knm•k-d1!t• 111< «onrnt"'""" of Rnan C"1M~r. hh1<1r. 

S"'' '"'"' ''"'""""'"'''· l'MJ lntl'rn;i1111nal 1'11hlica11on• I.rd. 

decline in profits. and many reporting Ios..'iCS. The gencr.al 
cxplanalion for this is that while volumes (tonnages) 
were aJatuale. prices were far fmm being so_ The degree 
of overcapacity in the EEC at the beginning of 1993 was 
estimated at 30 million tcmnes of crude sleet '-•pacity and 
20 million tonnes of rolled steel capacity. In F.a.'itrm 
Eunlpc and the former USSR. different authorities have 
suggested figures as diverse as 20 to 50 per t.-ent overca
pacity. These excess capacities have put pressure on steel 
makers in regions such as China. South-Ea.'il Asia and 
Western Asia to export lo the few undersupplied regicms 
in the world.. Although Japan remains the biggest net 
exporter of steel. lower prit.-es have caused profil., to fall. 

The year 1993 was one in which all the efficiency 
gains made during the late 1970s and 1980s to combat 
the far-reaching effecl'i of the oil prit.-e shocks and the 
subsequent trade changes proved to be insufficient to 
cope with a new global reccs.'iion in developed countries. 
Previous rationalizations and cost-culling. closure of 
outdated plant and reduction of workforces were inad
equate to deal with yet anodler sleet market crisis. In 
developed countries. firms merged or went into ra.-eiver
ship or out of business. as no further belt-tightening 
could be achieved. 

2. R,gional tuljuslllUnls in cnuk SI,,, 
Steel production in the 11 newly independent States of 

the former USSR. when combined. remains the wortd•s 
largest. despite yet another large annual reduction in 
output. As shown in table IV.45. despile a 16.3 per cent 
decline since 1991. it is estimated that over 111 million 
tonnes of steel were produced. As recently a'i 1988. pro
duction peaked at 163 million tonnes. hence the 1992 
figure represents a staggering reduction of 32 per cent. 
Even laking into account the reccs..'iion. such declines 
reflect the huge excess capacity and inefficiency that 
prevailed iil steel plants and their consuming industries 
under the previous regime. If the States were to he listed 
separately. then estimates suggest that the Russian 
Federation would account for between 65 and 70 million 
tonnes. Ukraine for 35 to 40 million tonnes. and 
Kazakhstan for around 5 million tonnes.. This would 
place the Russian Federation in fourth place. ahead of 
Germany. with Ukraine probably just after Germany. 
Figure IV.20 shows the relative market shares of major 
producing countries .. 

Dcspire a 10.5 per cent decline in output in Japan. it 
is still the dominant steel-making country. a position it is 
likely to retain for some time to come. Government plans 
to revive the domestic economy through public infra
structure expenditure should have already improved steel 
demand. hut in March of 1993 industry leaders again 
called nn the Governmf'nt to take further steps .. On the 
olher hand. ii may only he a matter of a few years before 
China takes the top position. leap-frogging the United 
S1a1es on the way .. China·s 13 per cent increase in output 
from rhe previous year was the biggest of any of the 
sil!nificant producers. and plans arc well under way to 
huiid at least two new greenfield steel plants. 

In Europe. rhe EEC had an unsatisfactory year with 
reduction" in output being the nflrm. Germany. the mar
ker leader. expcrienl·td a 5.7 per cent drop from its 42 .. 2 
million tonnes or output in 1991. which included the 
output of the former German Democratic Republic; it 
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Tai* IV.U. Major -W ...r ..... --. ltti-1"2 
(Millioa 1oancs) 

Pcrcca·•sc 
Economic 1roupia1. chase 
RJioll. coua1ry or aft• 191S 1916 1917 1911 1919 1990 1991 199?1' 1991-1992 

former l:SSR lS·'-7 160.S 161.9 163.0 lS0.1 lS-1.4 Ill.I 111.ztl -16.l 
hpH lOS.l 91.3 91.S lOS.7 107.9 110.3 t09.6 91.l -10.S 
Uni1cd S1ucs IO.l 74.0 I0.9 90.7 .... 19.7 79.7 13.2 4.3 
ClliH 46.1 S?.l S6.3 S9.4 61.6 66.3 71.0 ao.?£' ll.0 
Germany 40.S 37.1 36.2 41.0 41.l ll.4 42.l 39.a£' ·S.7 
Republic ol KorH ll.S 14.6 16., 19.1 21.9 23.1 26.0 27.I 7.1 
h•ly 23.9 22.9 22.9 23.I ll.2 ll.S ll.l 24.I -1.l 
Bruil 20.S 21.2 22.2 24.7 25.l 20.6 22.6 23.9 S.7 
India 11.9 12.2 ll.l 14.3 14.6 IS.O 17.1 11.1 s.a 
Fr•ncc 11.1 17.9 17.7 19.l 19.3 19.0 11.4 11.0 -2.6 
l!ai1cd Kin&dom IS.7 14.7 17.4 19.0 11.7 17.I 16.S 16.1 -2.6 
C•a•da 14.6 14.l 14.7 14.9 IS.S 12.3 ll.O ll.9 7.2 
Spain 14.2 11.9 11.7 11.9 12.I 12.9 12.9 12.6 -2.S 
Czccb05lovakia u.o IS.I lS.4 U.4 lS.S 14.9 12.l 10.9 -9.6 
Taiwan Province S.? s.s s.a 1.3 9.0 9.7 11.0 10.I -1.S 
Bcl&ium 10.7 9.7 9.1 11.? 10.9 11.4 11.l 10.3 -a.a 
Turkey 4.9 S.9 7.0 1.0 7.1 9.3 9.3 10.2 9.6 
Pola ad 16.l 17.1 17.l 16.9 U.1 ll.6 10.4 9.9rl -S.I 
Sou1b Africa l.S 8.9 9.0 I.I 9.3 1.6 9.4 9.? -2.2 
Mcaico 7.4 7.2 7.6 7.1 7.9 1.7 7.9 a.CSI S.9 
Dcmocraiic People's 

Republic: ol Korea 6.S 6.6 6.7 6.1 6.9 7.C 7.0 7.~ 
Aus1ralia 6.6 6.7 6.1 6.4 6.7 6.7 6.1 6.9 11.1 
Nc1bcrlands :>.S S.3 S.l s.s S.7 S.4 S.2 S.4 4.8 
Romania ll.8 14.3 lS.O 14.3 14.4 9.8 7.1 S.~' -:!S.I 
Sweden 4.11 4.7 4.6 4.1 4.7 <C.S 4.3 4.4 ?.S 
Au11ria 4.7 4.3 4.3 4.6 4.7 4.3 4.2 3.9 -S.7 
Venezuela 3.1 3.4 3.7 3.6 3.2 3.0 3.1 3.CSI 7.9 
Indonesia 1.4 1.7 2.1 2.1 2.4 2.9 3.0 3.1" 3.3 
Finland ?.S 2.6 2.7 2.1 2.9 2.9 2.9 3.1 6.S 
%.u xcmilour& 3.9 3.7 3.3 3.7 3.7 3.6 3.4 3.1 -9.l 
Iran (Islamic Republic: ol) 01 o.a 0.1 1.0 I.I 1.4 2.2 2.9 33.3 
Ar1cn1ina 2.'1 3.2 3.6 3.7 3.9 3.7 3.0 2:7il -10.3 
E&Jpl 1.0 1.0 1.4 .t.O 2.1 2.2 2.6 2.S -1.7 
Saudi Ar•bia I.I I. I 1.4 1.6 u 1.8 1.1 1.9 4.7 
Hun1ary 3.6 3.7 3.6 3.6 3.3 2.1 1.9 1.6'1 -16.4 
01hcrs 28.3 29.2 lO.O :W.9 l0.4 26.4 19.8 19.7 -o.s 

TOTAL 718.9 713.S 736.S 780.1 716.0 770.0 7lS.9 714.3 ·3.0 

S-C~: ln1crna1ional Iron and S1cc1 lns1i1u1c, Brussels, prcS5 release, 19 January 1993. 
II Provisional. 
Ill Es1ima1c. 
rJ Es1ima1c based on 11 mon1bs. 
'1 lnc:ludin& lhe former German Dcmoc:ra1ic: Republic: in 1991 and 1992 only. Daia for olhcr years arc 1hosc ol lhe Federal Republic: 

of Germany. 
rJ Es1ima1c based on 10 mon1hs. 

also suffered the most spectacular of the European 
rationalizations with the merging of Krupp and Hocsch, 
and the bankruptcy of Kiockner and Saarstahl. Belgium 
and Luxembourg. which rely heavily on exports. both 
suffered reductions of around 9 per cent. 

The Braun Plan approved by lhe EEC in 1993 recom· 
mended a cutback in crude steel capacity of 30 million 
tonnes, and of 20 million tonnes in rolled steel products. 
This wu to be financed by a certain amcunt of EEC 
funding supported by an equal amount from participating 
GovemmenlS, but the amounl proposed by the Braun 
Plan far er.cceded that which would have been made 
available through this mechanism. The EEC shied away 
from a suggested publi~hed price list for s1eel in an at· 
tempt lo support prices. However, ii wa.' generally 
agreed that some control over lhe import of sleel from 
Eastern European countries would be imposed until 
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1995. although certain countries had already made uni
lateral res1ric1ions of their own. 

Non-EEC Europe fared slightly better, wilh only Aus
tria experiencing a reduction as a result of ils economic 
circumstances. The territory of the former Yugoslavia 
suffered dram.uically from ils internal problems, with 
Croalia and Slovenia nol included in 1he 1992 slatistics. 

Outpul in the United States aclually showed a 4.3 per 
cer• increase, bul this was largely due to lhe further 
growth of the minimill sector, while lhe major integrated 
planls experien~ed severe market competition both from 
the domeslic minimill~ and from imports. The Govern· 
ment of lhe United States, having failed to reach a mul· 
tilateral sleet agrcemenl to control imports, imposed tar· 
iffs on certain imports early in 1993. 

Of the olher developed cmmlries, Australia wa.\ able 
10 benefit from more buoyanl demand in South-East 
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(aJ Changing nat11" 1if prvd11cts 

Stttl has an image problem which ha." a negati\·e ef
fa""t on it'i popularity as a material. While prodlk.-tion 
pnx.-cs,.<;es in developed 1..-ountries have improved environ
mentally. following two Jccades of applying pollution-
1..'0lltrol technologies and new dean steel-malting pro
cesses. there arc still many location." where stttl-making 
poses a major environmental problem. In States of the 
former USSR (particularly K:u..alc.h.'itan. Ru. .. sian Federa
tion and Ukraine). in the former centrally pl<!nned econo
mics of Ea.'item Europe. in China and. to a lesser Clllcnt. 
India and Latin America. the pollution problem." of iron
and steel-making have not bttn fullv addressed. The 
reality of an cnvimnmcntally unfriendly industry persists 
and continues to damage the image of stttl it'iClf. Even 
in countries that ha\·e cleaned up their production pro
ces.'iCs. stttl ha." a long way lo go to achievt' a heller 
image. and this problem is cu~ntly being o&ddrcssed bv 
bodies such 3.'i the lntcmatilmal Iron and Stttl ln.'ilitutc ~l 
Brus.'iels (35). Steel competes with many other materials 
in a wide variety of industries. the most notable being 
construction. automotive parts. packaging and electrical 
appliances. industries in which concrete. pla.'itics. alu
minium and composites arc all fighting for market 
shares. in many ca.'ies with deserved success. 

To maintain the usability of steel. the industry is thus 
developing the new steels required to pmdi..:c improved 
consumer goods such a'i cars and wa.<ihing-machincs. 
This trend ha." become increasingly visible over the pa."l 
decade. particularly in developed countries. a." steel 
makers compete with alternative materials and with other 
steel makers to meet more so11histicated consumer 
need'i. In devclopin~ countrie" the need is not so severe. 
demands on steel makers are not so high. and the 
requirement for more ha.'iic products is being met by less 
sophisticated production processes. In developed coun
tries. the increasing production of improvr-d steels ha.'i 
been due to the efforts of the leading steel makers. 

During the 1950s and 1960s. steel makers produced 
more or less their own production requirements. dictating 
conditions on the market. If customers want!."d something 
special. little attention was given to them. The oil shocir.s 
of the 1970s. followed hy the environmentally aware 
1_980s. ~ntroduccd a hitherto unknown level of competi
tion which transformed the steel industry from a compla
cent and largely old-fashioned smokestack industry into 
an efficient and market-aware industry. In short. ii 
changed from a production-led sector to " market-led 
one. and despite the trauma of rationalizalions that oc· 
curred lhroughoul Europe and North America. ii was 
definitely for the better. 

Steel-making companies started p;1ying auention to 
customer needs and working with lhein 10 develop mate
rials that would be needed for the next generation of 
products. Rcccnl changes in lhe output of major steel
producing companies arc given in tahle IV.47. This new 
altitude has resulted in the production of steels Iha! a.·e to 
all intents and purposes new or "advanced materials ... 
Steel. being an alloy of iron and othi:r elements. can he 
transformed according to an almost infinite different 
number of "recipes ... all wi1h different properties. And 
those properties can al'lo be tailored hy the metallurgy of 
lhc production process. Properties of steel can be cus· 
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lorn-designed lo med a wide range of nttd.". gi\·ing it 
remarkable flexibility and altr.icliveness a.-; a material. 
And steel is completely recyclable: this ha." hel.·ome an 
ilk:rea.-;ingly important factor a." manufacturers of ~·on
sumcr durables are having to take on responsibility for 
the total life cycle of their products. 

Because or the extraordinary ran1_?e of steel grades. 
form." and pnxlucts. no attempt will he made in the 
present sun;ey to consider them all. (n..,lead. the focus 
~ill be on those m.-ent development" which qualify a." 
h1gher-v3Jue-addcd stttls for applications in themral 
power generation. automobile rnanufa1..-turing. electric 
applia111..-e manufacturing. constrm .. -tion. eleclncity supply. 
oil and ga." Clltraction and packaging. An idea of the 
range of these pruduct'i can be obtained fmm table 
IV.48. 

(bJ Themuzl ptm·er gmeration 

High-temperature strength. pressure resistance aml 
comlsion resistance are prerequisites for steels used in 
thermal power generation. Stainless steel comprise" a 
range of highly alloyed steel grades. all having chm
mium a.'i the main alloying ennstituenl. Though stainless 
steel itself is not a recently developed material. new 
grades arc continually being developed. 

To some extent stainless steel consumption remains an 
enigma. Over the last 15 years annual cumulative gmwth 
in consumption for the 20 main developed countries wa'i 
5.8 per cent. In 1950. consumption wa' a mere I million 
tonnes. hut by 1990 had grown to 8 million tonnes. The 
enigma is twofold. Stainless steel ha.'i hcen Jess affected 
by recessionary forces than carbon steel. and the per 
capita consumption varies dramatically in .:omparahlc 
economics. In 1990. annual per capita consumption of 
stainless steel in Japan was 17.3 kilograms. while the 
European average wa" only 7.75 kilograms and that of 
the United States wa." less than 6.4 kilograms. Mean
~hile: annual ~r capita consumption of 15.9 kilograms 
m Taiwan Provmcc and of I0.45 kilograms in the Re
public of Korea suggests that NICs can support high 
consumption rates for stainless steel. 

In Europe. Germany leads the way with a rate of 11.R 
kilograms: Italy is close behind with IO kilogram ... and 
has the fastest growth rate in Europe. The large di'iCrep
ancies in consumption. supported hy market research. 
indicate that stainless steel has a huge potential. Why it 
has 11ol hecn taken up more widely is open to conjecture. 
Life-cycle co'iting has shown in many applications that 
stainless steel is superior. 

for thcm1al power generation plants the cnnvenlional 
pres~ure resistance requirement al high lempcr;1ture ha" 
been 24 mcgapascals and 566n C for lloiler lubes. 
Ultrasupercrilical-pressurc power genernlion w-.tem"i arc 
being developed to improve generation t"fficiency wilh 
steels capable of handling 31 megapascal'i al 593n C he
ing produced. and o;teels ahle to operate al 34 mega
pascals and 65Cr C are under development. 

Conventional austenilic stainless steel~ are hao;ed on 
lhe IR-8 formula (percentages of chrome and nickel). hul 
their temperature operating range has heen expanded hy 
lhe addition of small amounts of further alloying cle
ments. The 15-15 series has a stahili1ed auo;lenitic com
position and high-temperature strength enhanl·ed hy 
other alloy additinnc;. and the 20-25 chrome and 20-Yi 
nickel ~ries of stainless steels with greatly enhanced 



Table IV.47. O•lptot ol •ajor stccl-ptod.a.& compHica, 1991-1992 
(Million lonnu) 

1'191 1992 
Company and 
counlry or area R;ink Ou1pu1 Rank Ou1pu1 

Sippon Steel (Japan) 28.63 25.10 
l:sanor Sacalor (France) 2 22.80 2 21.lO 
Posco (Republic ol Korea) 3 19.09 3 20.01 
Dri1isb Steel (l.ni1ed Kingdom) 4 1::.9.a 4 I 2.39 
SKK (hpan) s 12 . .as s ID.19 
Uva (haly) 7 11.00 6 10.60 
Thys.stn (Germany) 6 11.13 7 10.13 
Kawasaki (Japoan) 8 10.91 I 10.00 
Sumi1omo Me1al (Japan) 9 10.90 9 9.97 
Sail (India) II 9.38 10 9.70 
Bethlehem (t:ni1ed S111es) 12 9.09 II 9.51 
t.:SS (t.:ni1ed S1a1es) 10 9.SS 12 4J.47 
lsror (Soulh Africa) 13 7.S9 t3 7.74 
I.TV S1ccl (linaled S1a1es) 14 6.94 14 7.S2 
DllP (Ausualia) 17 S.72 15 6.61 
Cbin<1 Slccl (Taiwan Province) 16 S.86 16 6.25 
Kobe S1ccl (Japan) 15 6.SO 17 S.15 
S;1110nal S1eel (l:ni1ed S1a1e~) 19 4.76 18 4.88 
lloogovens (""elherlands) 18 4.94 19 us 
CSS (Brnil) 34 3.S2 20 4.36 
Cockerill Sambre (Belgium) 20 4.43 21 4.JS 
Inland (Uniled S1a1es) 21 4.24 22 4.30 
S1alco (Canada) 31 3.36 23 4.25 
Suc:or (l:nited S1a1es) 31 3.82 24 4.22 
lloesch (Germany) 22 4.19 25 4.11 
llu1a Katowice (Poland) 32 3.69 25 4.11 
Prc:ussac Stahl (Germany) 23 4.14 27 4.09 
t.:siminas (Brazil) 24 4.13 28 4.03 
Tokyo S1eel (Japan) 33 3.66 29 3.9S 
Riva!/ (llaly) 36 J.SO 30 3.90 
Vocs1 Alpine (Ausuia) 25 4.11 JI 3.77 
VSZ Kosice (Czechoslovakia) 29 3.90 32 3.60 
Ensidesa (Spain) 26 4.06 33 3.49 
Dofasco (Canada) 34 3.S2 34 3.42 
HK!'d (Germany) 30 3.84 JS 3.41 
!'tisshin Steel (Japan) 37 Hi 36 3.37 
KIOckner (Germany) 39 3.JS 37 3.2S 
CST (Brazil) 40 J.JO 38 3.18 
Sidmar (Belgium) 26 J.93 39 3.IS 
Sova llu1 Kuncice (C7echoslovakia) 42 3.10 40 J.ll 
Arbcd (Luxembourg) 40 3.30 41 3.10 
Armco Steel LP (Uni1ed S1a1es) 4S 2.80 42 J.Q81/ 
SSAB (Sweden) 43 2.96 43 2.96 
Cosipa (Brazil) 47 2.76 43 2.96 
Nisco (Iran. Islamic Republic or) S9 2.20 4S 2.94 
S1de1 SA (Romania) 27 4.00 46 2.91 
Krupp Stahl (Germany) 44 2.90 47 2.74 
Sidor (Vene1ucla) 4S 2.80 48 2.67 
Gerdau (Brazil) 60 2.10 49 2.6S 
Ahmsa (!'dcxic:<>) "8 2.66 so 2.SS 
Rouger Steel (Uniled S1a1es) S8 2.23 so 2.SS 
Ta1a Iron and S1eel (India) S2 2.40 S2 2.49 
lnonon Iron and S1eel (Hepublic: ol Korea) 66 1.90 S2 2.49 
TIKI (Turkey) 49 2.48 S4 2.43 
Trinecke 7.£1e1amy (C1echoslovalr.ia) SI 2.47 SS 2.36 
Toa Steel (Japan) S6 2.30 S6 2.31 
Weirton (United States) 60 2.10 S7 2.26 
Nor1h Star (Uni1cd S1a1cs) SS 2.32 SB 2.19 
lluta Scndzimira (Poland) SJ 2.38 S9 2.13 
Acominas (Brazil) 62 2.09 S9 2.13 
Wheeling· Pi11sbur1h (United Stiles) 63 2.02 S9 2.13 
Co·S1eel (Canada) 64 l.9S 62 2.11 
Nakayama Steel (Japan) 51 2.29 63 2.11 
Rau1aruuki (Finland) 49 2.48 64 2.09 

Soura: Mnal 8111/~rin. 11 February 1993, p. 21. 
Nair: Counlry shown is lhe country of ori1in of lhe comp1ny: output fi&urcs may include 

company plants elsewhere. 
II E111m11e. 
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Type oCsted 

Stainless sled 

Engineering steel 

Tool steel 

High-strength low-alloy steel 

Super-deep-drawing grades 

Bake hardenable 

Coated steel 

High-yield strengrh at 
elevaled temperature 

Ultra-clean sled 

Cons1an1-web-height beams 

Eleclrical ~reels. high-silicon 

High-strength bar 

Vibralion-damped 

Clad s:eel 

Dcscriplion and applicarions 

Severe corrosive environments 
- process pl;mt, thermal power stations. vehicle nhaus1 systems 
Decorative end-use with corrosion-resistant requiremen! 
- rail and road vehicles. catering equipment. con"tructional 

Engine and automotive transmission components. aerospace. 
general engineering. machine tools 

Manual and automated tools; high bardenabdity 

Aulomobile ouler panels 

Complex aulomoti~ applications requiring high ductility. can-making 

Automobile ourer panels where heal curing paial systems are used 

Merallic - automolive. construction 
Organic - automotive. construclioa, appliances 
Tin-plale packaging 
Tin-rree packaging 

Fire-resistant conslructional long producls 
- beams. columns 

Exira-deep-drawing applicalions, lo•· temperature welding applications, 
sour gas (oil-coun1ry-1ubular·goods) applicalions 

Constructional and building 

Electrical transformers and morors 

lmpacl resistance in automobiles 

Alloy - shipbuilding. appliances. automobiles 
Sandwich - au1omo11vc, cons1ruc1ion marerials. 
such as roofs 

Plare and tube - for improved economy in corrosive environmenls, 
where rhc corrosion resistance or slainless steel is required, 
and a substrale of carbon sleel provides lhe strength. 

Source: Stttl Times lntemational. London, 1993. 

high-temperature strength reach beyond ferrous categori
zation because of their high non-ferrous content. 

diffused into the inside and outside surfaces. while clad 
pipes have a layer of stainless steel metallurgically 
bonded onto the surface. The advantage of this system is 
that it can combine an inner layer of high temperature 
strength with a highly corrosion-resistant outer layer. 

The cost and price fluctuations of nickel have stimu
lated t"'- development of lean alloy !>lainlcss steels. typi
fied by the 9-12 chrome series of heat-resisting fcrritic 
grades, containing no nickel, and manensi1ic stainless 
steels with less then I per cent of nickel. These can offer 
corrosion resistance comparable or superior to austenitic 
steels in most environments, and arc 200 times superior 
to mild steel in rci;pect of corrosion resistance. These 
steels are referred to as lean alloy dual phase. The 9 
chrome- I molybdenum and low-carbon 9 chromc-2 mo
lybdenum steel!; are examples, and additional carbide
forming elements such as vanadium and niobium have 
beer. used to enhance high-temperature strength. How
ever, product development is being focused on the range 
of 12 per cent chrome grades for superior corrosion re
sistance at elevated temperatures. Where corrosion con
ditions are very high, such as in coal combustion boilers, 
excellent corrosion resistance can be achieved without 
excessive use of alloying elements by using chromized 
or clad pipes. Chromi1.ed pipes have a chrome-rich layer 
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Aue gas desulphuri1.ation of oil- and coal-fired power 
stations has become a crucial issue, as this effluent has 
been identified as the major source of acid rain. Conse
quently, flue gas dcsulphuri1.ation equipment is being 
retrofitted onto existing plants, and new generating 
plants must have such environmental protection meas
ures designed in from the outset. The highly corrosive 
nature of nue gas means that stainless steel is the only 
answer for systems whose costs arc measured over the 
product life cycle. 

(c) Automotiv~ application.f 

Automohiles represent one of the most visihle e"am
plcs of the challenge to steel arising from alternative 
materials. The main driving force has heen weight reduc
tion to achieve reduced fuel commmption and hence 



lower running l."Osls and envimr.mcnlal impact Corro
sion rcsislam.-c is a ballle which ha'i been largely won. 
thanks lo lhe de\·clopmcnl and u~ or coaled slccls. 

To aulomobile manufaclurers. bolh plaslics and alu
minium arc obvious allemalivcs lo oblain wcighl rcdoc
lion in structure and ~y panels. but lhcre is no real 
competition with engineering slccls for power train and 
mechanical l."Omponcnts. Recydabilily is a major faclor 
favouring the use or steels 3.'i the prufes..'iional disman
tling or "time-expired .. cars becomes more commonpliK..-C 
in developed l."OUntries. Predictions for lhc fo1ure choice 
or materials' for automobiles show a gradual rcduclion in 
weight for ferrous materials. bul not a reduction in 
application. bccau~ of improvements in steel properties 
allowing less material to be used for the same function. 
Today. steel comprises around 73 per cent of the gross 
weighl or a car body. 

Fora;a.'ils made just a few years ago predicted rapid 
reductions in steel usage 3.'i plastics and aluminium 
gained ground. but expanded research and development 
in steel-making has generated new products lo meet their 
challenge. Led by Japan. a new supplier-customer rela
tionship ha.'i been established between steel makers and 
car manufacturers. which has enabled expected needs for 
materials to be addressed by both parties working in 
concert on product development 

For car body panels a balance has lo be found bclwecn 
high-yield strength. stiffness. deep-drawing properties 
and thickness (renec1ing weight). Outside body panels 
require high-yield strength for dent resistance. al•hough 
problems with surface deflections prob:ibly limit the 
maximum to 240 newtons per square millimetre (N/ 
mm2). Super-deep-drawing qualities can be achieved by 
ultra-low-i:arbon content. and the controlled addition or 
phosphorus provides the appropriate !'<>lute carbon for 
bake hardenabilily. Body panels using this technology 
are highly formable for stamping. and are subsequently 
hardened by baking on the paint line, providing an addi
tional 30-50 N/mm2 after baking. The use or high
strength low-alloy ultra-low-carbon sheet for super-deep
drawing has al!'<> enabled the U'\C of larger one-piece 
panels replacing welds and flange connections, where 
previously more than one panel was used. 

For inside body panels and struclurJI materials. the 
same problem does not exist with surface deflections; 
cold-rolled sheet with a yielJ slreP~lh of 340 lO 
440 N/mm2 has thus been used. This is achieved by the 
addition of solid solution elements to control the micro
structure through chemical metallurgy. Physical metal
lurgical techniques arc u~d to further increase the 
strength and formability of cold-rolled sheets with high 
levels of retained austenile, by continuous annealing to 
improve formability and subsequently lo capitalize on 
the transformation of ductile auslenile into higher-yield
slrenglh martensile by plastic deformation during form
ing. 

For chassis members. hot-rolled steel sheet. precipi
tation-hardened and solu1ion-slreng1hened lo 490 to 
540 N/mm2, has been used together with a dual-phase 
structure of fine ferrite and bainilc. Thermomechanically 
controlled hot-rolling has enabled these steels to achieve 
tensile strengths of up to 7RO N/mm2

• 

Safely is always a major concern for car makers, 
and enhanced-strength reinforcing materials are required 
for use in bumper bars (fenders) and internal door 
guard bars. Cold-rolled, high-strength steel sheet with 

980 N/mmz tensile strength have been used l.'"t>mmcr
cially, and a 1..'"t>mbination or steel chemistry and continu
ous annealing ha.s enabled ultra-high strength of up to 
1,470 N/mm' lo be reached. 

None or lhese properties would have been achieved 
wilhout developmenl'i in production technology which 
have enabled the making of very low-residual clean steel 
wilh Ok.-curately controlled chemistry. By pmces..sing 
the~ steels through conlinuous ca.<tting. cleanliness has 
been maintained. Subsequent thennomechanically l.'"t>n
trolled hot-rolling and continuous annealing of cold
rolled strip has enabled physical metallurgy lo achieve 
the desired qualities for the ~teels demanded. 

Corrosion problems with motor car bodies is rnw 
more or less a thing of the pa<tl. It used to be that the 
body of a car would nol la.<tt the lifetime of the mechani
cal components. but now the balance is more even. This 
is partially due to better-detailed panel design and paint
ing systems. but more influential has been the use or 
galvanized steel shttl. 

Traditional steel cladding material for buildings has 
been metamorphosed into a high-technology material for 
both external and internal body panels. The resulting fin
ish is now suitable for cosmetic external use. where pre
viously electrogalvanizing was the only route available 
to reach an adequate substrate for visible paintwork. 
Metallic coaling can be done on one or both sides of the 
sheet, electrolytically or by dipping, and a range or coat
ing alloys can be used. The~ arc usually ba.'\Cd on zinc, 
nickel and aluminium, and offer far greater corrosion 
protection than standard zinc galvanizing. Organically 
coated strip (painted) is used to a limited extent in auto
mobile manufacture. but the problems associated with 
joining prepainled materials have restricted its use. 

Corrosion remains a factor in exhaust systems (muf
flers), and ferritic stainless steels can provide life-cycle 
economies. The introduction of environmental controls 
on exhaust em:ssions and the increasing use or catalytic 
converters on exhausts has changed the perception of the 
exhaust system from a disposable low-cost item lo a 
higher-cost, long-life item which should last the lifetime 
of the car. 

As steel lacks the noise-attenuation properties of plas
tics or aluminium, sound-proofing becomes necessary in 
motor cars. Ways to avoid this have been found with the 
development of vibration damping sheet Since the 
1960s, efforts have been made lo impart damping quali
ties on steel sheet through the use of alloying, but the 
results have been loo expensive for general use. The 
design characteristics required can be classified into dis
location, lwinning. composite and ferromagnetic types, 
depending on the damping mechani~m. For general use 
the ferromagnetic damping alloys based on an iron-alu
minium-silicon composition would appear lo have the 
best future, since costs can be kepi lower, and their 
damping characteristics do not depend on temperature or 
frequency. 

The other mule lo vibration damping is through resin
sandwiched sheets, which comprise a thin layer of visco
elastic resin between two thin steel sheets. Any vibration 
bends and deforms the entire steel sheet, and the result
ing slip formation of the resin layer resists bending and 
deformation. reducing the vihration. These are formablc, 
and the addition or metal powder to the resin has resulted 
in a weldable grade being available. In Japan, commer
cial lines now exist for the production of resin damped 
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shttt. anJ one automotive application has bttn in engine 
oil sumps. As there is a temperature 1-estriction en sanJ
wich shttt". the choice between types of vibration damp
ing technology JepenJs on its application. 

Although the cer.imic engine now exists. it is still in 
the development stage. Ceramics are unlikely to repla~"C 
engineering steels as a commen:ial proposition for most 
engine components. An interesting development for 
sn~ll anJ complex steel ~-omponenls has been the in
crea.,.ing use of powder metallurgy rather than casting or 
fol}!ing. PowJer metallu1gy offers densities and strengths 
approaching that of solid material. but without the ex
pense of intricate machining. The resulting pmducto; ha,;e 
a consistc.-nt and repeatable structure. without the possi
bility of internal void." and flaws. 

tJ> Electrical <1pplianu numufacturin., 

As discussed. the use of metallic coated steels in the 
automobile indus1~· i:; witiespread. wherea.o; organic coil
coa•ed (painted) sheet finds fewer applications. How
ever. in the production of cabinets for electrical appli
ances. the use of prepainted sheet is widespread. The 
advantages to the manufacturer are obvious. It eliminates 
the need to have ;my painti'lg facilities. thereby doing 
away with an environmentally haz.ardous operation. As 
cabinets are usually fastened by riveting or screwing. 
there is no welding operation to deslloy the coating. and 
advances are being made in the use of thermosetting 
adhesives which resut· in a join a.o; stronr a.o; spot weld
ing. Coil-coated material can be press-formed without 
damaging the paint film. and it remains a very vers•llile 
material. New precoated sheets with linear polyester 
resin paints can even be folded double without damaE.·ng 
the film. There is an enormous range of coloun. and tex
tures that can be applied by coil coating to sallsf~· not 
only the practical aspects of functionality. but also the 
aesthetic qualities required for domestic use. 

Coil-coated material is also widely used for office 
equipment and furniture and in cladding panels and roof
ing for buildings. Coated steel for buildings has become 
particularly well established in Australia. and conse
quently BHP Steel has become a world leader in the 
supply of prepaintcd coil, both for domestic use and for 
export to East-Asian countries. 

In Japan, the use of vibration-damped sheet in wash
ing-machines is finding favour. Japanese households 
tend to be small, and washing-machines are usually in
stalled in kitchens. where it is important that noise be 
kept to a minimum. 

Electrical appliances usually include at least one elec
tric motor for which a special range of so-called electri
cal steels. containing up to 6.5 per cent silicon, have 
been developed, divided into grain-oriented and non
grain-oriented types. For small electric motors. non
grain-oriented silicon steels of up to 3.5 per cent silicon 
arc commonly used, providing high magnetic flux den
sity with acceptable core loss. New steels arc being de
veloped to meet the high magnetic flux density required 
for torque characteristics. while reducing core losses 
through control of steel composition, higher purity and 
control of grain size and orientation. Eddy current losses, 
whir.h comprise 70 per cent of total core loss. can be 
reduced by using thinner sheets, even as low as 0.2 mil
limetres thick. Lower core loss will be achieved through 
the production of even thinner sheets, hut the silicon 
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steels are hard to roll because of brittleness. and ahema
ti,·es to conwntional rolling are being sought. One ap
pmach is to cast thin strip d:rcc:tly. thereby reducing the 
need for finish rolling to a minimum. This technology is 
being appiied to the production of stainles..'> steel on a 
pilot scale. and is ellpttted to go into C~lmmen:ial pro
duction in Japan. 

( e > Construction 

Steel has been \·ying with reinfon:ed concrete.- a." the 
pnme building medium for high-rise buildings. and has 
met with considerable success in the United Kingdom. 
following a very active marketing campaign by British 
Steei. The construction boom of the 1980s saw steel take 
an in.:reasing share of the mar!cet until it finally took 
over the leading posit:on from reinforced con~-rete. 

Whik this trcr.d ha.'> not been ~o apparent in other coun
tries, steel makers all over the world have taken note of 
the United Kingdom success and are attempting to capi
tali7.e on th1. innovation. The current recession ha.'> obvi
ously caused a spectacular reduction in buildin~ projects. 
but argurm"nls for steel-framed buildings remain strong. 
Speed of erection is the main factor in favour of 5 eel. 
keeping costs down during conslruction and enab!ing the 
building to become a revenue earner at an earlier date. 
For high-rise build:ngs. steel had previously suffered 
from it'i inability to maintain its strength at the elevated 
•cmperatures experienced during fires. It was looked 
upon as inherently unsafe. The making of steels with 
increa.'ied yield strength at elevated temperatures ha.'i 
helped lo alleviate this problem, a'i has the design of 
structures themselves and improved fire-resistant. protec
tive insulation. 

Constructional steels for the inner structure in high
rise buildings arc in the form of beams and sections. 
Large beams which were previously fabricated by weld
ing arc now being rolled integrally. and in Japan beams 
of fixed outer dimension have been introduced. This 
development makes construction much easier for the 
structural steelworker, since he does not have to accom
modate beam!I: of different overall height. This may seem 
a small and simple achievement. but for the beam-mill 
designer it has been a considerable challenge. due to the 
actual nature of beam-rolling technology. 

Precoatcd steels arc also widely used for exterior wall 
cladding panels and roofs in industrial buildings. and in 
some countries for domestic housing as well. The main
tenance requirement for these materials are minimal. an 
important factor when making life-cycle costing esti
mates. Prcpainting is always done onto metallic coated 
strip, so that even if the paint layer is damaged. corrosion 
resistance remains high. Bao;c coatings of hot-dipped 
7.inc-aluminium alloys are nonnal for high durability and 
corrosion resistance. Fluorine-containing resin paint 
maintains coating performance and discolouration resist· 
ance. Whcre:as the normal procedure today is for a two
coat. two-bake process, improved perfonnancc will be 
achieved by developing better paint qualities and apply
ing three-coat, three-bake systems. As with electrical 
appliances, the range of finishes which can be applied is 
designed to satisfy all needs, to match the surroundings, 
or to draw attention to the building. 

Stainless steel cladding is also being used on prestige 
buildings, and enjoys the advantage of complete freedom 
from maintenance, except perhaps for the occasional 
cleaning. 



(j) Electricity supply 

It has been estim,1ted that the world cono;umes some 
12 billion megawatt-houis or electricity annually. Small 
increments in generator efficiency would. therefore. have 
a considerable impact on cos.s. Even as the search for 
superrnnductivity at ambient temperatures proceeds. 
steel can still help to lower the cost or gener.itor pmduc
tion. 

Grain-•~ri!nted silicon steels an: used in transfom1er 
cores and static electrical equipment. The si1e and orien
tation of the grJins influence the magnetic perfom1ance. 
and hence core loss. Sted makers have been able to 
make grain-oriented sheet since the llJ30s. when the 
technique was developed in the United States. This has 
impmved vastly since its inception. in that the magnetic 
flux density ha." increased. thinner sheets have been pro
duced. and by using laser irradiation to subdivide mag
netic domains core loss has been reduced. It is recog
nized that steel containing 6.5 per cent silicon provides 
the best characteristics for core loss and magnetic perme
ability. but the brillleness of this material precludes the 
normal rolling procedure for production. Thin strip cast
ing is one way amund this problem. as mentioned above. 
but chemical vapour deposition has been shown to be a 
revolutionary way nr siliconizing. after the sheet has 
been rolled to the required final thickness (down to 0.2 
millimelres and below). 

( K) Oil and Ktl.f productio11 

The demand for steels which could cope wilh !he ex
treme conditions experienced in the harsh environment 
or oil and gas extraction platforms in the North Sea. and 
in other exlreme weather locations such as Alaska and 
Siberia. caused a flurry of steel development. Not only 
do oil-country-tubular-goods steels and offshore slruc
lural steels have lo remain ductile and weldable at low 
temperatures, they need lo have high-impact toughness al 
low temperatures; in !he ca'ie of pipes and tubes. they 
mus! resist lhe acidic and sulphurous materials which are 
being extracted. The oil extraction industry. therefore. 
has been a major force in developing ultra-clean steels 
with very low levels of sulphur and other residuals. 

Technologies widely adopted for making clean steel" 
in bulk have previously been the domain of special or
ders only. but they have now been commonly adopted 
for b1.1lk steel-making. These include: hot metal 
pretreatment to remove silicon, phosphorus and sulphur; 
slag-free tapping of arc furnaces and converters; second
ary steel-making: stirring. temperature control. alloying 
and degassing; shrouded ca'iting; and strand stirring dur
ing casting. Once clean steel is made. various physical 
melallurgical lechniques are applied lo reach the required 
tensile strength combined with toughness and 
weldabilily. 

( h) ParkaKill~ 

For the steel induslry. packaging sleets are usually 
associated with steel cans made of tin-plate. Although 
tin-plale account~ for barc:iy .~ per cc:nl of world steel 
production, steel crins are a widely used form of steel 
packaging. However, aluminium cans are becoming in
creasingly compelilive. In fact, aluminium is !he higgest 
rival of steel pack~'!ing. Following years of :1ggre'isivc 
cxpan'iion, plastics materials now appear lo have reached 
lhe limits of !heir capabilities in view of increased de-

mands for recy1..·ling. Glass is restricted mainly to liquids 
and reopenable lid containers. and has an inherent break
age problem. The aluminium industry has been very 
active ir1 marketing its material lo the packaging industry 
with considerable success. and it has been gaining a 
share of the steel market. But recently. steel makers have 
begun to fight back by working closely with container 
makers to meel their needs and those of the end-user. 

The arguments over the comp.iratin· degrees of 
recyclability of aluminium and steel are well aired and 
not entirely conclusive. Aluminium has a high level of 
latent energy since ii takes considerable energy to extract 
aluminium from bauxite. Recycling this latent energy 
clearly makes sense. but recycling aluminium cans is 
more difficult than recycling steel ones, simply because 
steel cans can be magnetically separated, whereas alu
minium needs to be manually selected. a joh which usu
ally relies on !he consumer at a coilectior. point. 

Recyclability apart. the factors that affect the material 
choice are weigh!. cost. ease of forming. longevity. con
sumer appeal and ease of opening. Steel 1s fighting an 
active campaign on these fronts. and is currently doing 
well in the food market. but less well in hevera~es. Tin
plate is cold-rolled steel strip which is subsequently 
plated with lin and protected with an organic film of 
lacquer or plastics on the inside surface. The cos! of lin 
has dnven the development of !he so-called "tin-free 
sleer· which is a chromium-plated matc:1 ial. and it has 
also caused the use of ever thinner tin coatings. In 1970, 
a typical lin co.iling was 2.H grams per square metre. 
whereas today the figure is less than I gram per square 
metre. Meanwhile !he minimum tin-plale thickness has 
been reduced from 0.20 millimelres in 1970 lo 0.14 
millimetres today. a reduclion of over 30 per cent in 20 
years. Manufacturers loday are aiming to reach 0.12 
millimelres. These reductions have resulted in the weigh! 
of a two-piece beverage can (without the end) being re
duced from 42 grams to 28 grams. or by almost 33 per 
cent. Current research is working on bringing this weight 
down to 19 grams, wilh a result:.1•l wall thickness after 
drawing of only 0.05 millimclres. 

!'>uper-deep-drawing steels have enabled !he develop
ment of the two-piece can. wilh the hase and wa!ls in one 
piece. and a separate lop. This reduces the welding op
erations needed for the conventional three-piece c;m, and 
speeds up production. Two-piece cans can be painted 
with !he final label design before forming. removing the 
need for separate paper labels. 

Application of !he lacquer or film lamina1e has been 
developed from a sheet process into a continuous coil 
process, J?reatly reducing costs and increasing fle'tibilily 
of coaling choice. The traditional can-opener could be
come redundant as peel-off tops are developed for food 
cans. Already !he beverage can is universally opened 
without a lool, allhnugh mos! two-pie~·e steel beverage 
cans have aluminium lops which are easier to manipu
late. Recenl research has led to the production of a sleel 
easy-open lop wilh two push-in hullons sealed on !he 
iriside with plaslisol, and another company is working on 
a film-laminated, chromium-coated steel :op of a high
tensile. deep-drawing quality which relies on scoring 
technology similar to !hat used for aluminium lids. 

A further interesting devclopmenl is !he use of shallow 
trays for food packaging wilh peel-off. heat-scaled lids. 
Pet-food manufacturers were the first lo use lhese con
rainers. which are now being considered for human foods 

199 



and ready meals. It has been shown that such trays can 
be used in microwave ovens; the potential for tin-plate in 
the packaging of ready-to-serve meals is thus an ex
tremely interesting development. 

The tin-plate industry needs these new ideas in order to 
expand. Although 13.7 million tonnes of tin-plate packag
ing wa'> used worldwide in 1991 (of which 25 per cent 
was recycled). the predicted growth rate for the product is 
not more than 1 per cent per annum up to 1995. There will 
be growth areas in the world where this figure will be far 
excccdcd, but overall growth in tonnage terms is re
stricted. However, with the drive for thinner gauges and 
lighter cans, tonnage is not the best parameter with which 
lo measure the growth of steel in packaging. The figure 
which best reflects the true performance of tin-plate is 
surface area, but this is far less easily measured. 

4. Short- and medium-term ollllook 

Forecasting production and consumption in the steel 
industry still involves much uncertainty. At the begin
ning of 1993 the trade restrictions being applied in the 
United States were still in a state of flux, and could have 
a major effect on import and export flows. 

(a) North America 

Improving economic conditions in the United States 
and Canada at the beginning of 1993 have been generally 
interpreted a'> reflec.ting the end of the global recession in 
developed countries. The anticipated consumption level 
of 99 million tonnes for 1993 should provide a bench
mark for consumption to the year 2000 (36). Stabili-
1.ation at this level is considered to be the likeliest sce
nario. 

(b) Europe 

Consumption of steel products within the EEC in 1995 
will maintain its trend with a value of 115 million tonnes, 
that is, about the same level as in 1990, which was quite 
a good year in the European steel market. In the second 
half of the decade, one source suggests that very slight 
growth will take the total to 117 million tonnes. Non
EEC countries of Western Europe comprise a relatively 
small percentage of overall steel production, although 
there are important producers and markets in Scandina
via. Consumption in this region was in the doldrums in 
early 1993, with little change expected in the short term. 

The future of Eastern Europe and the former USSR is 
largely unknown and wide margins of error should be 
allowed for. Consumption at the beginning of the decade 
was estimated at around 150 million tonnes, and since 
then the fall has been dramatic. By 1995, it has been 
suggested that the worst should be over, and that a figure 
of 100 million tonnes might be sustained until the year 
2000 (35). 

(c) Japan 

Despite government action on increasing infrastruc
ture spending in Japan, :najor steel-producing companies 
are consolidating their iron al'd steel activities and look
ing for expansion in other areas. Steel-consuming indus
tries in Japan arc expected to decline as automotive 
transplants continue, and Japanese steel makers look 
overseas ii.r joint-venture production opportunities. As a 
result, consumption is forecast to decline by about 0.7 
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per cent annually to around 85 million tonnes of prodlk."tS 
by the year 2000. The overall picture in developed coun
tries is essentially stagnant till the end of the decade, 
apart from short-term fluctuations. 

(d) IH\-rloping mmut e':vnonries 

Latin America experienced a slight upturn at the ~
ginning of !993, although Brazil, the dominant economy 
in the region, failed to recover as hoped. However, t."On
sumption in the region is predicted to rise by around 4.6 
per cent annually to around 35 million tonnes 1361. De
veloping Asia will also show growth to a level of 105 
million tonnes by the end of the decade, with particular 
optimism ; .1 the South-East Asian countries of Indonesia, 
Malaysia, Philippines and Thailand. 

Reconstruction and development in Western Asia, 
particularly in the Islamic Republic of Iran. should lead 
to increasing steel use in that region. Little change is 
forecast for Africa, and the political situation in South 
Africa is unlikely to spell growth for the economy. 

Altogether, consumption in developing countries 
should grow quite strongly, by about 5 per cent per year 
to 1995, and then by 3.4 per cent per ye.-r to 2000 (36). 

(e) China 

Demand in mainland China should easily reach 80 
million tonnes by the end of the decade, and the authori
ties hope that domestic production will reach that level at 
the same time. At the current rate of expansion this will 
possibly make China the second biggest steel-producing 
country in the world after Japan, and almost certainly the 
third after Japan and the United States. 

In summary, total world steel consumption in 1995 
will still be below the 1990 figure, mainly because or 
restructuring in the formerly centrally planned econo
mics. But from 1995, an annual 1.1 per cent growth rate 
to the year 2003 should result in a global consumption 
figure of 686 million tonnes of finished steel producl'i. 

H. Advanced materials 
(parts of ISIC 3513, 3610, 3620, 3710 and 3720)* 

I. Recent trends and cu"ent conditions 

The current global recession has generally restrained 
any increases in sales revenues for advanced materials in 
the past two years, cltcept in the communications and 
computer industries. The monetary and industrial poli
cies of the past decade for most countries in the North 
have adjusted to the recent economic downturn together 
with the end of the cold war. Developing countries in the 
South which export conventional raw materials also have 
experienced declining sales. In general, the potential 
exists to expand advanced materials sales in the automo
tive, aerospace, electronics, heavy equipment and ma
chinery, and other materials-related industries. 

(a) Nature of advanced material.f 

Just as there is no unified definition of advanced ma
terials, there is no single, all-purpose classification. 

•UNlllO acknowledge, 1he con1ribu1ion of Waller C. Lally,, Prof es· 
wr of Re,ource F.conomic,, Wo1 Virginia UniYenity. 



Some ath·aocc.'ll material'i ha\·e aho heen lemial 'ilnh:
lural materials. or in some ca.Sc."s enginttred materials. 
Re..1uiren~nl'i for Jdinitions and da.,.silicalion" lllU'>I he 
tailored lo spn:ifi~· purposes [J71. If the primar} cuncc.-m 
is matc.-rials a\·ailahility. for e\ampk. t~e dassificalion 
will he ha'ini on the rnmmoJity mi11c."rals u'in! in manu
fai:turing. If the concern is the actual or potential suhsti
tulion of one material for another. th~ dassifil·a1ion will 
he ba...c:d on materials types. for c.-xampk metals. po:y
mers. l·c.-r.unics anJ composites. &ic.-n1i .. 1s anJ engineers 
may classify malerials accorJing to chemislry. properties 
or funclion. Industrial man;1gers may he nml-emc:d 1A.ith 
materials nc:c:d'i and de\·dopments in this indu'itry or in 
market shares. and will Jewlop appropriate da.,.sifica
tions. Product manufacturers. on the other h::md. may 
Je\·isc.- a dassirication based on processing technologies 
for which capabilities e\ist or may he de\·dopeJ. 

One appmach In achie\e unity among the above classi
fications. as shown in figure IV .2 I. reflects the lluiJity 
existing among the basic matc.-rials types: cer.imics. poly
mers and metals. Composites retlect a combination of two 
or more of these materials to obtain a raw material that has 
properties superior to those of its constituents (J!!J. As an 
example of how the!->e properties can be modified. figure 
IV.22 compares the maximum use lemperatures of three of 
these basic types. Organic materials such a'\ polymers are 
shown lo melt or char above J 16'' C; most refractory 
metals lose their uo;eful strength above I .(HI!' C; ceramics. 
hnwe\·er. can relain their strength ahm·e l .M9~ C and can 
he polenlially useful up 10 2.760' C. In applicalions such 
as heal engines anJ exchangers. in which efficienc.:y 
increa..es with operating temperature. ceramics offer 
polential energy and cost savings Jue lo simpler Jesigns 
than woulJ he possible with metals. 

Figure IV.23 compares the ··specific" strength and 
stiffness lper unit weighO of some advanced materials 
with those of conventional metak The specific stiffness 
of aluminium can he increased hy a factor of 3 hy mixing 
the metal with 50 per cent by rnlume of silicon carbide 
fibre to fom1 a metal matrix composite. Evera more im
pre'isive are polymer matrix composites o;uch ao; graphite 
fibre-reinforced epmy I graphite/epoxy). which may 
have spe..:iric !'>trength-; and stiffness of up to four time'i 
that of steel and titanium I measured along the direction 
of fibre reinfon:emenl). Such properties make ii possihle 
to huild composite 'lrudure.s having the s;une strength 
and stiffness as metal slnrctureo;, hut with up to 50 per 
cent less weight. a major advantage in aircraft and space 
applications. 

Although the above pro(k·rtics of ceramics and l·orn
posilcs are impressive. the main advantage" of advanced 
materials is that they are "tailored" materials. fahricaled 
from constilucnls lo ohtain 1he properties re411ired for a 
gi\·en application. The development of advanced materi
als has opened a whole new approach lo engineering 
design. In the past. designers started with a material and 
selected discrete manufacturing processes which trans
fonne<l ii inlo the fini,hed structure. Applying lhe new 
tailored materials. designers 1111w start with rin.11-per
formance requirements and lilerally create the necessary 
materials and structure in an integrated manufacturing 
process. Thus, with tailored materials. old concepts of 
materials, design aml fahrication pnx:essr.s arc merged 
with new ones of integrated dt•sign and manufacturing. 
and a.s a result. new materials can he categorit.ed in the 
four groups described he low. 

.\fn<1l.f <1nd c11l11u. Most advanced metah a~ struc
tural materials. 1h;1t is. material-; used in human-matk 
strucnm.-s and machine" primarily because of their n~
char.ical propertie .... The~ are Ji,tingui.Jlni fmm mag
nc.-lil'. de!l·tri~·al ;ind elfi·tronic. phnloni~-. refractory. :sbr.i
sive and other functional types of material-;_ They pos
sess properties often superior l\l those of traditional n~t-

Figure IV .21. Classification of advanced materials 

Key 
CMCs : Ceramc ma1m1 composo!eS 

PMCs : Palymeo' m.atmr composoles 
MMCs : Mefal malml composol~ 

Not• .- Includes "1!ram!CS. potymttr5 .. ld me'..llS ~ - /lD /IJeS. 
maren.-Js produce ceramoc main• Compo$'!es 1CMCs1. p<.lyme< m;i!n• compos;~ 
1PMCs) and mer;a1m.arn•compo5'les1MMCs1 

Source Office of Technology Assessment. Advanced Marenals by 
OeStgn. (Wash1ng1on. 0 C . Governmenl Pnn11ng Office. 1988). 

Figure IV .22. Maximum use temperatures of 
various structural materials 
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Figure IV .23. Comperison of the spedflc stretiglh 
enc1 stH1ness or ftflous compodn met ......_ 

3 

~,_, 

• 

0 ~.~~~~~~~~~~~~~~~~ 

0 1 3 ' Sp9cllc_...,. 
Scum: Bur-.. of Mines. .,,.. ,.,,,., Mari&l.s Socilfy (WllShinglon 

D.C .• ~II Prinling Olb. 1991). 

als, such as strength at elevated temperatures, lightness, 
microstructural stability, and resistance to corrosion, to 
<:Rep and to fatigue failure. The aerospace industry is by 
far the most important market !or these metals. Metals 
which are of grave concern todav are high-technology or 
special metals, that is, beryllium. gallium. gcnnanium. 
niobium, platinum, titanium, zirconium and the rare 
earths. Also important are special alloys which constitute 
micrustructural variants of conventional metals. Exam
ples are amorphous metals produced by one of lhe rapid 
solidification techniques, metastable alloys produced by 
mechanical alloying. oxide-dispersion-strengthened met
als produced by powder metallurgy, and directionally 
solidified alloys. 

Ceramics. These materials encompass all solids that 
are neither organic nor metallic and are important for 
electronic, optical and magnetic devices. They are for
mulated from canh materials, formed into u.o;cful shapes, 
and transformed into solid bodies u.~ing heat-emerge. 
Compared with metals, ceramics possess superior wear 
resistance, high-temperature strength and chemical sta
bility; they also generally have lower thermal conductiv
ity, thermal expansion, and lower toughnes.~. that is, a 
tendency towards brittleness. Conventional ceramics, 
such a~ refractors, gla~s. brick, abrasives, porcelain, 
enamels and pigments have been in use for some time; 
so have structural ceramics. New advanced structural 
ceramics include alumina, silicon carbide, silicon nitri<k!, 
sialons (SiJN,-ALzOJ co111pounds), boron carbide and 
boron nitride. 

Polymers. Though plastics such a~ polyethylene, 
polypropylene, polystyrene and polyvinyl chloride have 
constituted a major industry for many years, and fibre 
gla~s-reinforced plastics have found broad applications, a 
new cla~~ of polymeric materials with exceptional 
strength and heat resistance is emerging and being in
creasingly used in automotive, aircraft and many other 
applications, repl:tcing metals. These materials arc clas
sified as "engineering polymers" and "performance poly
mers". Among the former are polyphenylene oxide, 
polybutylcnc tercphthalate, polyethylene tercphthalate, 
polyacetal, polycarbonate, and alloys and blends of these 
polymers. Among the new performance polymers (with 
decomposition or glass transition temperatures as high as 
21S° C). are nuoropolymcrs, polyamidc, polyamide-
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imidc, polyarylate, polyethercthcdetonc. polyether
imide, polycthcrsulphonc. polyphcnylenesulphide and 
polysuphonc. These materials. which arc reinfon."Cd with 
;: variety of fibres. arc being applial to bolh exterior and 
interior components of aircraft. evaluated for ~ in au
tomobiles to replace sheet steel in the body. and consid
cml for structural componmts. 

Composites. These materials generally consist of fi
brous or particulate reinfon.-cments held together by a 
common matrix. Continuous fibre reinforcement en
hances the structural properties of the composite far 
more than particles do. However. fibre-reinfon.'"Cd com
posites arc more expensive and difficult to fabricate. 
Composites arc classified according to their matrix 
phase. Thus, there arc ceramic matrix composites, poly
mer matrix composites, carbon fibre or carbon-carbon 
composites and metal matrix composites. Ceramic matrix 
composites contain dispersed ceramic particulates and 
whiskers, or continuous fibres used principally for 
toughening ceramics. Another type involves the applica
tion of a thin ceramic coating to a metal substrate; this 
yields a component with surface properties of a ceramic 
combined with the high toughness of metal in the built. 
Polymer matrix composites consist of high-strength. 
short or continuous fibres held together by a common 
organic matrix. The composite is designed so that the 
mechanical loads which the structure is subja.-ied to in 
service arc supported by the fibre reinforcements. Poly
mer matrix composites are often divided into two catego
ries: "reinforced plastics" and "advanced 1.."0lllposites." The 
distinction is based on lhe level of mechanical properties 
(usually strength and stiffness); however, there is no 
clear-cut separation. Among advanced composites, car
bon fibre composites employ carbon fibres as the rein
forcing component in a number of organic or inorganic 
carbon matrices. Combinations of carbon matrix and 
carbon fibre make carbon-carbon composites attractive, 
because of low density, high strength, high stiffness and 
superior thennal properties (such a'i high-temperature 
stability in a non-oxidizing atmosphere). Metal matrix 
composites usually consist of a low-density metal, such 
a.~ aluminium or magnesium, reinforced with particulates 
or fibres of a ceramic material, such a~ silicon carbide or 
graphite. 

Compared with unreinforced metals. metal matrix 
composite.~ have a significantly greater stiffness and 
strength, a~ indicated in figure IV.23. However, these 
properties arc obtained at the cost of lower ductility and 
toughness. Composites within these categories are often 
referred to a~ "advanced" if they exhibit properties such 
as high-temperature strength or high stiffness per unit 
weight, which arc significantly helter than those of more 
conventional structural materials, such as steel and alu
minium. 

(h) World productinn and con.rumption 

The global value of all products made enlire~y or in 
part from advanced materials is estimated al $170 billion 
for advanced polymers, $90 billion for advanced metals, 
$3.S billion for advanced carbon and S 13 billion for ad
vanced ceramics (371. Such values arc not uncommon, 
when considering the large si1.e of the more important 
end-use markets. For instance, if metal malrix nimpos
ites were used in automobile engines to make cars lighter 
and hence more fuel efficient, the worldwide market for 
metal malrix composites could reach billions of dollars. 



Growth of advill'k."Cd 1113terials has been cited as ad
versely affecting the demand for some major metals; 
although the mott important fill."1or beilind the recent 
slump in metals has been the global downturn (391. With 
the ra."Cflt m."overy of growth in developed countries. the 
demand and prl'-"CS of most metals (nickel. co,>per. alu
minium etc.) hotve started to rise again. Whether this rise: 
will continue in the long run depends on two fik."1ors in 
parti'-·tllar: 

(aJ One is a change in the kinds of products '""°"
sumeJ. With the rise in the standard of living in devel
oped '-"OUDlries. demand for mnsumcr goods (household 
appliillK."CS. '-"MS etc.) is bo."Ollling saturated. Silk."C these 
goods ~ a high '-"Ollventional materials content 
(steel. aluminium. conventional alloys &). the derived 
demand for the latter also is affected. The ia"JCascd re
cycling of materials also reduces this derived demand; 

th) The other is a change in the materials used to 
prodlk."C output. The rise in basic materials prices after 
1973 indlk."ed technological changes which have resulted 
in subslantial savings on materiais in manufacturing. 
The development and use of more efficient advanced 
materials also contribute to the proccs..'i. This indusllUI 
transformation has been termed ""transmatcrialization". 
and refers to technological progress whereby production 
ba~ on conventional minerals is being rcplat."ed by 
.. high-technology .. minerals and advam."ed materials (40J. 
Examples of this substitution process include greater use 
of pla'itics. thermoplastics and organic matrix composites 
in cars instead of steel. use of optic fibres in telephone 
cables in.'itead of copper. and USC Of aluminium-lithium 
alloys instead of conventional alloys in aircraft manu
facturing. 

At present. however. the scale of substitution of ad
vanced materials for conventional materials remains lim
ited. implying that growth in the industry will evolve 
slowly in an incremental fa,.hion. Such a pattern is re
flected in table IV.49. which reports a levelling off in 
global sales of advanced materials since l 990. 

MetaL-r and alloys. The pioduction of advanced metals 
is typically divided into five groups. Two of the groups. 
intermetallic alloys and metal matrix composites, arc 
advanced materials. The olher three groups. which in
clude aluminium alloys. superalloys and titanium alloys 
constitute both advanced and engineering materials. 
Table IV.50 features recent estimates of consumption of 
advanced metals and metal matrix compositc!I in the 
United States. Data on advanced aluminium-lithium al
loys arc the only data available for the aluminium group. 
At least two of the advanced metals groups, aluminium
lithium alloys and metal matrix composites, arc begin
ning to emerge from the development stage. Consump
tion or these materials, allhough starting from a small 
ba~. is expected to grow rapidly in the 1990s, ao;suming 
substantial commerciali1.ation. The use of superalloys 
should grow at a modest rate of about 5 per cent per 
year. while the use or unreinforced titanium alloys ii; 
likely 10 remain essentially unchanged throughout 1995, 
after which it is expected to decline somewhat ao; these 
alloys are displaced by advanced malcrials. The 
intennctallic alloys arc not expected to see major use 
until lhe end of the 1990s. 

Cnamir.f. Advanced ceramics are consumed in: elec
tronic and structural applications in vehicular, stationary 
and aircrafl engines; culling lools; wear parts; capacilors 

Table IV .49. World ulra ol edvaHCd .. aerials. 19'0-1'92 
(Millioas ol pounds s1erlinc; aullioas ol dollars) 

Ma1en11ls l'J'JO 1991 199~ 

Advanced polymer compo511cs 
Sllipmcn1s lSO 31.1 ll.0 
Re•enue .. 000 .. soo .: .SJO 

Ad•anccd ceramics 
Rettnuc I) .S'14 IS 3" 1 IS -lOO 

Encir.ccrcd ccraaucs 
Re•enuc I lS9 160 I 700 

Me1al maina n>mposircs 
Slloipmenu I.? 0.91 1.0 
Re•enuc 60 s.i S4 

Carboa • carboa ro111positcs 
Sllipmcnts 0.68 H? O.SJ 
Revenue ?00 17.s 17.S 

Polymer c:omposi1~ 
Sll1pmen1s ?S7S ? J60 ?-l90 

S-C~: Bureau ol Milles. Millnol C-..oditr S-.a 
(Wasllia11oa, D.C.. Gonramca1 Pnalia& Off..:c. 1'19J). 

Notr. Sllipiacars arc ia millllOllS ol pounds s1erli111; rcttauc is ia 
millioas ol dollars. 
II Eslimalcs. 
ll Uai1cd States only . 

T.we IV.51. Est-.... Ullit• SCalcs n- .,,._ _,..._.. 
metals ... mdal IUlris Cl llJ 1 liMs 

(Thousands oC 1oa11es; millioes oC dollars) 

Marcr~I 1?8.S 19?0 199Sll 

Alum1n1um·li1l11um allo7,.!I/ sm .. 11 s ..... 11 ?S.O 
(Small} (Small) (S.SSO) 

Supcralloy,.!I/ 20.0 30.0 40.0 
(SlSO) (S600) (SI 000) 

T11an1um alloys 20.0 21.0 200 
(S6S!l) ($720) (Sl70) 

lntumctallic alloys Small Small JO 
(Small) (Small) ($100) 

Me1al ma1n1 compos11es Small so ?S.O 
(Small) ($220) (S7SO) 

Sower: Bureau ol Mines. 11w Nr-- '-latmals Sociny (Wash111s1on. 
l>.C .• Governmen1 Prin11ns Office. 1991). 

Nau: Small 1mplws ~ss than 1.000 1onnes. or less lhan SIOO mtlhon. 
F1sures 111 parcnlltcscs arc millions ol dollars. 
ti 1's11ma tu. 
II Cnre1nrorccd alloys only. Reinforced alloys arc mcl11dcd 11\ metal 

ma1r11 compo51tes. 

and integrated circuits packages; resistors. seals and 
no7.7:les; and bioceramic medical product.'i. Traditional or 
conventional ceramics used in making pottery, bricks, 
abra~ives, refractories, plumbing fixtures and ceramic tile 
floors. for example, nonnally do not meet the demanding 
environments or advanced applications. These various 
end-uses are generally divided into electronics and struc
tural or engineered segments. The fonncr represent a 
mature business or which the fiBt product~ gained com
mercial acceptance in the 1950s. The latter is an infant 
industry with great, although uncertain, polential. Supe
rior physical properties such as high strength and corro
sion rcsisiance have enabled advanced ~ramie prnducls 
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lo g:ain a plOM.-e in market-. prcviou.sly domirwro by mor~ 
lr.ldilional malmals. A.s man~ pmJL'\.'1s ~c fmm lite 
~it pmsc and a-. nutmai substilution problems ~ 
solved. sales nuy increase mon~ rapiJl~·. 
~ madcl Jata reportro for advml.-cd '--er.unics vOU}· 

•·idcly hlxau...c of the lack of a stanJanl dassification 
system Hm11o-C\-Cr. such Jata still rella.'1 trend-. in market 
gmwth and the relali\·e si1es of market ~gmcnLs. ~ 
gk'lbal market for ad\·Olllttd cer.amics was about SIJ.6 
billion in 1'191. This estimate refers lo the value of the 
\."Cr.llllic l."OOlponenl of ?f0dlk.'1S l.'llrltaining adv:llk.-cd 
ceramK.-s. a.s distinguished fnlrlt the full value of ad
vant.-cd ttr.1111ic prnJucLs. which includes !he value of 
nort-(."'Cr.Ullic l.-omponenls ( 41 ). In that tolal. about SJ.2 
billion can be allributcd lo ela'1nlrlil.-S l.-cr.lmil."'i. 11tcsc 
fig~ \.-an be further evaluated using the tonnage sales 

Jata given in table IV.51. In 1991. the relati\·c imp.lf
lart\."C of market scgmcnL-. •-ere: dcctmnic'.\. KS. 7 per 
l."Cfll; l."lllling tools. 7 .2 per l."Cnl; and other>. 4.1 per l."Clll. 
Rcganfing the regi,lrl'11 ~akdown. table IV .52 shows 
that out of a 101al for lhat gmup of 12.200 tonnes in 
1991. the major soun.-es were Jap;an with 48.3 per \."Clll. 
U:titcd Stales wilh 36.8 per \."Clll and Europe v.ith 12 per 
l."Cnl. While table IV.51 fcalurcs only a limitro ~ak
down by prndlk.'1. it dots rencct the major share of dcc
lmni\.-S \."Cralllil."S. 

Pf'll_nn~rs. Most of the advOUK."Cd and hiJ,!h-perftlfm
anl.-C polymcr.i have been available for less than two 
dc.~Ollb. but some of the general-purpose enginttring 
resin_-. were pul on the market more than ::!() years ago. 
and in the case of polyamidcs (nylons) nearly 50 years 
ago. About 25 per \."Cnl of advatk."Cd polymns arc '-·on-

Table IV .SI. World .._llCClll ccnaics ales by PftJll.ct. 1977, 1916 ... 1991 
(Tonnes) 
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i'crcc1uagc Perccn1agc sllarc 
change 

Pmclucl t977 19116 199(!.' t986· 199t 1986 1991 

Elccuonics Ill 4 808 10 820 125.0 18.9 U.7 

Cuning 1ools SI 433 ass UM.4 8.0 7.2 

fkai engines 

01ber 34 167 329 97.0 3.1 4.1 

TOTAL 90S S 408 12 084 125.6 100.0 100.0 

Sourer. Office oCTechnology Assessmen1 • .Ad\1111Cnl /tlatmau by Daip (Wasbingroo. D.C.. 
Gover11men1 Prinling Office. 1988). 
~: Totals in rabies IV.SI and IV.S:! do nol coincide because oC the approximate 

na1urc oC rhe rcpor1ed daia. each 101allcd scpara1cly. 
!l Es1ima1es. 

Table iV.52. Werld ad9allml a.-ks uln "1 ....... ud ca.airy, Jm, I•_. l"I 
(Tonnes) 

Percen1age Perccn1age share 
Region change 

and country 1977 1986 199111 t986-1991 1986 1991 

Japan 398 2S87 s 900 128.1 47.8 48.3 

t.;nilcd S1arcs 362 2024 .. soo 122.3 37.4 36.8 

Wu1ern Europc2' 127 662 I 470 122.0 12.2 12.0 
Germanr' 42 2S4 sso 116.S 4.7 7.S 
t.:ni1ed Kingdom 38 167 390 17S.6 3.0 3.2 
France 32 ISi 33S 121.8 2.8 2.7 
Or her IS 90 19S 116.7 1.7 1.6 

Canada 10 72 170 136.1 1.S 1.6 

01her 8 63 160 160.0 I.I 1.3 

TOTAi. 90S S408 12100 12S.6 100.0 100.0 

.'iOUTCt: Office o( Technology AllCNmenr. Adv01t<td Ma«rials by Dnill" (Washing1on. D.C .. 
Governmen1 Prin1ing Office, 1988). 

al F.sr1ma1u. 
Ill Percentage shares arc 101al1 for Wcslcrn Europe. 
sf Dal• ror 1977 and 1986 cover only :he rormer Federal Republic of Germany. 



sulnl:'J in da.1rk:al anJ dn1mnic ;aprlication"i. U"illally in 
'-'"oll\·C'ntional cin:uit '""lmtpnnC'nb. 111o·hC're thC'ir in-.ulatinJ!! 
anJ an1k:om1Si\C' pnlpC'rliC'S anJ thC'ir Jin'IC'll.,innal "ilahil .. 
ity ~ \"alwblC' .. In SU\.'"h u~. thC'y IC'OJ to l'C'pl:M.'"C' olda 
pol}nters ..uch a.'I thC' phC'nolic-.. M&l .. fillC'J varidics MC 

u..nl fur C'~1nmiagllC'lic intC'ffel'C'lll..'"C'. shielding in 
htML'>ings for '-"l111tpultt!'. anJ nthC'r SCO.'>itive e~1mnic 
t.kvicC'S .. The tran."iport;alicm inJu"ilry .il\."\."llUnls for ne;arly 
25 ~ '-'"C'nl of the- adv311'---cl pulyniers. employing thC'm 
a.-. small- to nteJium-sir.eJ structural. nt«hanic;al anJ 
da.'"lrk.--.al part_"i.. Fmm thelc U."iCS. ;aJva111..-C'J polymers 
h;a\·C' tC'llJC'J tn Jispl.il\.'"C' mct;als anJ other polymers. The 
remaining 50 pC'r cml of application."' can be founJ in a 
vtty wide varidy of product-.. ranging fmm plumbing 
anJ buildas hardware to htllllC applia111..n. videot~ 
anJ photographic films .. 

Only sparse Jata MC available '-'"OllCeming world sales 
anJ consumption of the aJva111..-C'J or mginttring pla."ilil.-s. 
Table IV.53 provides estimates of world consumption in 
1986 for lhc regions of major dcmanJ .. The world total is 
1 .. 5 million tonnes; of this. United States Oll."CttuntC'J for 
37 .. 1 pcr cmt. Western Eun>pe for 34 .. 8 pC'f cmt. Japan 
for 17 .. 4 pcr '-""Cnt anJ the rest of the world for 11 pC'f '-'"Cllt .. 
T:ablc IV.54 provides consumption dtta lor the narrower 
gmup of SpC'Cialty plastK.--s .. 

C11mp11sitt-s.. The '-""{1n."ilruction of mosl composites 
dcpC'nd"i on the combination of different kind" of fibres 
with different minerals or materials. a.oi; indicated above .. 
Table IV.55 features estimates of thC' world market for 
five typC'S of fibres u.~ in the con..,.troction of compos
ites: carbon. ar.imid. HS-gla.oi;,.oi;. ceramic ar.d others .. Car
bon fibres and the aramid polymer fibre (Kcvlar-typc) 
occupy 90 per cent of the $793 million market; t~ arc 
used in aircraft. appliances. con'ltnk.'"tion. cla.1rical. ma
rine anJ con..oi;umc:r products. anJ land transportation .. 

( cJ TN ~rtlt6-in., Unpr1'f111K'"t' •f 0""1"1site tndrUl.s 

Poly111C'r matrill. c1xnpos1tcs are '-'"ombinations of m;i

trill. materials .. fomteJ by pnlymcriration of ;m org;mic 
~in anJ ~infon.~ncnl of fibres into a variety or pat
terns and weaves or fibres .. ~lly. only l."l>nlinuous
filn-l'C'infon.-C'J polymers are '--unskk.-ml engintt~ 

polymen. Ad\'illll.-ed polymers are low-volume. high
l."llSl materials that rcqui~ spccialir.rd pnll."CS.\ing tedt
niqucs .. They can also be scparatnl into lwo groups: rc
infon.-C'J polymer materials anJ pdymer matrill. l-"l>mpos
itcs.. Reinfon.-C'J polymer material-; are single polymers .. 
t."t1polymers .. blends or alloys .. Their '-'"Ofl'lmon feature i-. 
homogmcity; there is no other material within the poly
mer system ell.cept for the fibre added as rcinfon.-cmcnt .. 
Polymer matrill. composites are advanced polymers rein
forced with two or more short or continuous fibre types 
and single or commingled polymer matrill. materials .. 1be 
fibres are typically high-strength glass (HS-gla.oi;,."i). car
bon fibres. boron. ccnmic. aramid or other organic fi
bres .. 

The value of advanced polymer-matrill.-composilc 
components produced in Japan. Weskm Europe and 
United States in 1985 was $2 .. 1 billion .. United SlalCS and 
European marl& are dominated by aerospace applica
tions. While in the United States. the driving forces are 
military and space programmes, in Western Europe lhe 
major innucncc is commercial aircraft applications.. In 
contr.a..oi;t, the Japanese market is dominalcd by sports 
equipment applications .. 

CommercialiT.atioo or advanced polymer matrill. com
posites is an area in which the United States remains 
vulnerable to competition from abr<>ad.. United Sta~es 
suppliers of polymer matrill. composite rmtcrials report 
lhat foreign commercial Mld-u..oi;crs (particularly those 
outside the aerospace industry) arc more active in ell.pcri-

Table IV .5l. World -•plillll al caci-ria& plutics, 191611 
(Thousand tonnes) 

Western United Rcsiol World 
flcm F.uropc S1a1es Japan lhc world World pcrccn1a1c share 

Polyamidc 27S 200 100 7S 6SO 43.4 

Polyca;'1ona1c (PC) 90 140 so 40 320 21.4 

Polyacc1al 68 so 70 22 2JO 14.0 

Phcnylcnc polyo1idc 30 BS 20 JS ISO J0.0 

Polybu1hylcnc1crcph1hala1c ( PBT) 2~ 4S 10 JO 90 6.0 

Pclycr h ylcnc le rcph 1 ha la le 
(mould1n&) 8 IS 2 25 1.1 

PC/AR~ 20 IS 3 2 40 2.7 

PC/PRT s s JO 0.1 

TOTAL S21 SSS 2SS J64 J 49S JOO.O 

StHlru: Bureau of Mi11n, TM N'"1 Matmals Sociny (Wasllin11on, D.C., Government Prinlin& Office, 
J99J). 

al 1!11ima1cs. 
!II Arryloniirilc· bu1ad1cne ·sryrene. 
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Tallllk IV.54. World_..,..,. al'lpcciahJ plMtim. 1916 
(Thousand tonnes) 

Speciality Wes1crn l:nilcd Rcs1 ol World 
plaslics Ea rope Stales Japan lbc world World pcrrcntagc sbare 

Polyvinyl difluoridc 2.0 S.O 2.0 1-0 10.0 12.2 

Fluoroclastomcrs l..S 3.0 o_s s.o 6.1 

Polypbcnylcnc sulphide 1-0 a.o l.:l o.s 10...S lZ.B 

Polysalpbonc 1.3 s.o l..S 0.2 a.o 10.0 

Polyether sulpbonc 0.7 2.0 0.2 0.1 3.0 3.6 

Polyarylatc 0.1 0.1 1.3 1...5 l.8 

Polyimidc (inc:ludia& film) o.s 1-0 0.2 0.3 2.0 2.4 

Polyamidc· imidc 0.2 0.2 0.1 o.s 0.6 

Polyctbcretbcrkc1oac 0.1 0.1 0.1 0.3 0.4 

Polyc1bcrimidc 0.2 0.3 0.1 0.6 0.7 

Olbcr 10.S 21.6 4.B 3_9 40.B 49.6 

TOTAL 18.1 46.3 11.8 6.0 82.2 100.0 

Souter. Bureau ol Mines, T1w Nor Maltrials Sociny (Wasbia11on, D.C., Govcramc111 PrintiaJ OfftCC, 

1991). 

TabklV.SS. World .. r11c1 b raw aatcrial ('dMa ...a ill compolita, 1990 
(Millioo dollars) 

Polymer Metal matrix Percentase 
Fibre type composites composites Mixed modell Total share 

Carbon .530 !II 7 .537 67.6 

Ara mid 160 25 18.S 23.3 

HS·&lasa 2S 2S 3.1 

Ceramic 20 3 23 2.9 

Otber 2S sl sl 25 3.1 

TOTAL 760 3 32 79.S 100.0 

Soun:~: Bureau of Mines, TM N- Maurials Sociny (Wasbinglon, D.C., Government 
Prin1ing Office, 1991). 
JI Including carbon·carbon and umour rabric uses. 
111 Jncludingboron, ullra·bigh· molccular-weighl polyethylene, andotherpolymer fibres. 
s1 Minor. 

menting with new materials than are United Stales com
mercial end·u~rs. Currently, less than 2 per cent of 
polymer matrix composites are advanced composites of 
the types used in aircraft and aerospace applications. 
However, United States production of advanced polymer 
malriit composites is projected lo grow by IS per cent 
annually for the remainder of the decade, increai1ing 
from a 1985 value of S 1.4 billion to nearly S 12 billion by 
the year 2000. The industry continues to be driven by 
aerospace markets, with defence applications projected 
to grow even more over the next several years. 
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France is the dominant producer of polymer matrix 
composites in Western Europe, selling more than all 
other European countries combined. The United King· 
dom, Germany and Italy are also important. The com
mercial aircraft manufacturer Airbus lnduslrie, a consor
tium of European companies, is the single largest c<'n
sumer of polymer malriit composites. At the European 
Community level, significant eitpenditures are being 
made lo facilitate the introduction of polymer matrix 
compoi1ites into commercial applications through the 
BRITE and EURAM programmes. In addition, the 



EUREKA progr.mune. '"C3lllt3t 20lXr. h3s pmposcd 
spending $60 million over four ye3f'S to develop poly
mer-m:itrix-composite :iutomobile slnl\:turcs. 

Carbon-carbon '-·omposites differ fmm carbon-fibrc
reinfOfl-cd polymer matrix materials which ulilize the 
fibre·s high-tensile strenglh and high stiffness for many 
mom-temperature applic:itions. For ex:impk. carbon fi
bre is used for golf dub shaft-;. lennis rackets. fishing 
rods in the sporting goods industry. 3.lld for pipe and 
concrete reinfon.""Cment in the '-"Onstru'--tion industry. In 
contrast. carbon-carbon composites arc used principally 
in :ieros()3'--e and defen'-"C industries for :ipplicatioo'> such 
:is :Urcraft brake path. mcket no1.zles anti missile nosc
'-·ones; only :i small fraction is used in sports equipment. 
The estimalcJ worldwide market in 1990 for carbon-car
bon '-"Omposites was $202 million in four major applica
tion..'>: aircraft brakes ($50 million); mckel nonles CS70 
million); nose tips/ablatives ($66 million); and others 
($16 million). Overall. the United Slates represents 75 
per cent of the worldwide carbon-carbon composite 
market. primarily due to its dominance in military and 
aemspace technology. Western Europe and Japan ac
count for the rerll3ining 25 per cent of the market 

Metal matrix comp.>sites are metals or melal alloys 
reinforced with ceramic fibres. whiske.s or particulates. 
Due to their superior mechanical strenglh and unique 
physical characteristics. such as low thenr.al expansion. 
melal malrix composites can be found in struclural and 
non-structural componenls alike. They combine metallic 
properties (ductility and toughness) with ceramic proper
ties (high-temperature strength and high modules). thus 
offering greater strength in shear and compression a'> 
well a-; higher service temperalure capahililies. The prin
cipal markets for melal-malrix-composile ma:erials in 
lhe United Stales and Weslern Europe are in lhe defence 
and aerospace sectors. The struclures of lhe Uni!ed Slates 
and European metal-malrix-composite industries are 
similar. wilh small. undercapilali1ed finns supplying the 
fonnulaled melal-malrix-composile malerials. Currently. 
lhe malrix is supplied by large aluminium companies. 
which are considering inlegralion inlo the field of com
posile materials. There are also in-house efforts by major 
aircraft companies to develop new composiles and new 
processing melhods. Many analysls fl"el lhat the integra· 
tion of metal-matrix-composite suppliers with larger con
cerns having access to more capital and research will he 
a critical step in producing reliable. low-cost metal ma
trix composites that could be used in large-volume com
mercial applications. 

Unlike the situation in the lJni1ed States and Western 
Europe, companies involved in the manufacture of metal 
matrix composites in Japan are largely lhe same as those 
involved in the supply of polymer matrix composites and 
ceramics. lhal is, the large. integrated materials compa
nies_ Anotlier difference is that Japanese metal-matrix
composite producers focus prim;irily on commercial ap· 
plications. including electronin. automobiles, aircraft 
and aerospace. One !loteworthy Japanese development 
is Toyota's introduction of a metal-matrix-composite 
diesel-engine piston consisting of aluminium locally 
reinfon:ed wilh ceramic lihres. 

The t:slimated global market in 1990 for melal matrix 
composites was $60 million in four major applications: 
automotive ($1 S.6 million); aerospace ($42 million); rec· 
reation ($1.2 million); and others ($1.2 million). Tho: 
United States accounts for 60 per cent of the worldwide 

manet value because of the high cost of prolotype nl3-
terials used by lhe aemsp;k"C industry. The Japanese 
share is only 20 per L-Cnl. It is estimat~ thal the a\·erage 
L''OSt of metal-matriX-\."llmposites for aemspace applica
tions is 10 tin~ higher than the cost of automoti,·e and 
other applications. Japan is the leaJing '-"l>nsunter of au
lnrnoti\·e melal-matrix-composite L"Omponents. m:Unly 
be.:ause of its production or met;ll-malrix-\."Oltlposile en
gine pistons_ 

Ceramic matrix composites are producnl by aJJing 
particulates. whiskers or fibres lo a ceramic matrix. Ce
ramic matrix L"l>mposites ha,-e high fracture toughness 
and impm,-ed mechanical shock resistam."C L·ompared lo 
monolithic cerami'--s. But unlike polymer matrix compos
ites. ceramic matrix composites are still at the embryonic 
stage. Their development is severely hampered by inaJ
equate fabrication techniques_ Lower fracture toughness 
of ceramic malrix composites compared with metal ma
trix composites further limils their apfllication as struc
tural components. Currently. ceramic matrix composites 
find rll3jor applications in cutting tools. wear-resistanl 
components and. to a lesser extent. aerospace :ind de
fence techm•logies. The wurlJwide market for advanced 
ceramics ha-; been estimated to be $13.6 billion; of this. 
between I and 3 per cent is for ceramic matrix compos
ites. Most of the latter composites are used in ceramic 
whisker cutting-tool bits in the machine tool industry and 
in making aluminium beverage containers for the can
ning industry. 

2. Mal~rials substitution paa~rns 

An examination of the rates at which advanced mate
rials are substituted for minerals and agricultural raw 
materials could provide insights into the present and fu. 
lure growth of ad\·anced materials con~umption. Impor
tant factors underlying this substitution process include 
qualily (performance). technology (design) and econom
ics (relati\·ely lower prices and costs) (421-

(a) Quality 

Superior pcrfom1ance properties rather than lower 
materials costs appear to he the principal consideration in 
the early stages of substitution. If the cost of a new 
material eventually becomes competitive as production 
volumes increase, the substitution proce~s will be diffi
cult to reverse. Thus, it may often he too lale for conven
tional producers to react to competition from a new 
material that has already eroded !heir market share. 

( h) r,·d1nolo1ff 

While the inherent properties of basic materials are 
important in substitution, other factors also mailer. First, 
new materials must have a "proven track record'", that is, 
lirms are reluctant to incorporate a new material into 
their product until the performance record of the material 
in other uses has proved its reliability. Thus, superior 
performance in lalloratory testing could involve years or 
even decades (as in aerospace applications where risks 
are high), before a new plastic is accepted a~ a substitute 
for a metal proven reliable hy long use. Hesitancy 111 
introduce a new material aiso results if a potential user is 
nol aware of its advantages, lacks assemhly line experi· 
ence with it, m- incurs high retooling costs hy converting 
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lo 1hc material. ~ cauliou-. -Wail-;anJ-Stt- slalk.--e is an 
alliluJc lhill fanMll'i \.·onvrnlional n101terial" alrcaJv in 
place. This (Wnon~lklll ha." bttn own-al rct?ani~ or 
whclher the new u~ or the malerial in qixstinn ,..a .. for 
high·tfiilnoln[?) ant1"pan~ parts or for nll1lll1tlll plumb
in~ fouurcs m lhc bui:Jmg lr.llle. 

I c J f.i:onomio 

11le only rele\·an1 01"1 \."llll,iJcration in n•.1.-rial' 'ub
slltulion loJa~· i' the .. lotal fl'Kk.agc \.'ll,c_ which indtllb 
not only lhc pn...·c or the m;uerial i1sclf. hul also all olhcr 
n•sl"> inn•h·cJ in u'ing the material In manuracturc a 
pmJuct. for ellample. lahour. While many new materials 
arc pri\.-al higher lhan the \."llll\·er.tional materials they 
displace. the.c new malerials may he prde,RJ because 
1hcy offer the npportunily 10 rcJuce nunufacluring costs 
..uHiciently to offset their hi~her prices. For e!lampk. a 
one-piece pla.,lic unit that replaces an ilem huilt from 
several parts could rcJuce a.">semhly cost... Ra:ause total 
fl'Kka~e co''' arc so imoortant. nutcrials pmduc~ now 
musl work do-.cly wiih parts Jc,ignef'> and other 111'1nu
facturing system specialists to Jcvclop a pmJU\.'1 that is 
competili\·e. 

( JJ Jfoteric1/.f Ji.tpfc1c.-mr•nt 

Major implications of the ahm·e subslitution factors 
arc not only an impmvement in product performance. hut 
also tfte somewhat Jetrimental effect of lhe Ji">placement 
or ccmventional mineral and raw material commodities 
1431. An example of thi" Ji,.placement i" pmvidal in 
tahle IV .56 which estimate .. the C!ltent of 'iUbstitutinn or 
advanced polymer" for other material' in the United 
States. Pla.,ucs have 11101Je the stmnge't cnmpetiti\·e ad
vances or all materials against ~tals anJ glass in many 
markets. and will continue to Jo so in the 1990s. Caku
lalions undt-rlying table IV 56 indic:ilc that al lea.">t 25 per 
cent of all plastic"> and resins domestically produced 
compete directly with mineral materials. These computa
tions Jo not include those market!> where plastics com
pete with so many other materials in addition to non-fuel 
minerals that displacement or the laller could not he 
measured with sufficient preci.,ion. Ir those markets were 
added to the estimates or plastic consumption. the total 
would probably indicate that well over 35 per cent of 
United States plastics production compeles with metal 
and non-metal minerals. 

As suggested by table IV .56, the 1990s will he a pc· 
riod of more intense competition between metal" and 
polymers 141 I. Steel and aluminium are the major metals 
most likely to he affected. Polymer materials ha\·e al
ready replaced some 7 to 9 per cent or steel con,;umed in 
domestic motor vehicle production and may displace 
more than twice that amount by the year 2fMIO. In the 
construction industry, it is estimated that polymers have 
replaced slightly less than 10 per cent of the iron and 
steel consumed, and by 1995 could displace up to 13 per 
cent In aerospace applications, polymer composites are 
displacing aluminium utili1.ed for the "skin" of many 
new military aircraft, and are eitpected to make large 
inroads in passenger airliner manufacturing during the 
next decade. Composites currently account for less than 
3 per cent of passenger airframe weight. hut are forecast 
to account for as much as M per cent during the 1990s. 
As a r~sult, the proportion of passenger airframe weight 
composed of aluminium may decrease from the current 
HO per cent to as little as 20 per cent by the year 2!M)(). 
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T~ IV.56. F_.'lh el -..1&4 ~-- ef ... URCI 
plmtir -ni8b ia a.~...- l'ailord s. .. n UMlio..trin, 

1915,. 19'1. lt9S ...e ?ll9l-
----- ----- ------

""'•·~' -.c:i: ... ·k" 
'.\tccl J11>J1l~\.-cJ b~ pl.a'\h~1. 

\t1llaN1 >l'll~t h.)811<~ 

Pcrccnt.1sc 

l'.a"wn~r .11r!u1cr~ 

I J I!-!~ 

7·'1 

·"'lumannam: Ju.rt..,·cJ b~ r-11,. mer 

L'Mllpt\MlCS 

l 1tout.1AJ ~~I 1"8ftCS OS 
Pt:ra111.1sc-

Bu1:J1n& i1nd cua~c:ructlOft'-
Iron and s.rccl Jaspb<itJ. 

b~ pl~s.~tCS. 

\ttlla>e s.~«I toeacs !S 
Pcr,·l'nt.aic 'I 

Alum1Anllft ..taSpbc.·c-J b .. pl.1s.11~s. 

l ll .. l'UwllJ ~lh)( r I.Nines. 37 

P.1c .. .a11nc ( bollhD' .llfttf C.l'°'IUft&) 

lib" d~pbn:d by pluucs 
\4'.dl"~ 4t'lll.1rs. 

\.Cct.1.I (ah1m,cuum .And :.tccl) 

.s~ri.1cc:.s by pb""'' 
\C11iM>A dolbr~ .!~l 

lkav) cn.acb1ncry and cqu1pmcnr 
\Cc:1.11 displaced by pl.1•hn 
[llou~ad short hMl.nc:. 700 100 
Pcrccni:1:1c s s 

~ l·I> I 

IO·ll 

! 7. 7 3 
I· 19 

.& 0-11.0 
!0-60 

Soun:< R •. B.1l.1uk .1n.! B W Kkon. TM ,,,.,,..., of A4·•-"<J .\luoaoll 
.tl...VU (IAinll1ng1on. I> C. Hurc:.1u o( Monn. 1'117) 

l l>iau arc Rl>& ..:umulat1"c 
l l:S,hm31C:i 
i. 1:.1.th1J1nc m1htary and pnvatc c1,.1l iaarcrar1 t·or l"IS. 1I 1:ic,hma1c4 

lh,u over ?3.000 :.bon tonne' of alu.muuum were d11-rl.Accd by plai1sc 
compo,,:ci an rhc cnhrc acru'r~cc 1nJv,uy 

11. l>1i.pbccmcn1 1n pipe:. h1bc. i1J1n1 anJ •1nJow mari..cu.. 

J. International trade 

The increased domestic production and con.,umption 
of advanced materials affects two important area." or in
ternational trade: trade and transrer of technology; and 
trade in conventional materials or primary commodities. 
Growing markets in advanced materials are associated 
with a shirt in the competitive position or different coun
tries producmg high-technology products and other 
manufactured goods. There is aho evidence or a link 
between technological performance and trade competi
tiveness, although the si1.e and scale of countries as well 
as their level of de,·elopmcnt affects this relationship. 
While the United States was once dominant in technol
ogy. Western Europe and Japan have narrowed the lead. 
Aided by the acquisition or imported technological 
know-how as well as their own efforts. the NICs have 
become increasingly competitive technologically. How
ever, in the trade in advanced materials and processes. a 
technology gap does exist hetween developed and devel
oping countries. 

The medium- and long-tem1 implications of the gap 
are not at present known. However, it can he witnessed 
in the above explanation of the increased suhstitution of 
advanced materials for conventional minerals and raw 
materials. Since a large portion of these conventional 
materials originate in developing countries, the previ
ously high export volumes and revenues of those coun-



trin \.'"tJUld be redU\.'"\:d. An example of such a dttn:a.sc 
can be sttn in the suhstitulitm of fibre optit.· calile for 
Cllf>lltt v;irc 1.i:n Because of the nxent diffusitm of libn: 
optic technology in puhli\'.' telecmnmunications and in 
other information tr.msfer nclworks. llemand for copper 
in in.-.ulatcd v;in: and cable is being iocn:a.-.ingly salislicd 
by aJ,,·Oln\.'"\:d gla.-.s-libn: \.·omposiles. Some aJ\"antages of 
this substilulion indude: large hand width allowing 
many voil."e channel~: Low loss of fn:qUt"ncy power: 
technological superiority for digilal tr.msmission: up
gr.ubbili1y to higher wa\·e length.-.; small si1e. lighl 
~-eight anJ small cable diameter: no electnlmagnctic ra
dio-f "'llueocy interkn:nce. or nos.stalk: {!n:ater difficul
ties of -eavesdmpping·· or ·1apping .. without a high de
gree of skill: lack of conduclivity. eliminating ground 
loop problems: ea.'iier instailation with fewer repealer 
'ilations and splice ... n:quiring less maintenaO\.-e; no per
formance degradalion due lo moi'ilurr. coml'iion or high 
temperalure; and rapidly dttlining production and instal
l:ititm cosls. 

Table IV.57 provides fon:ca.-.l'> of total copper con
sumption in the telecommunications industry by major 
countries and regions a.s weil a.-. the proportion of con
!>Umptilln Cllpecled to be displaced by fibre optic ta:hnol
ogy. Although telecommunications repn:scnl only a 
small portion of global copper consumption. the pro
jected copper displacement is not minor. Major develop
ing-country copper ellporters that could be affected in
clude Chile. Mcllico. Papua New Guinea. Peru. Zaire and 
Zambia. 

The abln-e Cllample reflects similar substitution find
ings for aluminium. imn ore and other minerals (43). 
This lends further confinnation to the "transmate
riali1.ation" pmcess. that is. a reduction in the demand for 
pmducts of more raw-material-intensive industries due to 
an increa...ed 11sc of special minerals and ad\·anced mate
rials 140). The acceleration of transmateriali1.alion may 
mean that even as ~orld economic growth reccwers. 
demand for major raw materials. particularly by de\·el
opcd countries, may not resume pre-recession levels. 
This would have far-reaching implications on the Cllport 

pcrforman\.-e of de\·eloping countries whose foreign ex
change earnings depend. tn a large extent. tm the exports 
of a few r.iw material'.'>. As will be explained later. sev
eral de\·eloping countries and gmups of c•mnlries ha\·e 
reacted against pos.-.ible ad\·erse effects of technological 
change tm their exports of raw materials by selling up 
programmes for the dewlopmenl of new domestic and 
foreign end-uses for commodities of export interest to 
them I.WI. 

Apart fmm the effect of transm3teriali1.ati1m on trade. 
the diffu-.ion nf new materials technologies wtmld accel
erate technological change and increa...e obsolesceO\.-e of 
existing materials pmcessing techniques. This explain.'i 
why in the face of declining material'> consumption. 
growing twercapacity and ma.'>sive closures of conven
tional materials industries in de\·elopcd countries. new 
plants continue 10 be built to iocrea.<1e the competitive· 
ness of their products on world markets. A good example 
of this is the expansion of higher-value-aJded steel 
manufacturing and alloy mini-mills in Japan, the United 
Kingdom and the United States. 

4. Manufacturing capacity of d~F~loping counlrin 

The main challenge de\·elnping countrie'i face is not 

simply that of ellpcriencing the ablwc suggested dttlinc 
in traditional materials. The pmdoction capacity now in 
place. which is very hea\·y. horimnlally designed and 
planned to produce. transport and comrncrciali1.e huge 
amtmnts of raw materials and processed good'>, shows a 
tendency of becomint? obsolete. Such capacity will be 
superseded by new capacity which is more efficient a.'> 
well a.'i more capable of producing goods which embody 
greater amounts of technological innovation. The pa.'>· 
sage from the first stage lo the second will not be easy. 
as far a.'i de\"cloping countries arc concerned. The ha.sic 
endowments of these countries. such as abundant raw 
materials. cheap labour and energy. arc not as important 
as technological know-how. Moreover. as new materials 
technologies increasingly rely on more complex and so-

Tabk JV.57. Forensas of copper toftSllmption and fibn opcic dispa.-n1 
ia lcla.-om111aaicalioas, 1994. 1'97 and 2300 

(Thousands of 1onnes; pcrccn1agc) 

Region or counlry 1994 1997 2000 Region or coun1ry 1994 1997 2000 

Fr1ncc lJni1cd Kingdom 
Consump1ion 46.7 47.2 47.8 Consumplion 30.9 31.3 31.7 
Displ1ccmcn1 59.S 67.0 73.1 Displace men I 60.S 67.S 73 2 

Germany United States 
Consump1ion 82.1 83.1 84.1 Consumption 220.0 226.S 289.0 
Displacemenl 60.4 67.8 73.8 Displacemenl 62.9 67.3 73.2 

llaly EEC 
Consump1ion 86.6 87.6 88.7 Consumption 282.2 28.S . .S 289.0 
Displacement 60.0 67.3 73.2 Displacement 60.0 67.3 73.2 

Japan World 
Consumption I.SC. I I.SH ltiS.I Consumption 927.9 973.2 I 020.6 
Di1placement 6.S.S 72.6 78.1 Di1pl1cement 61.6 68.9 74.8 

Sowct: M. J. H1nnon and W.C. Labys, ·Measuring Maleriai Subslilullon· in PofH'S and Procttdingf of 1111 
Amtricon Mining Socitty (Li11le1on, Colorado, Society or Minin, Engineers. 1990), pp. 70·90. 

Nott: Consumplion is in thousands or 1onne1, and di1placemen1 in pcrcen111u. 
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phisticated knowledge. necessary efforts to develop ;md 
absorb such technologies will be subsl3ntially aug
mented. 

There is eviJeoce that developing countries are accept
ing this challenge (..WJ. Materials science and technology 
institutions are evol\·ing from and an: integrating in areas 
of applied chemistry. geology. mining. metallurgy and 
ceramics. Materials advisory boanis and commission.s. 
using quantitati\·e and norrnati\·e foreca.,.ting and assess
ment techniques. are emerging as institutional mecha
nisms to pnwide direction to materials research and pro
duction and to technology transfer. This pnx."Css is 
prompting developing countries to develop a coherent 
long-term str.itegy for materials and a capability to par
ticipate in the evolution of international materials policy. 
Such policies would cover imports and exports of raw 
materials or finished materials. stockpiling. materials 
substitution. international trade. research and develop
ment. production. standards. distribution. pricing. conser
vation and recycling of materials. In addition to national 
materials policy. regional and local materials policie.• arc 
being expanded to complement international, national 
and regional resources and needs. 

As an ex.imple of this phenomenon. the Ministry of 
Sciences and Technology of Brazil created a commission 
in 1986 to establish a national materials programme. 
Such a programme wa." justified because of Brazil'~ ~x
tensivc mineral rescn·es. including quartz (95 pe• cent of 
known reserves). niobium (86 per cent). titanium. beryl
lium. rare earths and others. In addition. some scientific 
and technological capabilities already exist in Brazilian 
universities and research centres; the Brazilian market is 
also likely to be one of the most promising for high
technology products [441. The programme defines the 
achievement of four main targets: a considerable expan
sion of human resources by increa.,.ing the number of 
scholarships in the country and abroad; con~olidation of 
the research and development infrastructure; establish
ment of immediate opportunities both in research ard 
development; and the setting-up of productive units. 

These are only initial activities which can be rein
forced by llthcr mechanisms and the establishment of 
long-term strategics. Such strategics. of course. should 
be coupled with broader industrial and trade policies. 
Similar progress in other regions can be found in India. 
Republic of Korea and Thailand. including the develop
ment of an Asian and Pacific Regional Centre for Ad
vanced Materials (451. As per capita incomes rise in 
developing countries. there is no doubt that their conven
tional minerals and materials consumption will increase. 
However. the increase in technological innovation in all 
sectors of industry suggests that greater use will be made 
of advanced materials. To meet this need. manufactur
ing capacity in these advanced products will probably 
expand. 

5. Technology and industry structure 

Advanced materials technologies are hecoming mark
edly more international in character (~81. Through acqui
sitions, joint ventures and licensing agreements. firms are 
seeking access to growing world markets as well as ways 
of lowering their production costs. Governments around 
the world arc investing large sums in muhi-ycar pro
grammes in cnllahoralion with industry lo fac1li1atc com
mercial dcvclopmenl. and critical technological advances 

21{) 

continue to come from a number of countries. for exam
ple. carbon fibre technology from the United KingJom 
and Japan. composite technology from the United States. 
weaving technology from France. and hot-isostatic
prcssing technology from Sweden. Se"·eral global trends 
are apparent in evolving advanc.-ed-materials industries. 
These include a shift towards larger. more integrated 
companies. the growing transnational ch:uactcr of these 
companies. and increasing go,,·cmmcnt support for the 
development of advanced materials technologies. 

In the long run. large integrated materials companies 
are likely to dominate the high-volume markets for ad
vanced materials. One rcawn is that capital cosL" of 
scale-up production arc higher than most small comp:a
nics can afford. Also. the close relationships between 
design. manufacturing and quality control demanded by 
advanced materials are more consistent with the capabili
ties of a large. vertically integrated company. 8'1:ause 
most of the value added in advanced materials businesses 
lies in the production of components and shapes. there is 
an economic incentive for suppliers of powders. resins or 
fibres to integrate vcnically into the downstream busi
nesses. 

Nevertheless. small companies will also be an impor
tant force in advanced-materials technology develop
ments. Indeed. because current demand is primarily for 
research services or limited production of specialty ma
terials for military use. small companies arc playing a 
major role in advanced materials development, especially 
in the area of metal matrix composites. Even among the 
large companies involved. their advanced materials divi
sions arc typically on a very small scale. In future, small 
companies will continue to be a source of innovative 
materials and proccsse~. and will continue to supply 
niche markets small enough to attract the large integrated 
companies. Table IV.58 lists the major companies in
"·olvcd in the production of advanced materials. 

(a) Ceramics 

The most important United States participants in the 
advanced ceramics industry tend to be medium- or largc
sizcd corporations that have experience with traditional 
ceramics or that arc diversifying from other structural 
materials areas. These include Norton Company. Cham
pion Spark Plug. Standard Oil Engineered Materials. 
Coors Ceramics. GTE and Alcoa. Major United States 
companies that m~nufacture structural ceramics product~ 
are listed in table IV.58. Most of these products arc wear 
parts. refractories, cutting tools or military items such a~ 
armour and radomcs. 

Japan has been the leader in the production of struc
tural ceramic products for boih industrial and consumer 
use. Japanese consumers exhibit a commitment to use 
domestically produced materials. Although the Govern
ments of Japar: and the United Stales spend comparable 
amounts on ceramics research and development (roughly 
$100 million annually). the total spent by Japan far ex
ceeds that of the United Stales. Among the many Japa
nese companies panicipaling in lhc advanced ceramirs 
industry arc roughly 100 powder suppliers, 250 suppliers 
of finished components and 150 equipment suppliers. 
Tahle JV.~8 also lists the major manufacturers of fin
ished ceramics components. Recent entrants into this 
field include steel. cement and petrochemical comj.l:mics. 
Japanese ceramics companies are far more vcnically and 



Tabk: IV .51.. Major -paaica ill U.C wmtd c:eraaics illdutry, 1916 

Structural ceramics 

United States 
Advanced Refractories Tec-hnologics 
Alcoa 
C.eradyne 
Champion Spark Plug Company 
Coors Ceramics Company 
Corning Glass Works 
EJ. Du Pont de Nemours and Company 
GTE Products Corporation 
W.R. Grace and Company 
Kennametal, Incorporated 
Norton Company 

Finished ceramics 

Japan 
Asahi Glass 
Au.hi Optical 
Figaro Engineering 
Hitachi 
Hitachi Chemical Ceramics 
Hitachi Metals 
Kola's Metals 
Konnsha Insulators 
Kurosaki Re-factories 
Kyocera 

Standard Oil Engin«red Material$ Company 
Solar Turbines, Incorporated 

Matsushita Electronic Components 
Mitsubis!ti Heavy Industries 
Mitsubishi Metals 

JM Company 
Union Carbide Corporation 

Europe 
Ccramiques et composites (France) 
Cookson (United Kingdom) 
Dcsmarques (France) 
ESK Spark Plug Company (Germany) 
Feldmuehle (Germany) 
Friedrichsfeld (Germany) 
Haldenwanger (Germany) 
Hoecbst-Ceram Tech (Germany) 
Hutschenreuter (Germany) 
Norton (Germany) 
Soc:icte europeene propul5ion (France) 
Stenmer (Germany) 

NGK lnsulaiors 
NGK Spark Plug 
Narumi China 
Nippon Denso 
Nippon Tungsten 
Nori take 
Shinagawa Refractories 
Showa Denko 
Sumitomo Electric 
Toshiba Ceramics 
Toshiba Tugaloy 

Sourc~: Office of Technology Assessment, Advanc~d Maurials by Design (Washington, 
D.C., Government Printing Office, 1988). 

horizontally integrated than United States companies, a 
fact that probably enhances their ability to produce 
higher-quality ceramic parts at lower prices. 

Alcoa and ESK arc the two largest manufacturers of 
ceramic powders in Europe, accounting for about 50 per 
cent of the European merchant market. Alcoa is the lead
ing supplier of high-purity alumina, while ESK is the 
leading supplier of various grades of silicon carbide. 
Some companies, including Philips, Siemens, Norton 
and Magnesium Elektron manufacture powders for cap
tive consumption of ceramic parts, often electronic com
ponents. Manufacturers also import ceramic powders 
from Japan and the United Sl<\tes. Overall, about 40 
European ~ompaniei; manufacture ceramic parts for sale 
in the merchant market. Another do1.cn or so, mainly 
electronic companies, produce components for captive 
consumption. A modest 1rend exi11l~ among powder sup
pliers to further integrate into the production of parts. 

(b) PolyrMr matri.x composites 

The United States is the largest producer and con
sumer of advanced composite-; in the world. The struc
ture of the United States advanced composites industry is 
largely a result of its orientation towards aerospace appli
cations. Segmentation ha~ occurred largely along product 
lines (fibres, resins, prepregs and shapes). Other impor
tant industry characteristics include limited production 
volumes and a cost structure commensurate with the high 

value of the end-uses. Hercules, Hexcel, Fiberite and 
Boeing arc the most important companies in the United 
States composites industry. All produce lines reflecting 
the aerospace industry, the largest and most technoiogy
driven market segment. The United States market for 
finished composite structures in 1985 was valued at ap
proximately $1.4 billion, of which about one half wa~ 
consumed by the aerospace industry. The structure of 
this industry is fairly complex, with a significant overlap 
among the activities of individual firms. Companies such 
as Hercules, for example, produce carbon fibre, preprcgs 
and finished shapes for the merchant market, and use 
them captively as well. Table IV.59 provides a list of 
United States companies that produce base resins, 
prepregs and shapes. 

Although Japan is the largest producer cf carbon fibre 
in the world, it has been only a minor participant in the 
advanced composites industry. One rea"'<>n is that Japan 
has not developc'd a domestic aircraft industry, the major 
user of such composites. Instead, the Japanese industry 
was initiated to supply aircraft and space industries in the 
United States, while most of the Japanese domestic 
growth has been in the recreational markets. The compo
sition of the Japanese advanced composites market is 
currently: recreational, 55 per cent; industrial, 35 per 
cent; and aerospace, 10 per cent. Table IV.59 includes a 
list of major Japanese companies in the industry. 

The polymer matrix composite business in Western 
Europe is concentrated in four countries: France, 
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Tablt IV .59. Major compeaics ia tile .-Id 
po1y9er--uu-compmitca iad11&1ry, 1916 

Resin. pn:pn:g and shape suppliers 

Unilrd Suun 
American Cyanamid 
Amoco Performanc:c Products 
Avro 
BASF 
Boeing 
Ciba-Geigy 
Dow Chemic:al 
Du Pont 
Ferro 
Grumman 
Hercules 
Hcxc:cl 
HITCO 
Hysol Grafil 
ICI 
Fiberite 
Loc:khccd 
LTV 
McDonncl Douglas 
Northrop 
Phillips 66 
"ohr Industries 
Shell Chemical 
United Technologies 

fibre and pn:pn:g suppliers 

laptJll 

Asahi Glass 
Asahi Sippon Carbon 
Hitachi Chemical 
Kasei Fibcrite 
Kun:ha Chemic•d 
Mitsubishi Chemical 
Mitsubishi Rayon 
Mitsui 
Nippon Carbon 
Nittobo 
Nitto Electric 
Sakai Composite (Toray) 
Somar 
Teijin 
Toho Rayon 
Toray 
Ube 
Vacuum Metallurgical 

&aopr 
Hysol Grafil 
SoCicar 
RK Carbon Fibers 
Enka (Akzl")) 
Du Pont 
Vctrctcx 
Sociclc nationalc des poudn:s c1 cxplosiCs 
Bckacrl NV 
Sigri 
Spccmaat 
Ten Cate Glas 
American Cyanamid 
BASF 
Bristol Advanced Composites 
Ciba-Geigy 
Bonded Structures 
Brochicr er fils 
Fibcrirc Europe 
Fibre and Mi:a 
Fothergill and Harvey 
Gividi 
Hcxccl 
Srcvcns-Gcncn 
lnlcrglas-tcxtil 
Krcmpcl 
LNP (ICI) 

Smuc~: Office oC Technology Assessment, Adl·anc~d Ma1maJs by Daip (Washinitton, 
D.C., Government Printing Office, 1988). 

Gennany, Italy and United Kingdom. Together, these 
countries account for about 90 per cent of the business. 
France dominates the advanced composites business in 
Wc.'ltcrn Europe, with a 55 per cent share of sales. Sub
stantial involvement by the Government of France in 
major aerospace, automotive and energy-producing com
panies makes the French industry by far the most heavily 
State-subsidized in Western Europe. At the European 
Community level, significant expenditures have been 
made to facilitate 1hc introduction of polymer matrix 
composites into commercial applications. Significant 
amounts of advanced composites products arc fabricated 
in the United States and exported to Europe either for 
assembly in European aircraft or for production of com
ponents for United States aircraft. 
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Table IV.59 also lists companies iovolved in the Euro
pean polymer matrix composite industry. Among resin 
suppliers, large transnational chemical companies domi
nate the supply of high-performance thermJscts and ther
moplastics to the European market. Major producers of 
epoxies include Shell, Ciba-Geigy, and Dow Chemical. 
The most important suppliers of high-performance fibres 
in Western Europe include Hysol Grafil, a joint venture 
between Dexter (United States) and Courtaulds (Uniled 
Kingdom); Soficar, a joint venture between Elf Aquitaine 
(France) and Toray (Japan); and Enka (Netherlands). 
Total production capacity of carbon fibres in Europe is 
estimated at over 1,100 tonnes. Capacity in the United 
Kingdom is the largest, followed by Germany and 
France. Overall, four suppliers (Ciba-Geigy, American 



Cyanamid, Hexed and Krempel) control abou: thn:e 
quarters of European prepreg production. The commer
cial airer.if! manufacturer Airb:.is lndustrie is the single 
largest consumer of shapes in Western El!mpe. 

(c) Me1ul nu1lri.t composites 

The print·ip;.tl markets for metal matrix composite 
materials in the United States and Western Europe are 
also in the defence and aerospace sectors. At present. 
suppliers of metal matrix composite materials in the 
United States are small undercapitalized companies with 
limited technical resources, because the current market is 
not big enough to aur.ict large companies. In fact. sever.ii 
experts have char.icterized the industry as a "cottage" 
industry. Research and development programmes have 
been initiated by larger finns. including major alu
minium suppliers such as Alcoa and Akan. However. 
c,impanies actually supplying metal matrix composite 
materials. structural shapes and components to the indus
try are either small entrepreneurial finns or small subdi
visions or subsidiaries of large corporations. Integration 
of these smaller producers into concerns having greater 
capital and research and development resources is t-on
sidered an important step in the diffusion of technology 
into commercial applications. Primary suppliers of ma
trix. reinforcem.:nt and finished metal matrix composite 
materials in the United States are given in table IV.60. 

The principal companies supplying metal matrix com
posites in Japan are the traditional metal suppliers and 
~uppliers of fibres and particulates for polymer matrix 
cumposite'i and ceramic matrix composites. These in
clude Toho Rayon. Toray. Mitsubishi Aluminium, Kobe 
Stc:cl and Nippon Steel. Major organi1.alions involved 
with metal matrix composite materials in Japan are listed 
in table IV.NI. Companies experimenting with metal 
matrix composite products include Hitachi. lshika
wajima-Harima Heavy lndu~tries. Honda and Toyota. 
The metal matrix rnmposite industry in Japan differs 
significantly from that in Western European and the 
United States. in that the same companies invol•:ed 
with ceramics and polymer matrix composites also pro
duce metal matrix composites. End-user industries in 
Japan interested in metal matrix composites are the auto
motive. electronics and aerospace industries. Japan does 
not have a large defence industry. and is more interested 
in developing commercial materials for industrial appli
cations. The domestic market for these metal matrix 
con~posite materials is small. but a few products are 
made in limited quantities. One noteworthy metal matrix 
composite development in Japan has been the introduc
tion by Toyota of a diesel engine piston consisting of 
aluminium locally reinforced with ceramic fibres. This 
su~gests the future possihle use of metal matrix com
posites in low-cost. high-volume applications, creating 
interest among potential international commercial users 
of such products. 

The structure of the Western European metal-malrix
composites industry is similar to that in the United 
States. Current metal-matrix-composites research and 
dt>velopment is primarily funded by defence ministry 
contracts. Among end-users. aerospace companies have 
made the highest ·:search and development investments 
in metal matrix composites. No automobile companies 
appear to have plans to use metal matrix composites in 
the near future, although nearly all have conducted pre-

liminary investigations. The principal t"ountries involved 
in metal-matrix-composites resean:h and development 
are Fmnce. Ciem1any and •.1e United Kingdom. Table 
IV.60 identifies the principal organi1.ations involved in 
those countries and others. 

6. Short- anll m~dium-term olllloolc 

The advanced materials industry is char.icterized by 
three features that distinguish it fmm the pa.o;t (41 (. first, 
new materials are being developed at a more r.ipid pace. 
and technological and competitive pressures are acceler
ating the mle of substitution. Secondly. by working at 
the molecular level. scientists can now create ;:.:w mate
rials for specific properties and uses rather than modify 
existing materials; parts are redesigned and manufactur
ing processes are changed to accommodate these new 
materials. Thirdly. advanced materials development now 
requires a much wider range of expenise and scientific 
knowledge; as a consequence, plant design engineers and 
assembly line specialists must work with materials scien
tists to reduce total product costs. The development of 
these materials has caused conventional materials. espe
cially metals. to suffer competition in substitution, par
ticularly from reinlorced plastics and fibre optics. Light 
and durable plastics and polymer composites are also 
used as substitutes for metals and glass in the motor 
vehicle, aerospace and packaging industries. Optical fi. 
bres may one day supplant copper as the premier mate
rials used in telecommunications. and electrically con
ductive plastics now under development eventually may 
displace metal wire in electronic circuits. In addition, 
advanced ceramics are beir.g developed for hi_gh-tem
perature environments that were previously the sole do
main of metal alloys. The impact of such developments 
is expected to grow substantially over the next decade. 

(a) Automotivt' applications 

Car and truck manufacturing constitutes an immense 
market for advanced polymers. because the industry pro
duces a great number of motor vehicles that could incor
porate si1.eable quantities of these materials. The utili1.a
tion of additional plastics under the hood (some plastics 
are already being used for parts such as radiator headers 
and master hydraulic cylinder reservoirs) is expected to 
trail their use for outer body panels for several reasons. 
To design and manufacture firewalls. floor pans and 
sidewalls with plastics rather than metal requires com
posite materials that have high-temperature resistance. 
low flammability etc. Excluding the engine block. which 
will remain predominantly metal into the twenty-first 
century. the frame and other structural parts will prob
ably be the la.'lt area where plastics will substitute for 
metals [41 (. 

Actual substitution of plastics in cars involves: costs 
of both the plastics and the steel that they replace. and in 
additicn the cost of other m;>terials, such as aluminium 
and magnesium, that compete with plastics in replacing 
steel; costs of designing and manufacturing plastic car 
parts versus steel, aluminium, or in a few cases, magne
sium; prices of oil and gasoline; ability of plastics to 
meet high-performance requirements (high-temperalure 
resistance and high strength) for under· rhe-hood and 
frarr.e parts, which is a salety issue as well; changing 
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Table IV.60. Major compaaies ia tllc world -ta•·-trU·CIOGlpasita iadllSlry, 1916 

Suppliers of metal·matrix
composites materials 
in the United States 

Matrix 
Alcan 
Alcoa 
AMAX 
Avco/Textron 
Dow Chemical 

Panicrllata 
Norton 
Standard Oil Engineered Materials 

~ 
Arco Chemical 
Am.:rican Matrix 
J.M. Huber 
Versar Manufacturing 

Fibrrs 
American Cyanamid 
Avco/Textron 
Du Pont 
Standard Oil Engineered Materials 

Composita 
Advanced Composite Materials 
Amercom 
Arco Chemical 
Avco/Textron 
Cordec 
Dural Aluminium Composites 
DWA Composite Specialties 
Materials Concepts 
Nova met 
Sparta 

Organizations involved in 
metal-matrix-composites 
research in Western Europe 

Gmnmry 
Batelle-Frankfurt 
Berghof" GmbH 
Dornier 
Messerschmitt-Bolkow· Blohm 
Sigri 

Frana 
Aerospatialc 
CDF Chimie 
Ecole des mines (Paris) 
Elf Aquitaine 
lnstilut Saint-Louis 
Socictc nltionalc des 

poudres et nplosifs 
Thomson-CSF 
t:niversitc de Bordeaux 
VetrotCJL - Saint-Gobain 

Italy 
Aerilalia 
Fiat 
Siai Macheti 

Nnh£rlands 
Fokker 

NotWaY 
Central Institute for 

Research - Oslo 
Swrdm 

Chalmers University of 
Technology 

Kockhoms Shipyard 
SAAB 
Sweden Defence Laboratory 
Sweden lns:itule for Metals 

Research 
Unittd Kingdom 

Harwell 
Bristol Composites 
British Aerospace 
Courtaulds 
Dunlop 
Fothergill and Harvey 
Hepworth and Grandage 
Imperial Chemicals 
Lagstall Engineering Company 
Rolls Royce 
R1Jyal Aircraft Establishment 
Wellworth Limited 
Westland Helicopters 

Organizations involved 
in metal matrix 
composites in Japan 

Company 
Art Metal Manufacturing Company 
B&W Refractories 
Daia Vacuum Engineering Compan)· 
Hiroshima University 
Honda Motors 
Japanese Society on Materials 
Science 
Mitsubishi 
Nippon Carbon 
Okura Laboratory 
Sumitomo 
Toni Carbon 
Tokyo University 
Tokyo Institute of" Technology 
Toyota Motors 

Soun:~: Office of Technological Asscssment.Advanud Mamialsby Daign (Washington, D.C., Government Printing Office, 1988). 

consumer tastes and preferences; and the economic fea
sibility of recycling automotive pla-;tic11. 

Tne thermal strength and hardne11s properties of ad
vanced ceramics have given these materials significant 
potential for their application in car and truck engines. 
However, ceramic coatings and parts are only now being 
introduced by the motor vehicle industry, and will not 
11eriou11ly ccmpete with conventional materials in this 
11ector for a decade or more. The most near-term uses 
likely for advanced ceramics are items such a11 turbo
charger rotors, piston ring11 and pistons, cylinder liners 
and small stationary part.-;. Coatings and smaller parts 
will be introduced fir~t. 
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( b) Auospace applications 

Aerospace manufacturing also represents a future 
major market for advanced materials. The lower produc
tion rate of aircraft versus motor vehicles permits greater 
use of longer-cure composiles in aircraft manufacturing. 
The much higher prices of and much longer processing 
time permilled for aircraft composites allow them to be 
used more frequently than motor vehicle composites. It 
is in the aerospace 11Cetor that the new state-of-the-art 
composites will be developed, rather than in the motor 
vehicle sector where the goal is largely to increase the 
plastic parts production rate and reduce the cost of exist· 
ing plastics. 



Composites such as gr.iphite~pi.,xies ha\·e sever.ii ad
\·antages o\·er the aluminium they replace in the 
airframe. Pmbably the most significant of these is the 
lighter weight of compvsites: aluminium parts gener.illy 
weigh about 1.3 times a.o; much a.o; the composites that 
substitute for them. The i1ghter weight enables the air
er.if! to ha\·e a longer range and bigger payload. and 
increases manoeuvrJbility a;id speed. Relatively liule 
experience in the use of compi.lsiteo; compared with met
als in aircr.ift means that compi.lsites will initially be used 
mainly in secondary structures. that is. doors. naps. sl~:s 
and part of the tail. t.;nlike the airframe. where compi.ls
ites ha"·e already substituted for aluminium in sizeable 
4uantities (at lea."t in some military ain:raft). the engine 
area presents technical and perfonnance problems which 
are more difficult for c~mposites to overcome. With re
gard to engineered ceramics. it is ellpected that with the 
ellception of their ptlssible application a.o; coating. cer.tm
ics will not be employed in jet aircraft engines until well 
into the next century. However. because of this. they 
offer advantages that almost ensure their eventual use. 

(c) Construction 

The construction industry. although a traditional con
sumer of metal. has been increa.o;ing its demand for plas
tics. Important consumers are finno; that manufacture 
pipes and conduits. siding for buildings. and windows 
for residential housing. Other building trade applications 
in which plastics are competing with conventional min
eral materials include interior and exterior moulds. 
doors. plumbing fixtures and insulation. Less weight. 
lower fabrication costs. heller design flellibility and ease 
of maintenance are features that have increa...cd the de
mam.I for plastics in construction materials and will con
tinue to spur its use by builders over the next decade. 

Steel and ductile iron for conduits and drain and sewer 
pipes account for most of the metal that is expected to be 
replaced by plastics in construction during the early 
1990s. Most of the gains against me1als will be made by 
plaslic piping (predominanlly polyvinyl chloride) wilhin 
buildings and as underground waler and drain lines in 
urban areas. Pla.o;tic pipes already accounl for a large 
portion of all rural mains laid loday {replacing casl iron 
and vilreous clay pipe). In lhe siding business. alu
minium is the metal thal faces the grealest competilion 
from plaslics (primarily vinyl). Steel currently accounls 
for only a v::ry small share of the market. a share that is 
nol expected lo change much in the next decade. Alu
minium faces a strong challenge from plaslics as a ma
lerial used lo fabricate window frames for houseo; and 
01her residential slructures. Plastics lprimarily vinyl) 
have a growing share of lhe residenlial replacement win
dow business and lhe lolal residenlial window market. 

( d J Maclii11ery anti equipment 

The hea\·y machinery and et.tuipment industry con
sumed ahoul I 5K.2 kilogram<; of pla'ilico; per year be
tween I 9KO and 1985, primarily lo replace melals. Al
lhnugh a small portion of plaslics subslilute for ruhber in 
hoses and gaskets. most polymer malerialo; are used In 

manufaclure parts such as casings. shields, ins1n11nent 
panels ;md housings formerly made from sleel. c;1<;l iron. 
or aluminium. Plaslics are used to achieve lower costs 
ha.,ed on lighter weigh! and ease of fahrication. The roral 
impacl of suhslitulion by plastics in this seclor could be 

estimated. but the information a\·ailahlc is nol ~tailed 
enough 10 pennit much differentiation among the types 
and 4uantities of metal displOk."Cd. As the 1.-umpetilion of 
pla.stics in the industry. steel repi.lrtedly is the n~ta.I most 
affected by lhe substitution trend. 

I. Mmironductor industry (ISIC 383228)• 

I. R~unt tulllls a1UI curnnl coNlilions 

In 1992 lhe world semiconductor market reached 
some $59.9 billion. a 9.6 per 1.-ent increa...c over 1991 
[46). This growth rale is commendable. given that the 
increase for 1990/91 was 8.5 per cent. and thal increases 
for earlier years aver.tged only 3 per cent. The recovery 
occurred during the first quaiter of 1991 in Asia. the 
second 4ua1ter in the United States and the third 4ua1ter 
in Europe. However, no such reco"·ery took place in 
Japan. where the market declined. Concerning growth 
rates in lhese countries and their region.o;. table IV.61 
shows that for 1991192 growth rates were 29.6 per cent 
in A'iia and the Pacific. 19.7 per cent in !be Uniled 
S1a1es. 15 per cent in Europe and - 7 .4 per cenl in Japan. 
In Europe. the rates varied between 14.3 per cent in 
Gennany. 13.3 per cent in France, 7.1 per cent in the 
United Kingdom and 24 . .S per cent in the rest of Europe. 
The high growth rate enjoyed in Asia and the Pacific is 
due mainly to sales of personal computers. wi1h the elec
tronic industry in Taiwan Province responsible for much 
of the growlh. Other Asian countries showing rapid 
growlh in table IV.61 are the Republic of Korea and 
China. In terms of market share. figure IV.24 shows 1hat 
Japan. which previously accounled for more than 38 per 
cent of lhe global market is down to 32 per cent. The 
market share of Asia and the Pacific is close to that of 
Europe. about 18 per cent. Figure IV .25 provides market 
shares by major product sector. 

(a) UnderlyinK market forces 

In Europe as well as in Japan. poor household demand 
has led to a decrease in lhe consumption of consumer 
goods; in the Uniled States lhe slighl recovery of the 
economy is unable to r~versc this decline. The consump
lion of computers. however, hao; increased. and this has 
caused semiconductor sales to grow by 26 per cenl in 
1991/92. Also crealing semiconductor demand in Europe 
has been increased anli-pollution regulations on the one 
hand. all'.I growing security requirements on 1he olher. 
Demand arose in the automohile induslry as a result of 
growlh in enhanced engine managemenl sys1ems. air 
hags and anti-skid braking systems; scmiconducior sales 
lhus rose by 15 per cent over lhe level of 1991. Other 
market segments such as 1elecommunica1ions and indus
trial applicalions grew moderately by 5 per cent, but 1he 
mili1ary segment decreased by 3 per cent 1461. 

These growth pallems are roughly the same in differ
enl regions of the world. except in Japan. where nearly 
all product seclors experienced strong negalive growth. 
The computer ~ector now accounls for more lhan 45 per 
cent of the lotal world semiconductor market, wilh one 

•1 ::-;mo acknnwlc1lj:(' iht cnnlnhullnn or fran-J'luhp~ l>au~in. 
S(iS· Thnm<on M.-rnelec1run1e<. 
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Table IV.61. World -icomdllCIOI' Dies, 1991 allcl 1992 

Percentage 
Percentage share 

Region, coantry 1991 1992 change 
or area (million dollus) 1991-199:! 1991 199? 

Japa1t :ZO 9JS 19 384 -7.4 .18 33 32.38 
United States lS 376 18 410 19.7 ?8.16 J0.7S 
Europe 10 llS ll 470 IS.O l8.S2 19.16 

Germany 3 280 3 7SO 14.3 6.01 6.26 
Uni1ed Kingdom 2 176 2 331 7.1 3.98 3.89 
France 1 280 l 4SO 13.3 ?.34 ?.42 
Other 2 268 2 823 24.S 4.lS 4.n 

Asia and the Pacific g 18? 10 600 29.6 14.98 17.71 
Republic of Korea 1 805 2 410 33.5 3.33 4.03 
Taiwan Province 1 834 2 600 41.8 3.36 4.34 
Hong Kong I 351 1 600 18.4 ?.47 2.67 
China 3S3 soo 41.6 0.6S 0.84 
ASEAN 2 673 3 JOO 23.S 4.89 S.Sl 
Sou1h Africa and 
New 7..caland 166 190 14.S 0.30 0.32 

Total 53 497 SS 748 9.8 97.97 98.14 

World S4 607 S9 864 9.6 100.00 100.00 

~n: World Semiconductor Trade Statistics, 8lw Book (San Jose, California, 
January }993). p- 34; SGS-Thomson Microelectronics: and estimalC$ based on 
presentations lo lhe French ln1egrated Circuit Club (Paris. February I993), German 
Notary Statistics (S.u11gar1, December 1992), Anic Semiconductor Club (Milano, January 
1993}, and Electrics Companies Industry Federation-United Kingdom Club (London, 
February 1993). 

half of that due to the personal computer. The automo
tive segment represents 6 per cent of the worid total. 
This approximately equals the share of lhe market for 
colour television sets (46). 

(b) Untkrlying technological trends 

1be strong growth in the personal computer industry 
as well as its emphasis on adopting the newest generation 
of chips has dramatically increased lhe demand for the 
32-bit microprocessor (86 series from lnlel mainly). As 
shown in table IV .62, growth increased by 22.1 per cent 
between 1991 and 1992. Demand for volatile memories 
(dynamic random access lll(mory (DRAM) and static 

Figura IV.24. World Mmlconductor m11rket, 1912 

Soutw: J.·P. Oeuvln. SGS-'ThcllNm ~. Pn (1993). 
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Rgure IV.25. Total semiconductor market share by 
sector, 1992 

Total: S 511.1.,.,., 

Sol#al: J.-P. Deuvin, SGS-Thom9on Microeleclronic. Pw (1993). 

random access memory (SRAM)) mainly employed in 
the motherboard of a personal computer has also in
creased significantly. At the same time, the very de
pressed demand lor mainframe computers has lowered 
the growth to 2.4 per cent for semi-custom semiconduc
tors (applicalion-specific integrated code). Other product 
applications experienced very moderate growth (Analog) 
or even negative growth (bipolar digital). Micro
componcnts (microprocessors, micmcontrollers, micro
peripherals) shared 23.24 per cent of the total market, 
while total memories (volatile and non-volatile) occupied 
1S.49 per cent (46). 



Table IV.62. World -icoadllCtOr .. mt growtll, 1991 amd 1992 

Perccn1age 
Perccn1age share 

1991 1992 change 
Type or device (million dollus) 1991-1992 1991 1992 

Micro processors 11 388 13 910 22.l 20.85 23.24 
Memories 12 233 14 840 21.3 22.40 24.79 

Scmicus1om 4 405 4 510 2.4 8.07 7.53 

Analog 8 336 8 730 4.7 lS.27 14.58 

Bipolar digi1al 3420 3 ISO -7.9 6.26 5.26 
MOS logic 4 852 4 820 -0.7 8.89 8.0S 

Op1octec1ronics 2 421 2 300 -5.0 4.43 3.84 
Discrcle semiconductors 7 SS2 7 604 0.7 13.83 12.70 

TOTAL 54 607 S9 864 9.6 100.00 100.00 

Soute~: World Scmiconduc1or Trade Slalislics, ~Boole (San Jose Calirornia, January 
1993). p. 34. 

(c) Prices 

Prices of a semiconductor device depend on three fac
tors in particular: technological progress (for example, 
lev~I o~ integration, size of the wafer and package), 
which m the past has been responsible for an annual 
decrease of 30 per cent of the cost of elementary compo
nents (such as transistors); the complexity of a chip 
(computing power for microcomponcnts, size of 
memory, number of gates for a full logic circuit), and 
changes in international business cycles. In 1992, tech
nological progress intensified in microprocessors as well 
as in the memory segment. The microprocessor segment 
has witnessed the very rapid replacement of the Intel 386 
by the 486; in the memory segment the I megabyte 
DRAM has been replaced by the 4 megabyte DRAM, 
a_nd 4 UV-Eprom has been replaced by the first genera
tion of Flash Eprom. The supply of semiconduclors, 
which has exceeded demand over the past lwo years, has 
now come closer to cquily. 

In general, semiconductor prices increased by I 0 per 
cenl between 1991 and 1992. This total reflecls price 
rises for microprocessors of 40 per cent, DRAM memo
ries of 35 per cent, microcontrollers of 16 per cent, and 
analog integrated circuits of 8 per cent. However, dis
crete semiconductor prices did not grow at all; in fact 
prices of digital bipolar integrated circuits fell by IO per 
cent, largely due to replacement by newer complemen
tary metal-oxide semiconductor technologies. Underly
ing the overall price increase has been the demand ex
erted on two groups of semiconductors, microprocessors 
and DRAM memories. This phenomenon occurred previ
ously in 1974, in 1984 (ITL bipolar logic), and again in 
1988 (DRAM memories). 

(d) Performance of major companies 

In 1992, for the first time since 1986, Intel of the 
United States has displaced NEC of Japan as the world's 
leading semiconductor producer. The fastest growth ex
perienced by a company in 1992 was that of Samsung of 
lhe Republic of Korea, which has had a growth rate of .54 
per cent since 1983. Companies in Japan have i;hown 
very li1tle growth, partly because of the depresi;ed do
mestic markel (about 7 per cent). and partly becaui;c of 
very tough competition from Samsung in the DRAM 
memory segment. In addition to Intel, table IV.63 shows 

that most United States companies experienced higher 
profits in 1992 than in 1991. Particularly high gains were 
experienced by Atmel, Cypress and Motorola. 

European companies as a whole have shown moderate 
growth averaging about 5 per cent, this is well below the 
world average, and also well below the total growth of 
the European semiconductor market. Philips suffered 
from the collapse of demand for consumer products, and 
Siemens failed to place any new major product-. on the 
market. An exception wa" the good portfolio positioning 
and the good regional sales split of SGS-Thomson (22 
per cent of sales in Asia, 21 per cent in the United 
States). This allowed the Franco-Italian company to 
grow by some 13 per cent. 

2. Industry restructuring 

(a) Marut shares 

Taking advantage of both a downturn in the Japanese 
economy and a heightened emphasis on the semiconduc
tor trade agreement between the United States and Japan, 
the market share of North American companies grew 
significantly by 41.1 per cent between 1991 and 1992, 
compared with 38.4 per cent in 1990/91. Table IV.64 
provides the share of the top six United-States-bai;ed 
companies (Intel, Motorola, Texao; Instruments, National 
Semiconductor, Advanced Micro Devices, and AT &n. 
All of these companies experienced strong growth be
tween 1983 and 1992. Overall, the market i;hare of Japa
nese companies dropped by 3.6 per cent in 1992. repre
senting a global share of 42.8 per cent. However, Japa
nesc companies still managed to perform well in many 
areas. NEC retained its top ranking in the Japanese mar
ket, and Toshiba experienced i;trong sale!i in the logic 
and memory areas. In Europe, only SGS-Thomson re
corded strong i;ales growth; two other major European 
companies experienced a very moderate growth or de
creai;e, well below the market average. The top 20 i;emi
conductor manufactureri; are all suppliers of a broad 
range of products operaling on a worldwide bai;is, cov
ering between 25 per cent of the market in the case of 
Intel (which can be considered ai; an exception) and 88 
per cent of the market in the case of NEC, Toi;hiba, 
Mitsubishi and Matsushita. 
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Table IV ..63. F"..acial ,_Its cl 8dl:ctcd -icaMllCtlor-prod.a.c 
-puiea ia die Uaited Slates. 1991 aad 1992 

Profit bcfon: tH Perccnt•cc 
Percentage share 

1991 1992 c:bange 
Company (million dollars) 1991-1992 1991 1992 

A.\ID 128.0 19S.O S?.3 14.20 9.37 
Aanalog 17.8 11.S -JS.4 1.91 0-55 
Atmel 10.2 13_9 36.3 1.13 0.67 
Brook tree 12.2 10.6 -13.1 1-JS 0-51 
Burrs Brown -10.0 1-0 ti -1-11 o.os 
Chips A Tec:bnologics -48.0 -ss.o 14.6 -S.33 -2.64 
Cypress 20.0 27.0 JS.O 2.22 1-30 
Dilllas Sc: lS.O 18.0 20.0 1-66 0.86 
Intel 818.0 I 066.0 JO_] 90.77 Sl.23 
IRC 26.0 7.0 -73.1 2.89 0.34 
LSI Logic: 8.0 -110.0 !I 0.89 -S.29 
Motorola'21 454.0 S83.0 28.4 S0.38 28.02 
National -152.0 99.0 t! -16.87 4.76 
VLSI Technology 10.0 -33.0 II 1.11 -1-59 
Tens lnstruments;ll/ -408.0 247.0 II -4S.27 11-87 

TOTAL 901.2 2 081-0 130.9 100.00 100.00 

Soun;~: Database of J_-p_ Dauvin. SGS-Thomson Mic:roclcc:tronics. Paris. 
If Sot applicable. 
II.I Total group. 

Table IV-64. wor111·. aajcw -icaMKtor-prodKiag-paaia, 1913-1992 

Sales Percentage Markel sbarc 
1992 change 1992 

Rank Company and country (million dollars) 1983-1992 (pc rec a rage) 

1 Intel (Cnited States) s 064 20.0 7.7 

2 !li:EC (Japan) 4 976 15.0 7.6 
3 Toshiba (Japan) 4 76S 19.0 7.3 
4 Motorola (United States) 4 63S 12.0 7.1 
s Hitachi (Japan) 3 902 13.0 S.9 
6 Texas Instruments (United States) 3 OS? 7.0 4.7 
7 Fujitsu (Japan) 2 S83 16.0 3.9 
8 Mitsubishi (Japan) 2 307 18.0 3.S 
9 Philips (Netherlands) 2 109 10.0 3.2 
10 Matsushita (Japan) 1 929 14.0 2.9 
11 Samsung (Republic of Korea) 1 902 S4.0 2.9 
12 National Semiconductor (United States) 1 797 3.0 2.7 
13 SGS· Thomson Microelectronics 

(France, Italy) 1 60S 18.0 2.6 
14 Advanced Micro Devices (United States) 1 S02 10.0 2.3 
JS Sharp (Japan) I 388 19.0 2.1 
16 Sanyo (Japan) 1 369 16.0 2.1 
17 Siemens (Germany) l 220 16.0 1.9 
18 Sony (Japan) 1 ISO 28.0 1.8 
19 Oki (Japan) 976 17.0 1.S 
20 AT&T (United States) 924 19.0 1.4 

TOTAi. 49 lSS 14.0 7S.1 

World 6S 4S3 100.0 

SOlll'C~: D11aque11, Morlrn Shtv~ Rqxm (San Jose, California, February 1984 and January 
1993). 



In general. linitcd States subsidi31)· companies. except 
AT&T. ha\·e very little or no integration with their parent 
\."Olllpany. Howe,·er. Ja~ '--ompanies are fully inte
grated.. and their internal transfer payments represent 
between 25 :and 35 per l.-Cnt of their total revenues. As a 
pcn.-cntage of their corporation st:mil.-onductor purchases. 
this represents between 80 and 85 per cent. \.-Crtainly the 
highest of any major world company. Companies such as 
Sam.o;ung. Goldstar and Hyundai in the Republic of Ko
rea exhibit the same imegration profile. the chaebol in 
the Republic of Korea behaving ex:l'-'"tly as the Japanese 
kt'iratsu. Semiconductor '--ompanics in Europe possess a 
degree of integration somewhere bet111o-ccn the United 
Siate!' companies (none or very little) and the fully inte
grated companies in Japan and the Republic of Korea. 
Internal transfers of semimnductors by Philips ..:o~er 55 
per '--cnt of all Philips semiconductor purchases; this 
percentage is lower at 35 per cen! for Siemens and at 15 
per cent for SGS-lbomson. 

This global ,-iew can be disaggregated to the national 
and the regional level. as shown in table IV.65. In the 
linitcd States. the major domestic companies possess a 
55 per cent market share. The remaining 45 per cent 
belong mainly to companies in Japan. Republic of Korea 
and Europe. The high level of penetration by Japan and 
the Republic of Korea results from the fact that the 
United States electronic industry is hca,·ily speciali1cd in 
personal computer production. The latter requires hea\·y 
use of DRAM memories. a "specialty .. of Japan and now 
of the Repubfo· of Korea. In recent years the United 
States share of their domestic market increased ao; a re
-.ult of the very stronJ? position of Intel. ba'ied on its 32-
bit microprocessor used in personal computers. A slight 
but definite recovery of the domestic market share of 
United States companies is expected to increa'iC a-. a 
result of the relocation of personal computer pmduction 

from l.-UUntrics of the Asian and Pacific rim tmnn!s 
Mexi'--o and several other Latin American '-·ountrics. 

The European market ha.-; the greatest share of foreign 
fimts. Indigenous pmdll\.--crs such ;is Philips. Siemen.". 
SGS-Thomwn. Temic md GEC-Plcssey pos~s 38 per 
cent of the domestic market. This small !ihare is due 10 

the displ3'--crncnt of Japanese companies clo~r 10 cu.o;
tomers in Ireland. Germany and the United Kingdom. 

The Asia and P3':ific region secm"i to be divided be
tween Japanese mmpanies (with a 25 per cent 10 30 per 
cent share) and United Stales companies 125 per \.-COi). 
Companies of the Repubfo.: of Korea such a." S;im .. ung 
;ire i1Kttasing their share quickly. given their production 
of DRAM and SRAM memories. The Japanese market is 
dominated by Japanese semiconductor companies. 
mainly because of the high level of market restriction.-; 
faced by foreign companies. The prcsc:O\.-c in the Japa
nese market of some United States companies sul.·h .._,. 
Texas Instrument-; and Intel is mainly due to the pres
ence of IBM in Japan (purchasing microcomponento; 
from Intel) and lo specialty prodll'-1.'1 (like bitx>lar lTL) 
produced by Texao; ln.'itruments and nol by Japanese 
semiconductor manufacturers. Despite continuous politi
cal pressure from the Gnited States Gm·emmenl to open 
the Japanese market. foreign penctr Jtion ha-; nol pro
gressed much above I 0 lo 12 per cenl of lhe total Japa
nese domestic mark.el. 

( b) ChanKe.f in conantration 

The semiconductor induo;try ha.-; been in place only 
since the 1960s. During the pao;t 30 years. the concentra· 
tion ratio of the industry intenstlied; m IW2. the lop 20 
manufacturers represented 70 per cent of the glohal in
dustry. This mm;emenl towards concentr;ition has not 
been continuous. some years witnessed increased con-

Table IV.65. Marbt sllans oC'tlw lop 10 -icolldactOl'-pnMlurinc rompallin bJ rqioll.1"1 

Sales Pcrccn1agc Sales Pcrccn1age 
Company (million dollars) share Company (million dollars) share 

Japan F.uro,x 
SEC 3 3S4 IS.9 Philips I 12S 9.:? 
Hi1ach1 2 386 11.3 ln1cl l 109 9.1 
Toshiba 2 341 I I.I Motorola 976 8.0 
Fujitsu I 790 8.S Siemens 980 7.4 
Malsushita l S311 7.3 SGS· Thomson 89S 7.3 
Mi1subish1 I 314 6.2 Teus lns1rumcnu 70S S.8 
Sharp I 080 S.I :'llEC 481 3.9 
Sanyo 879 S.2 Sational 41S H 
Tcus lnsuumcnu 8S8 4.1 A.\fD 346 2.8 
Samsung 682 3.2 Hitachi 333 2.1 

Uniud S1a11s Asia 
Intel 2 246 13.0 Toshiba 960 8.1 
Motorola 2 317 11.4 Intel BBS 7.4 
Tnas lns1rumenu I 192 S.9 Mo1orola 839 7.0 
Toshiba 988 4.9 Samsung 83S 7.0 
Na1ional 823 4.0 tl11achi 488 4.1 
AT&T 7S7 3.7 Tc:us lnslrumc:nls 473 4.0 
Hitachi 6?S 3.4 Philips 467 3.9 
NEC 687 3.4 ?liEC: 4S4 3.8 
AMO 680 3.3 Narional 421 3.S 
Samsung 614 3.0 Sanyo 417 3.S 

Sourc1: Da11qucs1, MarlcLt Shim Rq>en (San Josi, California, January 1993). 
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cenlralion. and others rela."<ed concentration. During 
191111 and 1989. for example. such an increa-;e occurred. 
However. in 1992 the rate among the top 20 manuf:l\.'tur
ers declined lo 71 per \.""Cnt. down fmm 75 per cent in 
1989. 

The major causes of coR\.-entr-.ition h:i.ve been the in
cre:i.sing \.'Osl of new lechnology and of m:i.nufacturing 
equipment. In the 1970s. total expenditure on R and D 
and capil:i.l spending did nol exceed 20 per cenl of the 
lOlal sales of the industry leaders. Today this pen:enl:i.ge 
has jumped to 40 per cent. equally distributed between 
R and D and capital spending. In 1992. the mosl 
:i.dvark.-cd f:11..10ry bunched by S:i.msung to pmdul"C 16 mega
byte DRAM memories required expenditures of $890 
million. In 1985, lhe cost of an equivalent unit producing 
256 kilobyte DRAM memories was about $250 million. 
n"Ollomics of scale have now become very important; a 
semiconductor company musl reach a critical size esli
maled for a broad range of semiconductor companies to 
be 5 per cent of the world market. This would mean a 
lower share for the specialist and niche companies. 

During the past 10 years. more than 12 semiconduc."tor 
companies have disappeared or h:i.ve merged. None of 
them had sales beyond the critical 5 per cent level. Com
panies which h:i.ve been bought by their competitors are 
a'I follows: Mostek (bought in 19R5 by Thomson
Scmiconducteurs); Fairchild (merged with National 
Semiconductor in 1987); and General Electric (RCA 
merged with GE RCA and Harris Semiconductor in 
1989). In Europe. SGS Microclectroni.:s merged with 
Thomson-Semiconducteurs in 1987; and Malra Harris, 
Telefonken and Siliconix were merged in 1992 under the 
Daimler-Benz flag to build Temic, a $470 million sales 
company. 

(c) Future mergers 

More than 150 semiconductor companies are now 
operating on the worldwide merchant market. An addi
tional 15 are manufacturing semiconductors for their 
own use. An exception is IBM. which has an estimated 
production value close to S5 billion, but which embodies 
captive transfers. As a result. IBM is not ranked among 
the semiconductor manufacturers. There are three cat
egories among the 150 merchant semiconductor compa
nies . The lop IO with an average of 5 per cent market 
share by company are all suppliers of a broad range of 
products. Their size. broad portfolio of products and 
technology allow them lo be in a relative "safe 1.0nc." in 
terms of continuing 10 exist on their own. Semiconductor 
companies which are not as large. with an average world 
market share of 2 per cent. but which arc also broad
range companies arc considered in an "unstable zone". 
Thal is, they could disappear quickly. To survive, they 
have 10 grow very fast; otherwise they will be obliged lo 
sell part of their portfolio in order lo become specialists. 
The 1emaining semiconductor companies arc specialist 
or niche companies, operating on a very small portion of 
the total semiconductor market, whether hy region, coun
try or product. A typical cllamplc of these rnmpanics is 
Cypress semiconductor, which holds the second position 
in very fast SRAM manufacture. but numbers 30 in over
all manufacturing. The spccialio;ls can be considered as 
being in a "relatively quiet zone". In foci. during the past 
15 years practically none of the companies belonging lo 
this group has disappeared. 
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(d) Gm·emment rrsran·h support 

National Gm·emments ha,·e been historically very 
active in helping the semiconductor industry. Today the 
major support programmes are semiconductor machinery 
and ta:hnology (Sematcch) in the United Stales. the Joinl 
European Submicronic Silicon Initiative (JESSI) in Eu
rope. :md the Taiwan Submicrun Consortium in Asia and 
the Pacific. 

&minmduc111r nul<"hin~ry and trchnology. Scmatcch 
is mo\·ing '1head with its Rand D strategy to make soft
ware technologies such as modelling, simulation and 
computer-integrated manufacturing available for chip 
production. One goal is lo reduce the process technology 
development cycle by some 25 per c.-enl. Sematech also 
has focused its efforts on the needs of high-volume. in
tegrated circuit manufacturing with broad product portfo
lios. This satisfies larger member companies. At the 
other end, finns such as Micron, which need advice for 
a much narrower product line, do not receive much help. 
This may have contributed lo the decision by Micron to 
reconsider its membership in Sematcch. This group is 
also trying lo become more open about the knowledge of 
improvements it has fostered. The organization. funding 
and goals of Scmatcch are summarized in table IV .66. 
Although Semalcch receives half of ito; budget of $200 
million per year from Washington, it faces uncertain 
funding for 1993. About $80 million wa.'I allocated on a 
preliminary basis for Sematcch in the fiscal year. How
ever. in late June, the United States House Defense 
Appropriations Subcommittee awarded as much as $100 
million in funding. 

Scmatcch partnership for its total programme involves 
an industry-wide effort designed 10 alter the way rnmpa
nies interact. The programme is ba.'ICd on the following 
objectives: lo make semiconductor companies aware that 
they arc dependent on every other company in the supply 
chain and that partnering is essential lo save the infra
structure; manufacturing excellence must be achieved to 
ensure survival; and partnering for total quality is a 
hands-on, step-by-step process that formalizes an indus
try commitment 10 improve the se.niconductor infra
structure and regain the leadership of United Stales in
dustry in semiconductor manufacturing. 

Joint Eum{J"<UI Suhmicronic Silicon lnitiativr. Formed 
in 1989 to strengthen Europe's semiconductor position and 
lo accelerate research in submicron technology and 
manufacturing, JESSI varies greatly in its structure and 
purpose from that of Scmalcch. The structure and goals 
of JESSI revolve around four programmes: manufactur
ing and technology for engineering samples of 16 and 64 
megabyte DRAMs. 4 and 16 megabyte SRAM. and 
crasiblc programmable read only memory; design and 
technology lo improve the presence of European materi
als, back-end processes and production equipment in 
world production; an applicalion program that encour
ages usage of European computer-aided, design soft
ware; and basic and long-term research projects (includ
ing 0.25-micron complementary metal-oxide silicon 
technology), circuit design methodology. lithography 
and other processing methods. 

JESSI has Ileen encumbered with funding problems 
since its inception. Originally. national Governments and 
the EEC were each lo support JF-5SI with 25 per cent of 
rhc necessary funding. As shown in table IV.67, EEC 
and national Governments have fallen well short of their 



Item 

Members 

Funding 

Rcsulls 

Table IV.66. DeYclopeeat ol Scmatedl, 1917, 1992 aad 1993 

1987 

14 founding members including 
AMD. AT&T, Digital 
Equipment, Harris. HP, IBM, 
Intel. LSI Logic. Micron, 
Motorola, National, NCR. 
Rockwell, Tl. Department for 
Research Programmes 
Associations, and 
SEMl/Sematech also sit on the 
board. 

100 million dollars per year 
from corporate members and 
$100 million from DoD, with 
DoD fonding guaranteed 
through 1992. 

Attempt to develop next
ge nerat ion chip-making 
processes meets with difficully. 
Pressures among members 
reduces effectiveness. 

1992 

13 members remain. LSI left 
in January. citing lack of 
direct benefits and internal 
financial pressures. Harris and 
Micron have also reserved 
option to leave by year's end. 

SIOO million each from 
members and DoD, but 
Congress to reconsider DoD 
funding. While DoD bas 
requested ~80 million for 1993, 
Congress is expected to 
provide the full SIOO million. 

Goals scaled back to improve 
United States integrated
circuit equipment· maker base, 
but increasing focus on needs 
of large chip companies causes 
some smaller members to 
depart. 

Sowr~: El«tronics BusiMSJ (New York. McGraw-Hill, 1992). 
No«: D:>D = Department of Defense. 

1993 and beyond 

Membership should stabilize at 
11, given Sematech's increased 
focus on needs of large 
integrated circuits companies. 

Probably no change, but 
expected DoD funds co be 
allocated on project-by
project basis now that 
Sematech is achieving success. 

Goals shift again. New five
year plan emphasizes use of 
software in integrated-circuit 
manufacturing systems. Even 
critics say Scmatech's direction 
is better. 

commitments to the consortium. The results are a budget 
that regularly falls $600 million short of its original pro
posal, and a majority of projects that have been slowed 
or stalled because of inadequate funding. Though re
search results are not expected from JESSI until 1996. 
many observers are unimpressed with what they have 
seen so far. However, judging how well the consortium 
has fared is difficult because JESSI is just completing its 
"start-up phase" and moving to the full research activi
ties for which it was intended. 

In Europe it has been claimed that JESSI is too weak 
to move ahead with its plans because of a growing de
pendence of many of its member companies on foreign 
cooperation and alliances. Others charge that the techno
logical advances of JESSI are being compromised by 
unwarranted political interference. For example, JESSI 
ejected ICL Ltd from three computer-aided design 
projects after the United Kingdom company was bought 
by foreign-owned Fujilo;u. Meanwhile, IBM Europe hao; 
been allowed to participate in two projects. 

Taiwan Submicron Consortium. In July 1990, Tai
wan Province took a big step forward in its attempt to 
move from imitator to innovator by opening the doors of 
the Taiwan Submicron Consortium. The goal of the Con
sortium has been to develop and to transfer leading-edge 
process technology to local semiconductor manufactu
rers. The programme is considered a highly ambitious 
project for Taiwan Province, as the area seeks to move 
from low-technology to high-technology electronics pro
duction. The Consortium has been organized to develop 
submicron technology, and has two full members: Tai
wan Province Semiconductor Manufacturing Company 
and United Microelectronics Corporation. It also has five 
associate members: Elron Technology. Inc.; Holtek 
Microelectronics, Inc.; Macronix; Mosel-Vitelic, Inc.; 
and Winbond Electronics Corporation. 

When the Consortium first started, the goal was to 
reach 0.5-micron technology by 1995. Some members 
now say that is not aggressive enough. TI-Acer. located 
in Hsinchu, hao; already started incorporating a 0.55-

Tabk IV.67. Propmed and 11ctual fundiag Inell for Jl!Sm 

Proposed funC:ing 
(pcrccnlagc: by donor) 

European Community 
Na1ional Governments 
Industry 

2S 
2S 
so 

Tolal dollar 1moun1s 
(1989-1996) S 3 billion 

Actual fundin& 
(pcrcen1agc: by donor) 

European Community 
National Govc:rnmc:nu 
Industry 

8 
22 
70 

To1al dollar amounu 
( 1989· 1996) $2.4 billion 

Source: JESSI, Annual Report (New York, January 1992). 
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micron process in its 4 megabyte DRAM manufacturing 
process. Tl-A..:er also plans to have a supershrink 4 
megabyte DRAM in produ1:tion in 1993 using the same 
0.55-micmn pmcess. and will apply the same process 
technology to its 16 megabyte DRAMs when the market 
warrants. 

With a few competitors in Taiwan Province already 
using half-micron technology. some consortium mem
bers arc pushing for grc:tter process-technology goals. 
The Electronic Research and Service Organization 
(ERSO). which oversees the Consortium. has a second 
phase of process technology development untier consid
eration. It proposes that a 0.35-micron technology be the 
starting-point for advanced process development. 

Another concern being raised by member companies 
is what will happen to the 12.000-wafer-per-month fab
rication once the project is completed in 1995. Previous 
ERSO projects have !>pun off as competitors. Consortium 
members have received assurances from the Government 
of Taiwan Province that the 200-millimetrc fabrication 
will not become a competitor. though no agreement has 
yet been reached. 

3. Capacity utilivllion aml expansion plans 

The semiconductor industry has always been capital
intensive. On average the industry used to invest around 
20 per cent of its total value of sales on an annual basis. 
A major part of these expenses have been devoted to new 
facilities (11.J to 95 per cent of the total amount spent each 
year), and a minor part goes to equipment maintenance. 
A traditional rule in the industry has been that of "one 
dollar to one dollar... This means that to obtain an in
crease in sales of SI for a given year, the industry has to 
invest SI in capital in the previous year. In the early 
1970s, the ratio was close to S2. To obtain $2 of addi
tional sales, the amount of investmem that had to be 
realized in the previous year wa<; close to SI. However, 
increa'iing costs of technology. largely due to the in
crease in the level of chip integration, has dropped this 
ratio to 0.5. Today a $2 investment generates only $1 of 
additional sales in the following year. 

An example of the increasing cost of the investment is 
provided by DRAM memories, the most advanced de
vice. As shown in table IV.68, in 1984 the cost of invest
ment necessary 10 produce I million pi~ces per month 
for the 256 kilobyte DRAM device wa'i $35 million; the 
investment cost for a 16 megabyte DRAM device is now 
$210 million. This cost is likely to jump lo $450 million 
for the 256 megabyte DRAM. For the moment. there arc 
few factors that would suggest a slow-down in these ris
ing investment costs. In addition. the necessity of a firm 
reaching a critical si1.c to compete is likely to lead 10 

further concentration between companies. 

Levels of capital investment by individual 1."0mpanies 
in 1991 and 1992 arc summarized in table IV.69. Those 
figures confirm a decline in spending in all major re
gions. However, as will be explained below, the decrease 
has been particularly profound in Japan. 

(a) North Amuica 

Capital spending in North America also fell in 1992, 
but only by 8 per cent. For 1993. one source (471 expects 
North American capital spending to increase by 13 per 
cent. ll is likely lo reach $4 billion in 1993. and should 
continue to increase at a double-digit. or near double
digit growth rate through 1996. While capital expendi
ture in Japan outstripped that in North America from 
1988 to 1992. the same source forcca'its that spending in 
North America will be larger than that in Japan between 
1993 and 1996. 

Growth in capital spending in North America is not 
likely to spread evenly among all semiconductor compa
nies. Rather. it will depend heavily on the product port
folio of the semiconductor company am! the cnd-market'i 
for its chips. Companies such a'i Intel arc doing excep
tionally well. and will make investments accordingly. 
while companies such as IBM will trail in capital spend
ing. at lca.'it in the near term. 

There arc several downward pressures retarding the 
growth of capital spending in North America. These in
clude: the decline in investment in North America by 
Japanese semiconductor manufacturers; and the pursuit 
by United States semiconductor cilmpanics of high
value-addcd niche applications that concentrate on the 
design and the use of oversca'i foundries to manufacture 
chips. 

(b) Europe 

Growth in capital spending in Europe continues to be 
unexciting. It declined by 18 per cent in 1991 and by 
another 12 per cent in 1992. One source (47) predicts 
that it will decline by 4 per cent in 1993. That source 
also forecasts 20 to 30 per cent growth for 1995 and 
1996; however. this foreca'il is clouded with uncertainty. 
Capital spending in Europe was surpassed by capital 
spending in Asia and the Pacific in 1988. and currently 
European investment accounts for only about I 0 per cent 
of global semiconductor investment. An interesting per
spective is that in 1993 capital spending in Europe may 
be only SI billion, which is considerably less than the 
S 1.6 billion which Intel plans to spend in 1993. 

( c) Asia and the Pacific 

When looking at recent trends in capital spending, one 
immediately recogni1.cs the big surge in Japan between 
the years 1987 and 1991 ; such spending rose to a peak 

Table IV.61. Orowll1 d DRAM memory iDYCSllDCDI COSI 

(Million dollars of invesiment for 1 million pieces per month) 
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DRAM memory 

l1em 2S6 Kilobytes 1 Megabyte 4 Megabytes 16 Megabytes 

Generation 

Year of market 
introduction 

JS 

1984/8S 

70 120 

1988/89 1990/91 

Snuru: SGS· Thomson Microelecironics, /Ud Bonk (Paris. January 1992). 

210 

1993/94 



Table IV .69. Capital speadiag estimates by 
saicoedlldot coepaaiea. 1991aad1992 

Percentage 
Percentage share 

I99I I992 change 
Company (million dollars) 1991-1992 1991 1992 

Japan 
NEC 752 615 -I8.2 8.72 8.42 
Hitachi 650 516 -20.6 7-54 7.07 
Toshiba 790 soo -36.7 9.I6 6.85 
Mitsubishi 66S 476 -28-4 7.71 6.52 
Matsushita 460 353 -23.3 S.34 4.83 
Sony 520 377 -27.S 6.03 S.I6 
Fujitsu 700 520 -25.7 8.12 7.I2 

Norrhlfmnica 

Intel 948 I 000 s.s ILOO 13.69 
Motorola 763 650 -I4.8 8.85 8.90 
Tel[as Instruments 383 323 -I5.7 4-44 4.42 
AT&T I70 153 -10.0 t.97 2.10 
National I20 130 8.3 1-39 1-78 
LSI 130 100 -23.I LSI 1-37 

RqublK of Korra 
Samsung 435 590 35.6 5.05 8.08 
Goldstar 360 200 -44.4 4.I8 2.74 

Hyundai I60 ISO -6.3 I-86 2.05 

Eun¥ 
Philips 146 170 16.4 1-69 2.33 

SGS-Thomson 250 280 I2.0 2.90 3.83 

Siemens 220 200 -9.i 2.S5 2.74 

TOTAL 8 622 7 303 -IS.3 I00.00 100.00 

Soun:r: Database of J.-P. Dauvin, SGS-Thomson Microc:lcctronics, Paris. 

of $5.6 billion in 1991. In 1992, spending in Japan de
clined by almost 30 per cent to $4 billion, and is likely 
to fall even further in 1993 to $3.5 billion. Capital spend
ing is likely to rebound in 1994, but capital spending is 
not expected to reach the 1991 peak of $5.6 billion. even 
by 1996. This stow-down in capital spending can be at
tributed not only to the troubled domestic economy. but 
also to the increasing overseas investment of Japanese 
semiconductor manufacturers. The latter divert the 
much-needed investment away from Japan. 

Sales have wealcened for Japanese IC manufacturers 
as well. Domestic rivalry among Japanese integrated cir
cuit firms has led to the building of several fabrication 
units, each alleged to be able to produce more and more 
DRAMs. Realizing that the world cannot absorb exces
sive DRAM production, and given a worldwide eco
nomic slow-down, Japan now has ma;1y fabrication units 
running at less than anticipated capacity, and plans for 
additional facilities have been put on hold. However, it 
remains the world leader in capital ~pending, despite the 
30 per cent reduction in such spending in 1992. 

The forecast for capital spending in the Asia and Pa
cific region as a whole remains bright. Although capital 
spending in Japan, Europe and North America all de
creased in 1992, spending in Asia and the Pacific in 1992 
increased by a modest 2 per cent, despite the cancellation 
or "push-out" of plans for new fabrication unit~. Modest 
growth of 4 per cent is forecast for 1993 [48), rising to 
9 per cent in 1994. Capital spending also is predicted to 
grow by 20 per cent in 1995 and 1996. 

In the other area~ of Asia and the Pacific. Govern· 
ments are targeting the semiconductor industry as a cor
nerstone of their industrial policy. China, India, Malaysia 
and Thailand can be expected to win a larger share of the 
capital spending in the region. In 1991, capital spending 
in Asia and the Pacific accounted for 17 per cent of all 
worldwide semiconductor investment, and will reach 22 
per cent in 1994. That is, nearly a quarter of all semicon
ductor equipment will be sold in this region in the near 
future. As shown in table IV.70, these regional changes 
have clearly modified the shares of capital spending ac
cording to the nationality of the manufacturers. 

In retrospect, cumulative Japanese capital spending 
from 1989 to 1992 represents as much as 50 per cent of 
world spending. Clearly this shows the basic o;trength of 
Japanese companies on the worldwide scene, and hence 
shows the relative significance of their decline in invest
ment in 1992. As shown in table IV.71 the average de· 
crease of investment has been 4 per cent per year from 
1989 to 1992. This trend contrasts with the period from 
1980 to 1989, during which annual growth exceeded 
20 per cent per year. These trends suggest that in 1993 
capacity limitations could lead to an increase in semicon· 
ductor prices. In fact this situation started to develop in 
the last quarter of 1992, and has continued during the 
first quarter of 1993. This trend is further confirmed by 
the increase in the ratio of bookings to billings and by a 
rise in semiconductor inventories. 

Assuming that the semiconductor companies will be 
extremely cautious all through 1993 in expanding their 
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Table IV.70. Brcakdowa ol -imadlldor capital apc9diag 
by rqioa, 1989, 1990 alld 1992 

(Perccn1age) 

Region 1989 1990 1992 

Japan 45 Sl "l 
Sorlb America 35 31 40 
Asia 8 9 10 
Europe 12 9 9 

TOTAL 100 100 100 

Soun:r: Da1aqucs1. Snniconductar Reporr (~n Jose. California. 
February 1993). 

capacities, some increases are still likely to occur just to 
restore profits. An upward market adjustment should 
thus begin during 1994. which suggests a cyclical market 
decline at least by 1995. 

4. Technological trends 

The nature of semiconductor process technologies has 
chan~ed considerably since the 1970s. Table IV .72 
shows the product life cycle for the more popular tech
nologies. For instance, the P-channel metal-oxide semi
conductor (PMOS), a mainstream technology in 1970, 
is now obsolete. In fact. t~re are probably less than 
IO suppliers in the world that still manufacture integrated 
circuil'i using PMOS technology. However, no tcchno
lo~y of the past 21 years has dominated the market for 
integrated circuits as CMOS does at present. In fact, inte
grated circuit-; produced using CMOS are likely to repre
sent 81 per cent of the total merchant market for inle
grated circuil'i (in dollar 1enns) in 1996. Bipolar comple
mentary metal-oxide semiconductor (BiCMOS) inte
grated circuits are likely to show a 52 ~r cent growth 
rate between 1991 and 1996 (rising from $650 million to 
$5.3 billion) [49). Even with such a high growth rate, 
BiCMOS in1egra1ed circuits will represent only S per cent 
of the total integrated circuits market, and will still be 
considered a niche technology. CMOS technology has 
been in the "maturity" stage of its life cycle since the 

mid-1980s, and is still likely to be in the maturity stage 
well into the twenty-first century. As of 1993, no new 
technology has appeared witli tlte potential to dethrone 
CMOS as the mainstream prot."CSS for integrated circuits 
in the foreseeable future. Cost-effectiveness, steadily 
increasing performance and consistently high levels of 
investment in R and D by the manufacturers of integrated 
circuits arc likely to keep CMOS ahead. 

It should be added that CMOS application-specific 
integrated circuits will continue to replace n-channel 
metal-oxide semiconductor (NMOS) DRAMs and micro
processor unit devices. The switch from one technology 
to another in the memory market for the metal-oxide 
semiconductor (MOS) (for example, 256 kilobyte 
DRAMs are primarily NMOS. whereas 1 megabyte 
DRAMs are all CMOS) can happen very quickly when 
moving from one generation to the next. The popularity 
of CMOS as compared with NMOS, PMOS. and 
BiCMOS is very evident. In fact BiCMOS and CMOS 
are likely to represent 99 per cent of the total MOS 
market in 1996. As was shown earlier, the recent dra
matic shift from NMOS to CMOS is primarily due to 
memory devices. CMOS became the technology of 
choice as MOS memory density reached and surpassed I 
megabyte. All 1 megabyte DRAMs are produced using 
CMOS technology, and nearly all of the very large-scale 
integration (VLSI) and ultra-large-scale integration 
(ULSI) technology of the memory devices of the future 
will be CMOS or BiCMOS. 

Japanese companies currently possess the majority of 
rhe market for MOS integrated circuits. This domination 
of major memory marketc;, coupled with their holding of 
a large portion of the gate array market, have propelled 
their market share to 50 per cent of the segment of MOS 
integrated circuits. 

United States companies occupy the largest percentage 
of the bipolar market with a 4 3 per cent share. Some of the 
large United States companies arc still heavily involved in 
bipolar digital technology. which may eventually prove to 
be advantageous for manufacturing BiCMOS devices. 
Those with expertise in emitter-coupled logic (Motorola, 
National etc.) may benefit the most initially. 

Each of the major trendc; is reviewed in greater detail 
below. 

Table IV.71. RcgioHI growtb ol Rmicoadac:tor capital spending by p:!Yatc companies, 1989-1992 
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(Million dollars) 

Pcrcenlage 
Spending by priva1e cnmpanies Percentage share 

change 
Region 1989 1990 1991 1992 1991-1992 1989 1992 

Japan S 4SS 6 040 s 600 3 900 ·30.4 11.19 6.SI 
United Stales 3 300 3 6SO 3 385 3 700 9.3 6.77 6.18 
Europe 980 I OSO 920 800 ·13.0 2.01 1.34 
Asia 920 1 oso 975 994 1.9 1.89 1.66 

To1al 10 6SS II 790 10 880 9 394 • 13.7 21.85 IS.69 

World 48 763 so 519 S4 607 59 86S 9.6 100.00 100.00 
Percen1age or 
world sales 22 23 20 16 2()11 

Sourc~: World Scn1iconduc1or Trade StaliSlics, Blu~ Book (San Jose, California, January 1993). 
II Average. 



Table IV.72. DaaFS im •amt·~ or-imlld•tor .,.- _..,...., 1910-1996 

Markel share 

Proc:us 1970 1980 1991 199611 
lechnology Charac1eris1ics (pcrccnlage) 

MOS 
PMOS Slow. obsolele 31 s 

NMOS/higher-
frequency MOS Becoming obsolele 2 37 s 

CMOS Mains1rcam 1echnology, 
inberenl difficullics resolved 
(lalch-up, slow opcralion) 2 10 71 81 

BiCMOS Early in its life cycle, offers 
bolb MOS and bipolar advanlages s 

Bipolar 

Emitler·coupled logic Fas1es1 silicon· based process, 
receiving increased allenlion 
while compc1ing wilb gallium 3 3 3 2 
arsenide 

Transislor· lransislor Slow, obsolete 29 8 
logic 

Speed/large-speed TTL Mainstream bipolar logic, under 
prcssun: from MOS application-
specific inlegraled·circuils 7 13 3 

Linear Mainstream analog 1cchnology, some 
compe1i1ion from CMOS, especially 
in analog/digilal converlcrs and 
amplifiers, and gallium arsenide 26 24 IS 9 

Galliun arsenide Cosl compelitive wilh emiuer·coui:;led 
logic 

Soun:~: World Semiconductor Trade S1atis1ics, B/iw Boole (San Jose, California, January 1993). 
If Forecast. 

(a) CMOS 

CMOS technology continues to be more popular than 
other technologies i>ecause of several important advan
tages. including: low power density; relatively good 
noise immunity and soft error protection; low-threshold 
bias sensitivity; d..:sign simplicity and relatively easy lay
out, especially for application-specific integrated cir
cuits; and capability for lower power analog and digital 
circuitry on the same chip. Because of these advantages, 
CMOS is expected to be the technology of choice for the 
VLSI and ULSI products of the future. Just as NMOS 
replaced the slower and more power-hungry PMOS tech
nology, CMOS has now supplanted NMOS. The speed 
and power characteristics of CMOS are major contribu
tors to this increase in market share. In fact, CMOS will 
approach bipolar speeds as lithography techniques im
prove and smaller feature sizes are manufactured. 

(b) BiCMOS 

Because BiCMOS offers advantages over both bipolar 
digital and CMOS integrated circuit~. it will eventually 
replace many bipolar and CMOS integrated circuits. 
These include microprocessor units, bus drivers, analog
to-digital converters, track/hold amplifiers, disk-drive 

controllers, memory controllers, SRAMs, DRAMs. video 
RAMs, programmable logic devices (PLDs), gate arrays, 
and standard cells. The movement to incorporate 
megacell functions on-chip is also helping to spur the 
acceptance of BiCMOS technology for gate array de
vices. Because of the high degree of flexibility of the 
circuit characteristics in BiCMOS technology (that is, the 
ability to use high-drive and high-performance bipolar 
and low-power-consumption CMOS) and the overall 
performance i:dge over pure CMOS, BiCMOS is one 
segment of the market for integrated circuits that is gain
ing in popularity. 

(c) Integrated circuits 

Integration levels have grown continually since the 
invention of the integrated circuit. The MOS integration 
levels have increased an average of 35 to 50 per cent per 
year for the past 21 years. MOS memory devices ULSI 
integrated circuits arc expected to contain over 256 mil
lion transistors by 1996 and over I billion transistors per 
chip are forecast for the year 2000 (50). As the number 
of t~ansistors per die have escalated, the die area of new 
integrated circuits has increased by about 13 per cent per 
year from 1970 to 1992. The trend towards larger die 
si1..es is forecast to continue at that rate into the rr.id-
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1990s. The future sizes for a "tight production resolu
tion .. devk-c have decreased from about 3-microns in 
1980 to about 0.4-microns in 1992. This represents about 
a 15 per cent decrease every year. The trend is expected 
to continue. and feature sizes are forecast to be 0.2-mi
crons by 1996 (51 J. It is interesting to note that by 1996 
I-micron feature sizes will be considered obsolete. Be
cause of its relatively low cost and technical advances. 
optical lithography is now forecast to have a much 
longer life than originally expected. Optical techniques 
will be the mainstream of integrated circuit lithography 
for the rest of this century. 

S. Short- amt JMdilun-tenn outlook 

The world semiconductor mruitet is expected to grow 
at more than 10 per cent per year. with 15 to 20 per cent 
anticipated for 1993. The regional growth rate should be 
uneven. Asia and the Pacific will exceed world average 
growth by a factor of two; meanwhile, the Japanese 
market is likely to remain stagnant. Sufficient quantities 
of semiconductors should be available to !Tlaintain mar
ket equilibrium. However, if the Japanese economy re
bounds quicker than expected, the increased demand will 
upset the equilibrium and thus boost prices, as well as 
triggering a strong move to replenish inventories. The 
recent dramatic changes in regional growth rates should 
lead to a restructuring of the semiconductor market, and 
consequently that of the industry. Lack of domestic de
mand will affect the performance of Japanese compani::s 
and consequently their investment trcnd'i. 

Strong growth of the computer segment should push 
its consumption close to 50 per cent of the tctal world 
semiconductor market. This very high percentage is due 
not only to the strong demand for personal computers, 
but also to the weak demand from the consumer sector. 
The automotive segment should continue to exceed the 
average growth of the whole market. More spectacular 
growth should come from the sales of microprocessors 
and of memories. The underlying forces here arc the 
growth of personal computer production and also of 
portable phones and car electronics (anti-lock braking 
systems. air bags. injection). The bipolar digital catego
ries should continue to decrease a'i a result of technologi
cal replacement by CMOS integrated circuits. The dis
crete market should grow only moderar~!y. 

(a) Consumptio11 

During the past 30 years the world scmiconduc~or 
market has developed with compound annual growth of 
sales close to 15 per cent. During the years 1987 to 1992 
this growth rate declined slightly to 13 per cent. Table 
JV .73 shows a slightly lower annual rate of JO. I per cent 
forecast for the period from 1992 to 1997. This perspec
tive is based on the assum?tion of a general slowing
down of the world economy and declining consumer 
demand with the progressive saturation of the sales of 
electronic equipment and desk-top personal cnmpu''-i·s; 
newly emerging applications such as multimedia com
munication and high-definition video techniques 
(HDVn arc likely to have only a minimal impact on 
demand. The market cycles which occurred regularly 
during the past 30 years are now lessening in magnitude. 
If the market begins to decline in 1995, it should rebound 
by the end of the cycle. 
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Forecasts of changes in regional market shares can 
also be interpreted 1rom table lV.73. It appears that the 
United States share has stabilized. The geographic dis
persion of the electronics industry which contributed to 
the decline of the United States market should slow 
down and even change by the relocation or producers to 
Mexico. The European share of the world market should 
also remain constant. Here the delocalization process 
will be compensated for by production increa'iCS as a 
result of recovery and expansion in Eastern Europe. With 
regard to Japan. the constant increase in labour costs. a 
very high degree of saturation of the internal market and 
increasing competition from other Asian countries 
should clearly slow down the potential for growth in 
domestic electronics and semiconductor production. 
Most rapid growth should take place in the Asia and the 
Pacific region. with a growth rate of 14.7 per cent ex
pected (51). The future of I.hose regions will depend on 
the permanent increase in domestic demand, which it is 
hoped will begin by 1997. 

Table IV.7l. Fonaut snUro9dador marbc pow1• bJ npo• 
or coalllry, 1"1 ... 1"7 

Annual Pcrccn1a&c 
pc:rccn1agc share 

199:? 1997 chan&c 
Rc&ion (billion dollars) 1992-1997 1992 1997 

t:nucd S1a1cs 18.4 29.S 9.9 30.7? 30.41 
Japan 19.4 27.S 7.2 32.39 28.3S 
Asia and lhc Pacific 10.6 21.0 14.7 17.70 21.6S 
Europe 11.S 190 106 19.?0 19.S9 

TOTAi. S9.9 97.0 10.1 100.00 100.00 

Socuu: J.·P. Dauvin. Snni€ond11<11K Maritn Fort:eOSI (l'aris, SGS· 
Thomson 11/11croelcc1ronics. 1993). 

Product growth reported in table JV.74 suggests 
strong gains by memories and microcomponcnts, which 
are expected to represent more than one half of the total 
semiconductor market. Semi-customs should also con
tinue to incre~se their share of the total market to 9.28 
per cent. 

(b) Investment 

From the 1970s to the 1990s capital investment grew 
by 18 per cent per year, a growth rate exceeding that of 
sales. These trends led to permanent overcapacity, which 
clearly generated the 1985 and 1990 market slumps and 

Table IV.74. Forecast semkonduclor marbt arowth bJ proclud, 
1992 and 1997 

Annual Pcrccn1agc 
pcrccn1a1c share 

Type of 1992 1997 Chln&C 

producl (lulhon dollan) 199?·1997 1992 1997 

Mocroproccssorss 13.9 260 13 3 23.24 26.80 
llllcmoriu 14 8 27.0 12.8 24.7S 27.84 
Scmocusrom 4.S 9.0 14.9 7.S3 9.28 
Ana lo& 8.7 ll.O 8.4 14.SS 13.40 
Bipolar d11i1al l.l ?.:?. ·1.2 s.lS 2.27 
MOS losic 4.8 6.7 6.9 8.0l 6.91 
Op1oclcc1ron1cs 2.3 3 I 62 HS l.20 
01sue1c 7.6 10.0 S.6 12.71 10.31 

TC,"f Al. S9.8 97.0 10.2 100.00 100.00 

Souru. J,. P. Dauv1n, s,micono11ctor Mawt Foruast (Pam, SGS· 
Thomson M1croclcc1ron1cs, 1993). 



continuous price decreases experienced by memories. 
such as DRAM. SRAM and erasable programmable 
read-only memory IEPROM). These production capaci
ties were mainly built by semicondm.:tor manufacturers 
in Japan. followed by those in the Republic of Korea that 
stared to invest heavily in 1989. Since 1990, and espe
cially in 1991 and 1992. the sbmp in the Japanese semi
conductor industry and the general slowing-down of the 
world economy has led to a very sharp decrease in in
vestment, leading to undercapacity in 1993 and probably 
during the first half of 1994. The Japanese semiconduc
tor companies should continue to limit their efforts in 
building new capacity. However, companies in the Re
public of Korea, mai1•iy Samsung and Goldstar, will 
continue lo invest heavily in their attempt to displace 
their Japanese competitors in the DRAM memories mar
ket. Overall, the investment of Asian semiconductor 
companies should amount to about 12 per ~ent of world 
capital spending. In Europe, the only semiconductor 
company that should continue to invest heavily is SGS
Thomson; Philips is suffering from the lack of demand in 
consumer goods; and the resources of Siemens are lim
ited because of its continuing losses. 

The expected heavy investment in the Asia and Pacific 
region will make it the third market for semiconductors, 
surpa.~sing Europe in 1993; in particular, China. which 
has begun to invest in the semiconductor industry, offers 
low-c•lsl labour as well as huge market potential. It could 
be that by 1995, 20 per cent of the world·s $12 billion 
investment in the semiconductor industry will be made in 
Asia, 12 per cent of which will come from indigenous 
companies. 

( c) Industry structure 

The outlook can be viewed in terms of the role to be 
played by the major national producer companies. A 
slight increase in the share of Uniteci States companies in 
world semiconductor production is expected as a result 
of their strong presence in microprocessors. A slight 
decrease in share is foreseen for Japanese companies, 
which will concentrate on dedicated integrated circuits, 
leaving the DRAM segment to companies in the Repub
lic of Korea. Expected strong investments in 1994-1995 
in the DRAM and SRAM memories segment, and prob
ably in the FLASH-EPROM segment should enable. the 
Republic of Korea to reach a possible 10 per cent of 
world production ir. 1995. The European companies 
should keep their share constant mainly as a result of the 
potential of SGS-Thomson, with the two other major 
companies regularly losing mar:Cec share on a world ba
sis. Up to 1995 and probably to 2000. no new semicon
ductor company sharing more than 2 per cent of the 
world market is likely to start up. This implies little shift 
in the role of companies in the global market structure. 

J. Power-generating equipment (ISIC 3831)* 

I. Recent trends and current conditions 

Unlike many other engineering sectors, the world 
market for power-generating equipment is benefiting 
from a sustained period of stead' ·"'"Nlh. Historically, 

•trNll>O acknnwlcdgu the con1rilm11r. . " ·' odrew Bax1er, finnn· 
rial Timt'.r. 

the market reached a peak in the mid- I 970s. when more 
than 150 gigawaus (I gigawatt= 1.000 megawatts) were 
ordered in 1974; it then fell to a low point of abt•ut 50 
gigawatts in 1985. At present the world market is around 
the range of 60 to 70 gigawatts, and for the next decade 
major equipment suppliers expect that the level of annual 
orders will grow to reach between 80 and 85 gigawatts, 
or possibly more by the end of the century. To put these 
figures in pe~pective, I gigawatt would be a very com
mon size for a new power station, although stations a.'i 

big as nearly 3 gigawalls have been built by combining 
units. a practice which is becoming increasingly common 
in Japan. 

The foilowing new trends have emerged in the power
generating equipment market over the pa~t three years: 

(a) A booming level of demand for heavy-duty gas 
turbines and large combined-cycle power plants from a 
level of around IO gigawatts a year to over 30 gigawatts 
a year, representing some 50 per cent of global thermal 
power demand; 

(h) A depressed market for hydroelectric power or
ders, which arc down from more than IO gigawatts a 
year to less than 5 gigawaus. Many of the best sites for 
large-scale hydropower generation are already in use, 
and the remaining ones present environmental chal
lenges; 

(c) A new wave of orders in the United States and 
Western Europe, as older, coal-fired plants are replaced 
by cleaner, more efficient combined-cycle generation; 

{d) An almost complete dearth of orders in Eastern 
Europe and the former USSR, with the exception of the 
fonner German Democratic Republic. now part of uni
fied Germany; 

( e) A continuous high level of orders in Japan; 

(j) A stable level of orders in developing countries, 
limited as usual by financial constraints. 

In fact, demand now appears to be shifting from the 
United States and Europe to the countries of the Pacific 
rim [52). This is one of the most important recent trends 
in the industry, but there arc a number of other signifi
cant influences. Across the world, from the United States 
to the United Kingdom and more recently in Asia, the 
customer market is changing, with independent power 
producers or non-utility suppliers in the United States 
and private power producers elsewhere taking the place 
of State-owned utilities. These customers are looking for 
a power plant that is quicker to build and cleaner, thus 
complying with stricter regulations on emissions. Power
generating equipment has always been politically sensi
tive; the large-sized orders have implications both for 
suppliers in terms of their ability to keep their factories 
working, and for clients, in terms of their ability to pay. 
Globally, supplier countries have won orders in regions 
where their political influence is strong, and such li~s 
have continued long after the dismantling of colonial 
empires. There is evidence that some of the ties arc now 
loosening, even in home markets, where Governments 
that owned utilities traditionally placed orders with do
mestic manufacturers. For major suppliers, the overrid
ing effect of the market shifts has been globalization, in 
!iales forces, service centres, manufacturing centres and 
local partners and licences. At lht: same time. suppliers 
have undergone significant restructuring lo reduce their 
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{Werhead costs and retain the financial ability to respontl 
to the new technological and market challenges. Since 
the current market is only about one half that of 1974. 
there was heavy restructuring of the industry in the late 
1980s. 

Recent trendo; in the main markets will now be re
viewed. beginning with Asia. In north-cast Asia there is 
a high level of acti•;ity. with China. Taiwan Province and 
the Republic of Korea all building up their power capac
ity to cope with their various industrial development 
programmes. China. which ha.-; an enonnous develop
ment programme. is building coal-fired. combined-cycle 
nuclear stations. In addition. the country would need to 
invest at least $8.7 billion at 1993 prices in power plants 
up to the year 2lXlO to tackle energy shortages, and was 
ready to allow 100 per cent foreign ownership of power 
stations (531. The South-East Asian market is growing 
dramatically from a small bao;e, and countries such as 
Malaysia and Ind ·esia. which do not have a power
generating equipm-..1t industry. are importing heavily to 
ensure they have enGugh power to cope with the rapid 
economic growth. As such. new power capacity being 
added in Asia is an integral part of the building-up of the 
infra.<;tructure of the region. along with transport links. 

Western Asia remains an important market. with a 
solid ba-;e already installed. In some countries it ha.s al
ready become a replacement market. as the first genera
tion of power stations are replaced by new gas- or oil
fired combined-cycle stations. The Islamic Republic of 
Iran has been growing most strongly in the past two 
years. Following the end of its war with Iraq the country 
has been expanding its power capacity to accommodate 
its plans for industrial development. In Europe the rela
tively new combined-cycle technology has virtually 
eliminated coal-tired generation from new orders. with 
the exception of generating equipment for lignite or 
brown coal now being installed in the eastern part of 
Gennany. as utilities from the western part replace the 
highly pollutive, old brown coal plants. The European 
market, unlike its Asian counterpart, is not being driven 
by any strong demand for extra power capacity. Rather, 
it is being driven by technology. and by the availability 
of finance to build new, cleaner plants to replace old, 
coai-fired stations. The situation is similar in the United 
States, where available technology will replace old tech
nology (52). In Latin America, the market was depressed 
during the 1980s because of the debt crisis. But now 
there are signs of economic recovery, based on more 
disciplined macroeconomic policies, which could lead to 
the fulfilment of some of the pent-up demand for new 
power capacity. 

(a) Production 

As for the production of power-generating equipment, 
th-: main centres remain in developed market economies, 
where major generating equipment suppliers have their 
main factories. The market shares for major turbine-pro
ducing countries are given in figure IV .26. Eastern Eu· 
ropean countries still have important production capac
ity, at present underutili1.ed because of the recent lack of 
orders. Developing countries have production capacities 
to satisfy an increasing portion of their basic needs (no
tably China, India, Mexico and Republic of Korea). but 
their aggregate capacities do not represent more than 20 
per cent of world production (521. 
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Figure IV.26. World's major turbine-producing 
countries, 1985-1989 

T Olaf 539 272 megawa11S 

~- Power plant diltabase :ii lhe Soence Policy Research Unot. 
Sussex University; The World Matbt 1M 1-feawy El«ttQI Equipment 
(Sutton. United Kingdom. Nuclear Engil-mg lrtlernPonll. 1990). 

Table IV.75 shows how the balance of production of 
turbine generators has changed since 1955, with produc
tion in North America dropping from 48.43 per cent of 
the total recorded between 1955 and 1964 to 16.21 ;>er 
cent between 1985 and 1989. In contrast, the share of 
Japan has risen from 7.39 to I0.97 per cent over the 
same period, while that of India has climbed from zero 
to 3.14 per cent Table IV.76, which lists the top sup
pliers over the periods considered, reflects these trends. 
It is noticeable. for example, that BHEL (Bharat Heavy 
Electricals Limited). the dominant Indian supplier, enters 
the 1985-1989 rankings in ninth position. These tables 
predate some of the large r.lCrgers of the late 1980s 
which created the United Kingdom and French company 
GEC Alsthom and the Swiss-Swedish Asea Brown 
Boveri. With regard to average market shares in gas 
turbines for 1989-1991, General Electric claims 22 per 
cent of its parent share, and another 34 per cent for its 
business associates and licensees. This is followed by the 
Westinghouse/Mitsubishi alliance, with 15 per cent of 
the world market, Siemens of Gennany. with 11 per cent, 
and Asea Brown Boveri, with JO per cent (52). This 
leaves only 8 per cent for other producers. For !'iteam 
turbines, market shares in recent ) :ars have been ap
proximately as follows: Westinghouse/Mitsubishi. 14 per 
cent; General Electric, 13 per cent; Asea Brown Boveri, 
I 0 per cent; GEC Alsthom, 9 per cent; and Siemens. 
8 per cent. This leaves 48 per cent for other producers, 
showing how much more fragmented the more tradi· 
tional, dl"veloped market for steam turbines is. 

(b) lnt,rnational traJ, 

Tahle IV.77 shows world export markets by region of 
generator installation, and with the exception of the 
United States, divides the world into count!) si1.es, with 
or without a heavy ele('trical industry. It is noticeable 
that the United States market has become much more 
international over the periods covered. Between 1955 
and 1964, only 2 per cent of its needs were covered by 
imports, but this rose to 19 per cent between 1985 and 
1989. Conversely, the table shows how large countries 
with their own heavy-equipment indu!'itry have become 



Table rv.7S. World pniductioa ol turblae peenton, 1955·1919 
(Me1n11t11) 

Perccn111e Percen111e Percen111e Perce111111 Peroatlql 
Economic aroupin&. Procluclion ab are Produclion a hare Produclion aha re Produc1ion ah are Produc1ion ah are 

reaion or counlry 19SS·1964 19SS·1964 196S·1974 1965· 1974 1975· 1984 197S·1984 19U·1989 19U·1989 Total 1955-1989 

North America 114 144 48.43 224 060 41..52 191 754 31.22 87 429 16.21 617 914 31.47 
Japan 17 421 7.39 76 065 14.10 104 244 16.97 S9 169 10.97 2S7 199 13.10 
Germany 22 182 9.41 49 830 9.23 67 044 10.92 62 278 11.SS 210 431 10.72 
Uni1cd Kin&dom 31 322 13.29 S7 295 10.62 38 904 6.33 34 369 6.37 162 014 8.25 
France 11 132 4.72 28 490 S.28 46 829 7.62 47 470 8.80 136 160 6.93 
Swiu.erland 8 OBS 3.43 21 693 4.02 21 752 3.54 25 406 4.71 77 834 3.96 
Italy s 668 2.40 17 730 3.29 22 745 3.70 17 060 3.16 64 764 3.30 
India . . 1 744 0.32 20 729 3.38 16 909 3.14 39 382 2.01 
Other Europe 4 389 1.86 14 347 2.66 11 629 1.89 4 084 0.7~ 35 Ul 1.83 
CMEAll 2SO 0.11 3 799 0.70 11 220 1.83 16 065 2.98 32 026 1.63 
01ber 6 S97 2.80 18 562 3.44 20 034 3.26 8 516 1..58 53 709 2.74 
Unallocated . . 2 571 0.48 6 436 I.OS 19 710 3.65 31 216 1.59 
Unknown 14 SU 6.16 23 453 4.3S so 843 8.28 140 807 26.11 24S 000 12.48 

--- -- --- -- --- -- --- -- -
TOTAL 235 701 100.00 539 639 100.00 614 163 100.00 539 272 100.00 1 963 502 100.00 

Sowct: Power plant database of lhe Science Policy Research Unit, Sussex University; T1w World Markl1 for Htavy Eltctrlcal Equlpmtnt (Su11on, Uni1ed 
Kin&dom, Nuclear Enaineerin& ln1ernational, 1990). 

II Former Council for Mutual Economic A11i11ance. 
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Table JV.76. World's "'*'r produffn of tvrtliM ••raton, 1955-ltlt 
(Mepwatts) 

Percentage Percentage Percentage Percentase 
share share share share 

Company and country 19SS-1964 Rank 19SS-1964 196S-1974 Rank 196S-1974 J97S-1984 Rank J97S-1984 1985-1989 Rank 191LM989 

General Electric (United Slates) 63877 l 36.14 112 838 1 27.43 99 491 l 20.82 Sl 103 l J l.3S 
Siemens (Germany) 10 984 3 6.21 28 OS9 3 6.82 44 474 3 9.31 4S 296 2 10.06 
Alstbom (fnnce) s 401 10 3.06 18 S21 9 4.SO 39 222 4 8.21 40 374 3 8.96 
Mitsubishi (Japan) . .. . 24 SSS 7 S.98 38 167 s 7.99 33 297 4 7.39 
BBC (Swiizertand/Germany) 9 oos s S.09 27 936 4 6.79 32 88S 7 6.88 31 834 s 7.07 
Wes1i~ (United States) 34 6S6 2 19.61 86 969 2 21.14 69873 2 14.62 28 677 6 6.37 
GHC (United Kift&dom) . . . .. . 18 133 JO 3.80 2.5 774 7 S.72 
T<llhibl (Japan} 6S79 8 3.72 um s 6.Sl 37 740 6 7.90 2S 018 8 s.ss 
8HEL (India) . .. . . .. . 20 269 9 4.24 16 348 9 3.63 
Hitachi (Japan) s 792 9 3.4.8 23 S22 8 S.72 26 673 8 S.S8 11 888 10 2.64 
NE1 (United Kiqdom) 10 S99 4 6.00 26 641 6 6.48 
Allis QiaJmeis (United States) 8 240 6 4.66 
f'.n&tisll Electric (United Kift&dom) 7114 7 4.02 
GE (Cauda) . .. . 12 136 10 2.9S 
Uat.aown 14 Sll .. 8.21 234S3 .. S.70 so 843 .. 10.64 140 807 .. 31.26 

-
TOTAL 176 7S8 100.00 411437 100.00 477 770 100.00 4SO 416 100.00 

S-U: Power p&aat database of the Science Policy Raearch Unit, Suuex Uniwisity; Tht World MarMI for H""'Y El«trlcal Equipmnll (Sutton, United KinpSom, Nuclear En&incerin& 
hltematioaal, 1990). 
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Tllble JV.77. World export market for power •nenitloa by repon of •••rator Installation, 1955-1'89 

1955-1964 l96.S0 1974 1975-1984 1985-1989 To1al 

Pem:ntage rem:ntagc Percentage Percentage Percentage 
Markel Megawatts of needs Percentage Megawatts of needs Percentage Megawatts of needs Percentage Megawatts o( needs Percentage Megawatts of needs Percen1age 

categorylf imported imported of trade imported imported of trade imported imported of trade imported imported or trade imported imported or trade 

2 214 2 4.71 14 862 7 10.64 2.5 679 14 12.20 IS 239 19 8.06 S7 994 10 9.70 

II 7 220 11 15.lS 8 070 5 5.18 4 931 3 2.34 3 640 3 1.93 24 261 5 4.06 

m 2 680 29 5.10 4 250 23 3.04 3 240 20 1.54 1 496 43 0.79 12 210 25 2.04 

JV 13 305 89 28.29 38 289 88 27.40 49 221 9S 23.38 43 861 100 23.21 146 824 94 24.56 

v 13483 69 28.67 45 284 6S 32.41 56 015 54 26.64 54 385 64 28.78 169 855 61 28.41 

VI 8 132 100 17.30 28 915 100 20.74 71 384 100 33.91 70 l52 100 37.23 186 748 100 31.23 

-- -- -- -- -- -
TOTAL 47 034 21 100.00 139 730 27 100.00 210 530 37 100.00 188 973 47 100.00 591892 JS 100.00 

Sowct: PoM:r plant database of the Science Policy Research Unit, Sussex University; TM World Markn for Htavy El«trical Equipmtnt (Sutton, United Kingdom, Nuclear Engineering International, 
1990). 

Nofts.: Totals column includes a small number of sets for which no commissioning date is available; and calculations of megawatts imported and percentage of needs imported include only capacity 
for which a supplier has been identified. 

JI I - United SC.IC$ 
II - large countriC$ with heavy electrical industries, excluding the United States 
m - small countries with heavy electrical industries, such as Sweden and Switzerland 
JV - developed countries with no heavy electrical industries, such as Australia 1nd Belgium 
JV • large countries witb ~rtic:al heavy electrical industries capability, including Brazil, Canada and India 
VI - developing countries with no heavy electrical industries 



even more dependent on domestic suppliers than in the 
past. When so much dcpends on individual orders. there
fore. it is hardly surprising that there arc a number of 
trade issues in the power-generating C\IUipmcnt industry_ 
United States suppliers ha,-e long complained that it is 
impossible for them to sell steam turbines in Europe. 
while some Eumpean suppliers say that Japan is a very 
difficult market to gain 3Cl."CSS to_ Ra"Cntly. there ha.'i 
been some opening-up in C\luipmcnt markets_ In the 
United Kingdom. privati1.ation of the elcc.'1ricity supply 
industry led almost overnight to the internationali1.ation 
of C\IUipmcnt supply. all of which had previously l."OlllC 
fmm the old Gc~ral FJectric Company power business 
(now part of GEC Alsthom) and Northern Engineering 
Industries_ Customers who now appear to be free to or
der internationally have given major contracts to Asea 
Brown Boveri (which ha'i a United Kingdom joint ven
ture with NEI for the United Kingdom market). Siemens 
and GEC Alsthom. 

Similar developments arc likely to occur to the same 
extent in continental Eumpe. and indeed markets arc 
already opening up in Gcnnany. The often close relation
ship between utilities and their suppliers may be swept 
away by the l.-Ontroversial EEC utilities directive. which 
came into fon:e in 1993 :L'i part of the single market 
programme. This obliges public utilities to hold open 
tenders for big power contracts. Non-EEC suppliers were 
worried about two so-called fortrcso;-Europe provisions; 
customers can reject a bid with less than 50 per cent of 
European content. and must prefer a European bid where 
it is r:o more than 3 per cent higher than the best bid 
from oversea.-;. In early 1993. however. a trade agree
ment between the United States and EEC waived these 
rules for United Stales power plant suppliers. It is worth 
pointing out. however. that the network of alliances and 
licensing agreements set up by companies such as Gen
eral Electric provides a way or doing business in coun
tries that might otherwise be closed. Similarly. the crea
tion of companies such as Asea Brown Boveri provides 
national manufacturing presence in major EEC markets 
under a global umbrella. even though the company is 
technically bao;ed outside the EEC. 

(c) Profits 

As for the profitability of the industry. it is difficult to 
identify a clear trend on prices because almost all instal
lations are tailor-made 1521. Global demand is growing 
and involves new requests for clean technologies. high
perfom1ance equipment and good reliability. At the same 
time suppliers have reduced their excess capacity and 
rationali1.ed their facilities to allow for a better supply 
and demand balance, reducing employment in the devel
oped countries. The consequence should be better pro
ductivity and profitability, even if stiff competition does 
not permit a large increase in the market price level. 

2. Markets and corporations 

The power-generating equipment industry has reached 
a crossroads, with market.'i in developing countries be
coming the most important in the next decade. Allention 
is focused on the fast-growing economies of Asia, but it 
is important not to forget countries with ambitious indus-
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triali1.ation plans such as the Islamic Repuhlil; of Iran. 
El~whcrc. the Latin American market for power-gener
ating C\IUip~t is also reviving. a_-; countries such ;is 
Brazil emerge fmm the financial difficulties of the mid
I 980s. In short. the important countries and arca.'i arc 
those which arc inJu..-;trializing \·cry 4uickly: Argentina. 
China. India. Indonesia. Mexil.·o. Republic of Korea. 
Taiwan PnJ\-il'l\.-c. Thailand. Turkey and others. Other 
countrie~ with fewer growth perspectives have limited 
needs for power. and represent less than 3 per cent of the 
world power-generating C\luipment market .. 

The ma-tet for power-generating C\IUipmenl in de\·el
oping countries is dominated by pnxi!K."Crs in devcioped 
madet economies. and the size of power plant orders 
puts financial strain..-; on even the strongest economies_ 
Consequently. the stru\.'1Ure of the market is changing. 
with privatized power and schemes like build-own-oper
ate or build-operate-transfer emerging in a number of 
countries. The market is also quite clearly becoming 
more open. with some of the historical ties that linked a 
country lo an equipment supplier in a developed market 
economy now being loosened. This is happening because 
countries. particularly those in South-Ea.o;t Asia. have 
developed well beyond the category whefc they would 
be eligible for aid financing. Thus, more suppliers are 
encouraged 10 bid for contract-;, which can be decided 
more on a technoeconomic basis than on political or fi
nancial considerations. A furthe1 factor creating a cli
mate of change. a-; well a-; growth. is the environmental 
issue. Although public concern over issues such a..'i the 
greenhouse effect is not nearly so strong in developing 
countries a'I in developed market economies. there has 
recently been a spate of orders in Asia for combined
cycle gas turbine power stations, albeit due as much to 
the availability of gao; a..o; to environmental issues_ 

Among the different markets in developing countries 
over the past 30 years, the Asian market has blossomed 
as the centre of demand for electric power in the coun
tries of the Pacific rim has shifted southward from Japan 
to Indonesia, Malaysia. Repuhlic of Korea, Taiwan 
Province and Thailand. Since the 1970s the rate at which 
new generating capacity is installed in Asia has tripled. 
whereas in western Europe and North America it is 
running at two thirds of the former levels 1521. The 
Asian Development Bank forecasts that a further 
300,000 megawatts of generating capacity wili he re
quired during the 1990s, in addition to about 500,000 
megawatts of installed capacity (541. 

Japanese suppliers have taken a rapidly increasing 
share of the Asian market, and are now the dominant 
exporter to the region. Rapid economic growth in the 
Commonwealth countries has allowed the United King
dom to regain some market share, and the adoption or 
comhined-cycle technology. in which United Stales com
panies are strong. has expanded sales in that country. 

Overall, it has been estimated that the three major 
Japanese companies (Mitsubishi Heavy Industries, 
Toshiba and Hitachi) have supplied ahoul 25 per cent of 
power plant capacity exported lo the region. Rue the 
highest individual share of the export market is held by 
General Electric, with IR per cent, and CiEC Alsthom, 
with 16 per cent. There are wide variations from country 
lo country because of historical and political reasons, and 
al~;o because of the availahility of local suppliers. In 
China, for example, holh GEC and Alsthom merged their 
power engineering industries. making their new com-



pany the leading devdopcJ-mariel-cconomy exporter or 
power plants. wilh China as its most import:mt export 
mart.et. HoWC\"Cr. at least 40 per cent or the installed 
capacity or China ha.'i been supplied in the pa.'i~ by its 
lt>eal State-ow~ industry. which maintained self-suffi
ciency in coal-fired generating equipment until lhe early 
1980s. Since then. the country is becoming more open; 
it plans lo in.'itall 12.CXlO to 15.000 megawatts of gener
ating capacity a year. and needs a.-.sistancc from de\·el
opcJ market a.-onomies to achieve lhis. The four big 
suppliers in China are based at Beijing. Dongtang. 
Harbin and Shanghai. In the Republic or Korea. in con
tra'il the important historical mart.ct suppliers have been 
General Electric. GEC Alsthom. Asea Brown Boveri. 
Westinghouse and Hitachi. The biggest local prodll(.--cr. 
Korea Heavy Industries. ha.'i not been significant histori
cally. but is growing fast. and has recently entered coop
eration agrcemcnL'i with western suppliers. In Indonesia. 
there is no domestic producer of power-generating 
equipment. and lhe mart.et leaders are MiL'iubishi. 
Toshiba and General Electric. 

A.part from China and lhe Republic of Korea. India is 
the only olher country that is a significant producer of 
power-generating equipment. Indeed. China (with its 
exports of power equipment 10 Pakistan) and India (with 
exports to Cyprus) are believed to be the only Asian 
suppliers selling their equipment abroad. Chinese com
panies also participate with developed-mart.et-economy 
suppliers in ventures oversea.'>. An example is the 
Magellen project for two fossil-fuel steam plants in the 
Philippines. in which Westinghouse and Shanghai 
United Electric cooperated. The Indian industry is domi
nated by the State-owned Bharat Heavy Electricals Lim
itcJ. which with 67.000 emrloyees may be losing its 
competitive edge. Almost all of its production goes to the 
domestic market. but it is not in a position to supply the 
entire market. Because India still needs soft loans to fi
nance much of its development. equipment ha'i to be 
imported from the lending country. The only possibility 
to advance Bharat Heavy Electricals Limited has been 
linked 10 foreign investment. 

The Latin American market is by far the most signifi
cant market for hydroelectric equipment in the world. 
With a rapidly expanding population. low per capita 
electricity consumption and a wide range of natural re
sources. these countries have considerable market poten
tial. But chronic debt problems have made such a capital
intens;ve sector as power plant supply a difficult one in 

which to operate. According to one source, Japan made 
substantial inroads into the hydroelectric plant market in 
the 1960s and 1970s. but European ?roducers have 
fought back strongly in international consortia and 
through local subsidiaries [55). Producers from countries 
of the former Council for Mutual Economic Assistance 
have also gained a significant market share, and North 
American producers have maintained their pre.;ence. 
Generally. the local equipment industry is not at the fore· 
front of technological capability. There was. until re
cently. a tradition for countries to deal directly with for· 
eign suppliers. Rut both Siemens and Asea Brown 
Boveri have built power equipment factories in Brazil, 
and as the economic problems of that country ease. Asea 
Brown Boveri finds that it can import raw materials and 
export products such as hydroelectric generators to 
neighbouring countries such as Argentina, Colomhia and 
Vene1.uela. In Mexico, the principal local manufacturer 

is Turalmuin. GEC Alsthom. which prc,·iously owned 
only 49 per '"--cnt. has taken full ownership of the fim1. 

The market in Western A'ia is another important area 
for fofCign equipment suppliers. There is no indigenous 
industry. apart from subsidiaries of dcve!opcd-madet
economy suppliers; for example. A~a Bmwn Boveri as 
a whole ha.-. ahout 2.000 employees in Saudi Arabia 
Although oil-related income means that financing orders 
is not such a large problem as in most developing coun
tries. polirics influence the choit.-e of suppliers. Since lhe 
Persian Gulf war of 1991. Iraq no longer has access to 
western equipment; However. the Islamic Republic of 
Iran is investing heavily in rebuilding its industries fol
lowing its war wilh Iraq. No supplier has established a 
very strong position apart from Japan, and the main trend 
in recent years has ~n the decline of North American 
suppliers and lhe cor-csponding rise in producers in the 
fomtcr CMEA (55). 

Equipment trends n developing-country markets are 
also changing as the mart.els themselves evoh·e. Coal
fired generation remains an important option in countries 
such as China. The Shajiao coal-fired power station in 
China reflcct'i this phenomenon. and it can be found in 
olher developing countries. In 1992, a consortium led by 
GEC Alsthom. which included Slipform Engineering and 
Asea Brown Boveri Combustion Engineering. won a 
turnkey contract to build the large 1.3 IO megawatt 
project in China. expanded only a few weeks later to 
1.980 megawatts. The Shajiao site will supply much
nceded power for the industrial development programme 
of Guandong province. When completed in 1995. the 
project will be the largest independent power plant in 
Asia. It will be managed by a joint venture between 
fJuangdong General Power Company and Hopewell En
ergy. part of lhe Hong Kong property group Hopewell 
Holdings; the venture will own, operate anJ maintain the 
plant for 20 years. 

But combined-cycle power is also making inroads. 
There ha'i been a spate of orders for such c:quipment in 
Indonesia. Malaysia and Thailand due to the availability 
of natural gas, but combined-cycle gas turbine has also 
been selected because of its relatively short lead-time. In 
June 1992. the GEC Alsthom subsidiary European Gas 
Turbines won a turnkey order for a 110-mrgawatt com
bined-cycle power station at Shantou in China. The 
equipment will be ready for use by 1994. allowing the 
plant lo meet the urgent need of Guandong province for 
additional electricity. Other suppliers such as Siemens, 
Westinghouse and Asea Brown Boveri have also ben
efited from the trend towards combined-cycle gas tur
bines, with orders from Egypt, India, Iran, Islamic Re
public of, Philippines. Republic of Korea and Tunisia. 

The hydroelectric market has been quieter recently, 
the largest contract of the past two years being the $1.25 
billion order won by a consortium led by Asea Brown 
Boveri for the Karun Ill hydropower plant in the Islamic 
Republic of Iran. But there are also opportunities for 
overhauling and retrofitting. Asea Brown Boveri again 
was involved in a consortium which in 1991 won a con
tract of about S 140 million to moderni1.e the hydroelec
tric plant at the Aswan Dam in Egypt afler three full 
decades of uninterrupted power generation. 

As for the nuclear industry, developing countries and 
areas such as Taiwan Province and the Republic of Ko
rea face the brightest immediate prospects. Taipower, the 
State utility of Taiwan Province, recently decided to go 
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ahead with its long-delayed fourth reactor. a two-unit 
complex •lf 2.500 megawatts. In September 1992. the 
Republic of Korea placed a $1150 million order for two 
700-megawatt Canadian deuterium uranium reactors to 
be supplied by Atomic Energy of Canada and other com
panies in Canada and the Repubiic of Korea. China has 
also committed to adding more nuclear power. and 
longer-term prospects are improving in Indonesia and 
Malaysia. 

Most of the generating strategies in de,·eloping coun
tries and areas con'>titute e\·iJence of increa.,.ing flexibil
ily in financing arrangemcnls as ~uipment suppliers put 
together international consortiums to bid for work. Many 
of the recent big contracts in Soulh-Ea.st Asia have been 
largely Japanese-financed even though the most impor
tant pieces of equipment ha,·e come from European sup
pliers. There ha\·e also been some encouraging examples 
of cmss-border cooper.ilion. In October 1991. General 
Electric Power Gener.ition won a S60 million contract 
with the Uniled Stales branch of Sumitomo, the Japanese 
trading house. for the sale of three ga.s turbine generators 
for a plant in Indonesia. Financing came from EID/MITI 
of Japan and the United States Export-Import Bank. 

Another related new development is private sector 
power. Apart from the above-mentioned Shajiao project. 
private-sector power generation is on the agenda in In
dia. Indonesia, Malaysia. Pakistan (with its 1.292 mega
watt Hab River project), Thailand and Philippines to 
provide an alternative financing source to that of nalional 
Governments. the World Bank or the Asian Develop
ment Bank. For the equipment industry, this is likely to 
mean a further boost for their combined-cycle business 
because of the shorter lead-times. In Malaysia the inde
pendent power producer Sekap Power reached a prelimi
nary agreement in early 1993 lo build a 1.300 megawatt 
combined-cycle power station at Lemu1 on the west coast 
of Malaysia at an estimated cost of $1.28 billion. YTL 
C'orporalion Berhad. in cooperation with National Power 
of the United Kingdom. has already reached a prelimi
nary agreement lo build two gas-fired power stations 
with a combined 1.000 megawau capacity. Construction 
will follow on a build-own-operate basis. Private power 
is also emerging in Latin America; a company based 
in Washington, D.C .. K&M Engineering and Consulting 
Corporation, is developing the continent's first private 
power project capitalized on a non-recourse project 
finance basis. The project is a JOO-megawatt, gas-fired 
facility 10 be constructed at Cartagena, Colombia. 
Westinghouse also has been awarded contracts for more 
than $50 million lo supply. operate and maintain a 100-
megawatt power plant in Argentina. The plant. to be 
supplied lo Compaiiias Asociadas Petroleras, is the first 
greenfield independent power project to be developed in 
Argentina. 

The siz.e of power plants and the consequent lumpi
ness of financing needs. makes it highly sensible for 
developing countries to allow alternative ownership 
structure.~. Private schemes, however, can present a di
lemma for equipment suppliers. For instance, should 
they participate fully in huild-own-opcrate schemes 
which could tie them to a project financially for 20 or :m 
years? It is douhtful that an equipment industry would 
want lo hecome a utility; a supplier may be asked to lake 
an equity ~hare in a plant while it is under construction. 
but it would want to sell its slake once the plant is in 
operation. 
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J. Capaciq utilivllion tuUI ~xpansion plans 

While major power equipment proJucers arc seeking 
markets in developing countries. the majority or the ca
pacity to produce equipment is in tk\·eloped countries. 
The industry is one of the oldest engineering sectors, and 
o\·er the past century most countries of Eumpe and North 
America have supported the industriali1.ation effort of 
the power plant supply industries. However. domestic 
generating needs have diminished sim.-e the 1970s. and 
tkspite the recent limited recovery. excess capacity still 
exists in de,·eloped market economies. In particular. a 
relative decline in the use of very large steam turbines 
for conventional fossil-fuel power generation a.s well as 
nuclear power generation has caused plant closures in the 
equipment industry. It hao; not been considered practical 
or desirable to switch steam turbine factories to the 
manufacture of ga.s turbines. Excess capacity ha.s been a 
particular problem in Europe. bringing on a series of 
major mergers in the late 1980s. The EEC ha..o; found 
manufacturing capacity utilization rates a..s low a'i 60 per 
cent. and in the boiler manufactilring sector capacity uti
lization averaged 20 per cent (56). This situation appears 
10 have improved more recently. Most equipment suppli
ers in Europe and the United States have drao;tically re
duced their manufacturing capacity through consolida
tion, mergers and rationaliz.ation. However. in certain 
specific area." such as small steam or ga'i turbines and 
conventional boilers. there are still too many suppliers, 
and therefore overcapacity remains. 

Naturally, the trend towards reducing production ca
pacity is aimed al lowering the fixed costs of the industry 
and thus improving profitability in a sector where profit 
margins are traditionally tight. Conversely, however. 
another very important trend in the industry in recent 
years. a much needed improvement in productivity, has 
had the effect of increasing manufacturing capacity. 
Customers are requiring better and quicker service from 
the industry. which ha'i responded by introducing new 
management and new manufacturing technologies to re
duce cycle times (lhe time between the receipt of an 
order and delivery to the customer) and to increase prod
uct quality. For example. cycle times al General Electric 
for certain replacement parts have been cut by more than 
80 per cent, and overall by 25 to 50 per cent (521. These 
achievements are not only important from a competitive 
point of view. they also help cul inventory or stock levels 
and thus reduce working capital. 

>\sea Brown Boveri has also experienced profound 
changes in its manufacturing processes and in its use of 
factory automation. lnfonnation-based technology is the 
key to reducing working capital, and its so-called T50 
strategy in Sweden is aimed al halving all lead-times. 
This is being done hy decentralizing work activities and 
widening individual worker skills within teams. and has 
required close cooperation with trade unions. Although 
this programme covers the full range or Asea Brown 
Boveri activities, including non-power-related equip
ment, ii is the power business which has the most to 
gain. 

In the llnited Kingdom. too, recent developments have 
shown that raising productivity and product quality in 
older power equipment plants requires allention hoth to 
manufacturing methods and soft issues such a'i employee 
involvement. One of the best examples is GEC Alsthom 
Large Machines in Rughy. A site that has been produc-



ing elC\.'"trical products since 1902. the company ha." dou
bled its sales per employee through an ambitious em
ployee development programme that iocorporates tolal 
quality management and multi-skilling. The pmject in
volved the complete redesigning of factory layout anJ 
introduction of new products and equipment. After 130 
person-years of planning. lead-times and inventories 
have been halved and volumes increa.<;ed by 60 per cent. 

New demand for equipment has also appeared; one 
good example is the recent change in the world"s largest 
ga.'i turbine plant. namely the General Electric facility at 
Greenville. South Carolina. The dearth of orders in the 
mid- I 980s persuaded General Electric to end gas turbine 
manufacture at ils plant at Scheneclady. New York. 
which now concentrates on steam turbines. At 
Greenville. it decided to concentrate on the core tech
nologies of gas turbine manufacture. turbine blades. 
buckets, combustion hardware and noules. Basic un
machincd ca.'itings. forgings and cao;ings are sourced 
worldwide. including in Japan. and the worldwide busi
ness ao;sociates of General Electric supply many turbine 
parts. The company found that it could very quickly re
du::c the cycle time for a turbine blade from 26 to 13 
weeks through the introduction of new technology. but 
heller management ha'i now reduced the cycle time 
closer to ;; target of two weeks. 

The experience of General Electric illuslr.ltcs some 
important ao;pects of current manufacturing strategy in 
the power equipment industry. The days when compa
nies used I manufacture all but the tiniest components 
in-house. including their own forgings. have long gone. 
International equipment networks are already heing used 
for component supply. and there is a worldwide trade in 
parts. although major companies still prefer to manufac
ture the critical components themselves. A dilemma ex
ists because. on the one hand, there is a tendency to keep 
manufacturing in company plants in order to maintain a 
proper workload. However. on the other hand, for rea
sons of competitiveness. there is a growing curiosity 
about where to find lower manufacturing costs. GEC 
Alsthom. for instance. sources parts or materials from 
countries where it has no manufacturing facilities (521. 
Low-wage countrie-; may be considered. provided it can 
find the proper manufacturing and delivery quality. 

The acquisition of Eastern European power equipment 
companies by companies such as Siemens and Asca 
Brown Bovcri also opens the way to component supply 
arrangcment'i. In the short term their purchases have in
volved the acquisition of at least temporary excess ca
pacity, since the expected resurgence of local markets in 
these countries has not happened. But companies arc 
already heing used to supply parts to factories of Asea 
Brown Boveri and Siemens in Western Europe. GEC 
Alsthom, too. may he searching for new places to source 
parts. including some Eastern European countries. But it 
would not be sourcing complete units. 

4. Re.flructuring and redeployment 

Licensing agreements, joint ventures and mergers 
have been an integral part of the power-generating equip
ment industry. albeit within countries rather than across 
borders. The past five years have seen a sharp accelera
tion in the internationalization of the slmcture of the 
industry, as producers respond to sweeping changes in 

the market iL'IClf. to the e\·er-incrcasing costs of technical 
development and the need for access to the latest tech
nology. to the demanJs of pan-Eun>pe-m and global 
manufacturing. anJ to the problem or rr.anuf:k.-turing 
overcapacity menlioned in the previous SCl":tion. A fur
ther factor. which may have been a catalyst to the pro
cess of restructuring currently ulidcr way. has been the 
consolidation of pressures lo liberali7..e world trade in 
power plants. Conversely. the continued existel'k.-c of 
trade barriers is a powerful spur to the formation of 
manuf:k.-turing agreements and joint ventures. giving 
companies a presence in a market that would otherwise 
not be available. 

Three main factors arc considered important in re
structurir.g the heavy electrical equipment indusuy (551. 
First is the increa.'ling effa.1.ive si7..e. Raising the mini
mum size and weight of a company brings sufficient 
resources and expertise to activities such as R and D 
and marketing to allow a company to be competitive. 
SeconJ!y, access to markets is essential. For most com
panies. home markcL'i can no longer be expected to pro
vide sufficient business to sustain their capacity, even if 
;t could be as.'lumed that home suppliers would retain 
their privileged access to them. Companies arc therefore 
looking for panncrs that will give them a'i a worldwide 
a presence a-; possible. In particular. companies ooLo;ide 
the EEC regard a presence in the EEC as vital, given the 
potential threat posed lo them by the single market re
forms introduced in 1993. Thirdly. access to technology 
must exist. The rapid swing away from conventional 
steam plant and the declining popularity of nuclear plants 
haoi; left a number of companies unable to compete in 
potential growth areas. particularly in gaoi; turbines. Com
panies that lacked the capability to produce this equip
ment have soughl agreements that enable them to offer it. 
The most important new cap;.bility appears to be large 
heavy-duty gas turbines and the a-;sociatcd technology 
for intc)?rating them into combined-cycle power stations 
(see helow). A summary will now be given of how these 
fact ... ·' have worked themselves out in three major forms 
of restructuring. 

(a) Mrrxer.f and OKreement.f invnfring We.ftem 
pmduet·rs 

The approach of General Electric of the United States 
represents the broadest and most diverse use of the vari
ous types of partnerships available between individual 
companies in this industry. The combination of strategic 
alliances and world-leading technology. especially in gaoi; 
turbines. enabled General Electric and its partners to re
ceive 61 per 1.:cnt of the available orders worldwide for 
comb•1stion turbines in 1991. The company has a world
wide network of 57 business associates and licensees, 
including 10 business associates in gas turbines. As a 
general rule, General Electric brings its technology to the 
agreement. and the other party manufactures the equip
ment for a local or regional market. Bui some of its 
agreements are on a much more equal footing, albeit 
designed partly to give General Electric access to other
wi'IC clo .. ed markets. In East Asia, General Electric re
cently signed a new agreement extending a long·l~rm 
manufacturing a""ociation with Hitachi that has been a 
key factor in introducing General Electric gas turbines lo 
Japanese utilities. The new 15-year agreement estab
lishes a joint development hoard and allows Hitachi lo 
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manufik:lun: the newest and most ad\·anced turbines l.•f 
General Electri.:. 

In Eumpe. Gc:neral Electric ha. .. established three nl3-
jor alliances in the pa.st lhn:c yeMS lo o\·en:omc lr.tde 
barriers. First. il ha..o; -.igned a manufacturing and market
ing agn:cmenl with Blohm and Voss. a Gc:nnan machin
ery manufacturer. The= two companies will offer steam 
lurhine and combined-cycle power plants for the Eun>
pean nwkc:t. Secondly. il ha..o; made a series of agree
ments with Elin Energie\·ersorgung of Austria. covering 
technology transfer. cooperali,·e de\·elopmenl and pn>
duclion of new gener.alor models. Thirdly. General Elec
tric took a 10 per cent slake in European Gas Turbines. 
a subsidiary of GEC Alslhom. This relationship has been 
particularly important for both Gc:neral Electric and GEC 
Alsthom. The most powerful ga." turbine in the world. 
the 50-hertL MS9CXH F. was designed by Gener.al Electric 
and de\·eloped in conjunction with Eumpean Gas 
Tt•mine. 

The creation of GEC Alslhom in 1989. meanwhile. 
was one of two large and important mergers th.al have 
changed the face of lhe Eumpean power-generating 
equipment industry. The combination of the power and 
lr.ln.o;port companies of the General Electric Company of 
the United Kingdom and Akatel Alslhom of France was 
aimed al addressing all the key restructuring factors 
listed above. There wa.s remarkably little overlap be
tween the two companies in terms of product, and with 
the General Electric link. GEC Alsthom can offer a re
markably wide range of turbines. The only major area of 
overlap between the companies wa.o; in steam turbines, 
and the need for rationalization of excess capacity in this 
area was one of the key factors behind the merger. 

It was also an element in the other big European 
merger in 19H8 which created Asea Brown Boveri from 
Asea of Sweden and Brown Boveri of Switzerland. Asea 
Brown Boveri is now the largest electrical engineering 
company in Europe. and the merger became a blueprint 
for the restructuring trends in the industry. l11c: ~i1.e of 
the combined operations meant that product and manu
facturing specializations can be developed in different 
centres to reduce overall costs. Asea Brown Boveri. for 
example, has rationalized turbine generator production 
between Switzerland and Germany. Sales marketing and 
distribution can be combined to become more cost effec
tive. an important factor in developing target markets 
such as the United States. And a stronger financial base 
was created, necessary for supporting R and D and for 
handling larger turnkey projects. 

Both mergers have been successful so far. although 
Asea Brown Roveri was able to move very quickly at 
first. Both companies have also particirated in the further 
restructuring of the power equipment industry of devel
oped market economies. notably Asea Brown Roveri. 
through its $1.6 hillion acquisition of Cnmtmstion Engi
neering. a large United Stales boiler maker. Asea Brown 
Boveri has since put General Electric through a heavy 
restructuring and reorganization programme, which has 
improved its profitability. 

Westinghouse, the second-higgest United States power 
e(1uipmen1 producer. has al~o heen active in creating a 
comprehensive network of glohal alliances. ranging from 
service joint ventures through licensing agreements to 
joint development, marketing and manufacturing alli· 
ances. In 1992, a particularly signilicant deal was an· 
nounced with Rolls-Royce, th~ power equipment pro-
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ducer best known for ils aero-engines in the United 
Kingdom. Rolls-Royce will transfer its leading-edge. 
aero-engine: t~hnology to Westinghouse for incorpor.a
tion into its industrial combustion engine designs. while 
Westinghouse will transfer ~lected technologies to 
Rolls-Royce for u~ in their product lines. The two com
panies will cooperate in marketing Rolls-Royce aen>
derived gas turbine engines for power generation appli
cations. 

Overall. the mergers and other deals have created four 
leading groupings in the world power equipment indus
try: General Electric and its network of business a.ssoci
atcs (including GEC Alsthom); Asea Brown Bovcri; Sie
mens of Germany with iLo; Kraftwerk Union power sub
sidiary; and Westinghouse. whose main strategic allies 
are Mitsubishi Heavy Industries of Japan and FiatAvio of 
Italy. 

(b) Joint venturf's and liaminx inmfrin.r.: devt'lopinx 
<·ountries 

It has been observed that power equipment markets are 
growing strongly in the NICs of Asia. Naturally. there
fore. producers in developed market economics are form
ing joint ventures or entering into licensing deals as 
necessary to protect and develop their position in these 
market'\. The attitude of Asian countries to the local 
manufacturing of heavy equipment differs widely. The 
Republic of Korea is keen on developing iLs heavy equip
ment industry. while Taiwan Province is more prepared 
to import equipment and concentrate its own efforts on 
other industries. Considering the market strength of the 
Republic of Korea. therefore. it is not surprising that it 
has been the centre of efforts of producers in developed 
market economies to fl1rge cooperative agreements. 

In 1992. General Electric of the United States and 
Korea Heavy Industries and Construction Company an
nounced an agreement initiating the transfer of General 
Electric heavy-duty gas turbine technology to Korea 
Hea\'y Industries and Construction Company. The two 
companies wiil jointly manufacture gas turbines bao;ed 
on General Electric designs. and the agreement also al
lows General-Electric-designed ga.o; turbines built solely 
by Korea Heavy lndu11tries and Construction Company 
to be sold in the Republic of Korea. Korea Heavy Indus
tries and Construction Company is already a business 
associate of General Electric in steam turbines. manufac
turing jointly with General Electric units in the 550 
megawau range for fossil-fired plants, and 700 to 1,000 
megawalt turbines for nuclear power plants. In 1991, 
meanwhile, the Siemens Power Generation Group con
cluded a long-term cooperation agreement with Halla 
Engineering & Heavy Industries of the Republic of Ko
rea. Once again, the deal involves gas turbines. and al
lows Halla to make Siemens-designed gas turbines in the 
Republic of Korea and to market and service the ma
chines in its home market and other countries. Both sides 
will provide reciprocal supplies of gas turbine compo
nents, and cooperate on gas-turhine power planl projects 
on a case-by-case hasis for export markets. 

In China, there are numerous arrangements hrtween 
indigenous manufacturers and major non-Chinese suppli
ers. including General Electric, Westinghouse and 
Hitachi. GEC Alsthom. for example has developed in
dustrial cooperation agreement~ that include the transfer 
of technology for turbine generator manufacture to RZD. 
The mosl recent joinl venture to be announced was A sea 



Brown Boveri Hefei Transfonner Co.. linking Asea 
Brown Boveri a.'i the majority owner wilh Hefei Tr.ms
fonner Works. The venture will use part of the present 
manufacturing facilities of HTW in Hefei City. Anhui 
Province. These will be restructured. and Asea Brown 
Boveri will provide modem technology and Ir.tining. 

As for licensing con1rac1s. lhe most significanl market 
for producers from developed market economies is India. 
Bharat Heavy Electricals Limited. !he major Indian 
power equipment company. ha.'i a long-standing gas and 
steam turbine licence from Siemens and a gas turbine 
deal with General Electric. and recently concluded a 
technical collaboration agreement with Asea Brown 
Boveri Combustion Engi~ring for the manufacture of 
circulating fluidized bed boilers. ideal for inferior grades 
of cool. These will be manufaclure<l at Tiruchirappally in 
southern India with the a.'isistance of Asea Bmwn 
Boveri. Such circulating-type boilers are also being made 
in India by lsgec John Thompson in collaboration with 
Ahlstrom of Finland and by Buckau Wolf in a lie-up 
with Deul<iehe Babcock of Germany. Cockerill Mechani
cal Industries of Belgium also recently strengthened its 
market position in India in heat recovery systems by 
entering into a technical collaboration with Bombay
based Larsen and Toubro. This involves the local manu
facture of units used in co-generation and combined-cy
cle power plants. In 1993. GEC Alsthom and the Indian 
company Triveni Engineering. the counlry's leading sup
plier of small steam turbines. established a jointly owned 
company to manufacture small- and medium-sized steam 
turbines. The new company. of which 51 per cent will be 
owned by GEC Alsthom. will use !he technology of the 
United-Kingdom-French company and have manufactur
ing facilities in Bangalore and Allahabad. 

(c) Takeovers and joint ~·entur~s in Eastern Europe 

Outside Asia. the dominant area of takeover and joint 
venture activity for major power equipment producers in 
recent years ha." been in F..astcrn Europe and in the ter
ritory of the fonncr German Democratic Republic. which 
constitutes ihe eastern part of reunified Germany. The 
impetus for '''e takeovers differs somewhat. While both 
the eastern p.irt of Gcnnany and Ea.o;tem Europe offer 
opportunilics for low-cost manufacturing of components 
that can be used across Europe, reunified German: rep· 
resents a current market opportunity, while takeovers in 
Eastern Europe require a down payment on future 
growth prospects. 

In 1991 Asca Brown Bovcri bought Bcrgmann-Borsig. 
ba.o;cd in Berlin and lhc leading manufacturer of power 
plant components in the former German Democratic 
Republic. Asca Brown Bovcri agreed to invest about $30 
million over the next three years in Bcrgmann-Borsig, 
which is already participating in Asca Brown Bovcri's 
Euro~an power contracts. Asca Brown Bovcri has also 
purchased Encrgicbau Dresden and Automatisicrungs
anlagen Cottbus. GEC Alsthom, which began with a 
relatively weak position in Germany, strengthened ils 
presence in 1991 with lhc acquisition of Kcsselbau 7..cit7. 
and Kesselbau Neumark from the Trcuhandanstalt, the 
body in charge of privati7.ing the industry in the former 
Gcnnan Democratic Republic. The companies arc active 
in steam generator rehabilitation and manufacture. GEC 
Alsthom has also bought the TRO, a Berlin-based com
pany which is lhc major supplier of high-vollage 

swilchgear and instrument transfonners in the ea.'>tem 
part of Gennany. 

In Eastern Europe and the fonner USSR. attention has 
been focused on lhe C Lech Republic and Poland. partly 
because of their stmng eleclromechanical traditions and 
lhe existence of relatively large companies whi1.:h give a 
good local market presence. Siemens and. in particular. 
Asea Brown Boveri have been ,.-ery active in lhese mar
kets. In late 1991. Siemens signed a memorandum of 
understanding to form a joint venture wilh Skoda Pl1en. 
the leading Czech Republic company in this sector. but 
since then nego1iations have slowed down. Meanwhile in 
the former USSR. Siemens has set up a joint ,·enlure 
with Leningrad Metal Works. a respected steam 1urbine 
producer. The venture. lnterturbo. will develop and 
manufacture gas turbines initially for the market of !he 
Russian Federation. and eventually for export. 

Asea Brown Boveri ha.-; 20.000 people working in 
more than 30 companies and joint ventures in Cenlr.tl 
and Eastern Europe. Not all of these are in power engi
neering; for example. Asea Brown Boveri ha.'i a stake in 
the Polish turbine firm Zamech. This firm ha.-; benefiled 
from Asea Brown Boveri management and technological 
know-how. and also ha.-; direct access to 1he worldwide 
sales network uf Asea Brown Bovcri. In fact, companies 
such a_<; 7..amcch are being kept busy with export orders 
as a short-term survival strategy because !here is so little 
work at present from domestic markets. In 1993. Asea 
Brown Bovcri also bought a 67 per cent interest in a new 
company created from the power engineering division of 
Prvni brncnska strojirna. of Brno in the Czech Republic. 
This is a business with 4.000 employees, and an annual 
turnover of $120 million. including a net profit of $13.2 
million in 1993. 

The European Gas Turbines subsidiary of GEC 
Alsthom, meanwhile. signed a cooperative agreement in 
1991 with the Kirov Works in Saint Petersburg. which. 
like Leningrad Metal Works. makes steam turbines. The 
agreement covers the manufacture, assembly and pack
aging of 25-megawau gas turbines for the market of the 
Russian Federation. European Gas Turbines is supplying 
parts and technical assistance to set up new manufactur
ing and testing facilities in Saint Pclcrsburg. 

5. Technological trends and environmental 
considerations 

(a) Major trends and problems 

Over the past decade, environmental and safety issues 
have become increasingly intertwined with technological 
developments in power-generating equipment. In differ
ent ways, most current product developments are linked 
to energy efficiency, energy conservation, pollution re
duction and environmental improvement. Panicularly in 
question arc lhc emissions from traditional coal-burning 
power planls. while events such as the Chernobyl disas
lcr in the Ukraine have led to increased security in nu
clear power stations. At the same time, considerable in
ves1mcn1 is being made by developed markel economies 
in renewable energy sources such as wind and wave 
power. The power equipment induslry is proving suc
cessful in meeting these challenges. In particular. lhe 
rapid growth in popularity of combined-cycle gas turbine 
power stations ha~ been possible because of investment 
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by the industry in gas turbine developmer.t. A further 
influence on technical development has been the chang
ing nature oi the customer industry. which increasingly 
demands that plants can be ordered and completed in 
three years. rather than the traditional five or more years. 

In addition to the traditional environmental concerns 
of plant suj>pliers and customers such as sulphur dioxide 
(SO!) and nitrogen oxide (NO.> emissions. thermal dis
charges. fly-ao;h storage. and radioactive waste treatment 
and storage. there is growing concern about broader is
sues such as the global environmental effects of power 
generation. acid rain. the greenhouse effect and hv.ard
ous materials. As the understanding of some of these 
issues is still developing. more environmental regulation 
of the pollutive effects of the power industry is expected. 
The implementation of an ccotax proposed by the EEC 
on carbon dioxide emissions is pending the outcome of 
similar pollution taxation being considered in other 
OECD countries. This presents additional challenges to 
power equipment suppliers to ensure that all environ
mental requirements. including the use of the most cost
bencficial system of fuel, plant and abatement facilities. 
are met in order to deliver clean electricity. The same 
issues arc also likely to influence environmental require
ments for existing stations and for the repowering or 
retrofitting of older stations. 

Another imponant point. especially from the perspec
tive of developing countries. is that organizations such as 
the World Bank have imposed strict environmental 
standards on projects which they finance. Even in devel
oping countries. the costs of future remedial action in the 
event of environmental damage would be far greater than 
the original costs of equipment to minimize environmen
tal problems. 

(b) Main types of power-xeneratinx equipment 

Large-scale, electricity-generating capacity generally 
falls into one of three main types. excluding the com
bined-cycle gas turbine which will be examined later. 
The first is conventional thermal generation. where fossil 
fuel (coal. oil or gas) is burned in a conventional boiler. 
creates steam and drives a turbine generator which. in 
turn. generates electricity. Tab!e IV.78 shows how the 
mix of technologies in world power-plant orders ha.; 
been changing in recent years. Unit sizes, meanwhile, 
have grown substantially since 1955 to gain economics 
of scale, as shown in table IV.79. In developed countries 
conventional thermal generation size grew from a 
maximum of about I 00 megawatts, with a typical si1.e 
of about 30 megawatts in 1955, to a maximum of 1,000 
megawatts and a typ:cal output of 600 megawatts in 
1970. The use of even larger si1.es can create problems. 
These include integrating such units into the electricity 
supply system, encountering intrinsic difficulties in their 
manufacture. and the economic risk of committing such 
a high proportion of investment into a single project. 
None the less, steam turbines of some 1,450 megawatts 
are now being produced. 

Technological development has focused mostly on 
reducing fuel costs. which typically account for about 70 
per cent of power station operating costs. The principal 
approach ha:; been in improving the efficiency of the 
transformation from heat to electricity by raising the 
pressure and temperature of the steam sent to the turbine 
generator by the boiler. However. in most countries there 
has been a virtual s1andardi1.ation of steam conditions at 
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a temperature of 540" Celsius and a pressure of 160 bar. 
just beneath the level where steam turns from being 
subcritical lo supercritical. Supercritical steam brings 
efficiency gains but. until re«ntly. the relatively small 
improvements have been insufficient either to justify the 
higher capital costs. or lo offset the initially poorer reli
ability of such machines. But there is now increasing 
worldwide interest in supercritical steam. Roth Japan and 
Gcnnany have continued developing such units. 

The second main type of power generation is nuclear 
plant. where a nuclear reactor replaces the conventional 
boiler as the soun.-e of heat and hence steam. As with 
fossil-fuelled plant, unit sizes rose rapidly in the 1960s in 
order to maintain a competitive position against conven
tional plant. Until recently. the unit size had levelled off 
at a maximum of about 1,350 megawatts, but in 1992, 
GEC Alsthom supplied a 1.500-megawatt machine. This 
is the world's largest single shaft turbine generator and 
was shipped to a nuclear power station in France. In 
nuclear stations. high thermal efficiencies have been a 
lesser priority than controlling capital costs. The low 
temperature of steam produced by the most widely used 
types of nuclear reactors. pressurized water reactors and 
boiling water reactors. have not been seen as a major 
drawback to their adoption. 

The third main method of generating power is hydro
electricity. where a flowing water source is used directly 
to drive a water-wheel or turbine which is coupled to an 
electric generator. The size. technical characteristics and 
overall costs of hydroelectric stations arc largely deter
mined by the geography of the resource. notably the flow 
rate and volume of water available. In its simplest fonn. 
run-of-the-river. turbines arc placed on a river bed. Such 
schemes are generally small and relatively cheap, but 
allow no flexibility to store water until an optimum time. 
Larger resources arc usually utilized by damming a river 
or lake and allowing water to be stored. This gives more 
flexibility over time of use, but at the expense of higher 
capital costs. 

Technological and environmental issues relating to 
combined-cycle generators. coal-fired equipment, nu
clear power and renewable energy sources arc dealt with 
below. 

(c) Combined-cycle ;;as turbine-power xeneration 

The most important technological development in 
power generation over the past 15 years has been the 
growing popularity of gas turbines, used in the so-called 
combined-cycle operation. Combined-cycle power plants 
use the exhaust gases of gas turbines, which are still at 
a temperature of at least 500" Celsius, to generate steam 
via a waste-heal recovery boiler. which in turn drives a 
steam turbine. This means that thermal efficiency, which 
is the amount of energy per unit of fuel used, is al about 
54 per cent. much higher than that of simple-cycle gas 
turbines or steam turbine power plants, which currently 
achieve efficiencies of 35 and 40 per cent, respectively. 
Additionally. gas turbines emit very little sulphur diox
ide, and have low nitrous oxide levels compared with 
coal.fired stations. Assuming that sufficient supplies of 
gas are available, a combined-cycle operation station 
provides efficient, flexible and clean power generation. 

Most recent research in this area ha<; been devoted to 
improving the reliability of the gao; turbine, increa.o;ing it<; 
power output. raising the temperature of the exhauo;t 



gases (by increasing the combustion temperature), and General Electric and a subsidiary of European Cas Tur-
enhancing the environmental profile of the turbines. In bines. This has a combustion temperature of 1,2[-ft-· Cel-
the early 1960s, the efficiency of combincd-cycie plants sius and an exhaust temperature of 583° Celsius. In com-
in general was about 28 per cent. and by 1975 the 40 per bin:ition with a 120-mcgawatt steam turbine in a VEGA 
cent efficiency le.,·et had been excccdcd. Today. the most 109F unit. efficiencies of about 55 per cent and an output 
modem and largest gas turbine currently produced is the of 335 megawatts can be achieved. 
212 to 226-mcgawatt 50-henz General Electric Further research is aimed at increasing firing tempera-
MS9001F machine. which is manufactured jointly by turcs and. hence. exhaust temperatures. However. to 

Table IV.71. World dectric capacit7 bf tqim d iataDatm, 19SS-1919 

Megawausfl 
Country, economic 
grouping and industry 19SS-1964 1965-1974 197S-1984 198S-1989 Total 

Unim/Stata 109 640 216 302 189 911 SS 684 601 S37 
(47) (40) (31) (I6) (3I) 

Percentage or which: 
Conventional 83 76 71 40 71 

Nuclear 1 14 21 S3 19 
Hydropower I6 10 9 6 10 

Largel!I 68 013 JS3 OS9 ISi 683 167 373 547 492 
(29) (28) (25) (3I) (28) 

Percentage or which: 
Conventional 82 83 so 43 61 

Nuclear 2 8 37 411 27 
Hydropower 16 9 13 9 11 

SmaliR' 10 I77 19 682 17 210 7 041 60 983 
(4) (4) (3) (I) (3) 

Percentage of which: 
Conventional 13 24 10 24 I6 

Nuclear IS 4S 28 20 
Hydropower 87 6I 4S 47 63 

~de~ I6 12I 44 934 53493 S4 78S 174 968 
(7) (8) (9) (10) (9) 

Percentage of which: 
Conventional 83 78 74 84 79 

Nuclear 1 13 s 6 
Hydropower 17 20 I2 11 IS 

Large!V 20 6I8 70 3SO 110 20S 126 86I 328 869 
(9) (13) (I8) (24) (17) 

Percentage of which: 
Conventional 3S 47 44 32 40 

Nuclear 6 14 21 14 
Hydropower 6S 47 42 47 46 

~loping counamsl 11 132 3S 312 91 661 97 S28 249 6SS 
(S) (7) (IS) (18) (13) 

Percentage of which: 
Conventional SI S3 66 62 61 

Nuclear I I s 3 
Hydropower 49 4S 34 32 37 

Total 23S 701 S39 639 614 163 S39 272 1 963 S02 
Percentage of which: 

Conventional 74 71 S9 47 60 
Nuclear I 9 20 30 17 

Hydropower 2S 20 21 22 22 

Soun:~: Power plant database of the Science Policy Research Unit, Sussex Univer1ity; ~ World 
Marlen for H~avy Ekctrical Equipmmt (Sulton, United Kingdom, Nuclear Engineering International, 
1990). 

No11: Total& column include& a small number of seu for which no commi11ioning dale is available. 
al Figures in parenthe1e1 are percentage 1hues of period totals. 
Ill With heavy electrical indu11ry. 
sf Partly heavy electrical indus1ry. 
!V No heavy electrical indu11ry. 
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Table IV.'19. Meaa aad .. xiaaa sia ~ wts ia&tatkd ia dudaped ..mt_ .... 
aad commi&ioeed rro. 19SS to 1919 

(Megawatts) 

Conventional Suclear Hydropower 

Number of Number of Number of 
Period Mean Maximum units Mean Maximum units Mean Maximum units 

l'ISS·19S9 96 340 813 100 100 SS 490 396 
1960-1964 13S 700 714 80 220 27 6S 37S S6S 
196S-1969 201 1000 7S7 196 6SO 47 78 2:?9 611 
1970-1974 284 1 300 811 S44 1 1S2 1S 110 47S S3S 
197S-1979 270 1 300 677 788 1 300 74 131 700 460 
1980-1984 28S 1300 623 831 1 296 81 146 700 462 
1985-1989 311 1300 823 969 1 4SS 169 161 635 741 

Sourer: Power plant database of the Science Policy Research Unit, Sussex University; TM Worid Marlr4 for 11«JVY 
El«aical EquipmoU (Sutton, United Kingdom, Nuclear Engineering International, 1990). 

achieve thennal efficiencies of\;() per cent by the end of 
the decade an elusive g•lal of a I per cent increase in 
efficiency each year would be necessary. At the same 
time, General Electric is hoping to raise its gas turbine 
efficiencies by two or more percentage points through a 
licensing deal with Exergy, a small Californian comoany 
that owns an innovative technology called the Kalina 
cycle. 

Another research area is developing aero-engine gas 
turbines of increasing size. In particular, there have been 
some important recent developments in turbine blade 
technology. and their manufacture which owes a great 
deal to aerospace research. One promising area is 
directionally solidified and single-crystal turbine blades, 
which enhooce the perfonnance of aero-engines and 
could do the same in power generation, if the problems 
of manufacture of much larger sizes can be overcome. 

Finally, research also is being directed to improving 
further the environmental performance of gas turbines by 
using the so-called dry low nitrogen (NO,) systems. This 
technology has been in use for 20 years, but is now seen 
as particularly applicable, as it avoids the heat rate pen
alties of some other methods. There arc further methods 
for reducing NO,, such as selective catalytic reduction 
systems used in heat recovery steam generators, while 
another solution involves direct catalytic combustion in 
gas turbine combustors to achieve NO, concentrations of 
less than 10 parts per million. In Japan, where NO, 
emission regulations arc among the toughest in the 
world, a 2,000-mcgawatt, combined-cycle plant at Futtsu 
has achieved l''O, emissions below 10 parts per million, 
the lowest in ,.ie world. 

(d) Developments in coal-fired equipment 

Apart from nuclear power, coal-fired power genera
tion is the most politically sensitive area for equipment 
suppliers and customers. The environmental impact of 
coal-burning to produce electricity has become increas
ingly controversial. The process produces both solid 
wastes and flue gases. The ga.~ous emissions of concern 
arc particulate (fine airborne ash), sulphur dioxide and 
nitrogen oxide. When coal is burned, it can produce 
about twice as much carbon dioxide per kilowatt-hour of 
electricity as gas, and about 20 per cent more than fuel 
oil. fl is estimated that Governments, equipment i1uppli
crs and coal companies arc spending more than SI bil-
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lion a year on research .imcd at turning coal into a fuel 
that can match the cleanness and efficiency of natural 
gas. 11tcsc efforts can be broadly divided into two, albeit 
overlapping, groups: technologies to improve the clean
ness of conventional coal-fired generation; and com
pletely new methods of burning coal. 

With regard to the first group, one way to improve 
emissions is by coal-cleaning, a process that reduces the 
amount of pollutants in the coal feed. Advanced cleaning 
concepts are now being developed to increase the degree 
of cleaning that is cco11omically feasible. These include 
thermal oxidation of sulphur in coal, reMOval of pyritic 
sulphur by bacterial oxidation, agglomeration of finely 
ground carbon-bearing particles by fuel oil, high-Pradi
ent magnetic dcsulphurization, and microbubble flota
tion. Low-sulphur coals also offer possibilities for major 
advances. 

Another method is flue gas desulphurization, which 
takes a variety of fonns, some of which result in a gyp
sum by-product that can be used in the building industry. 
The problem with some flue-gas dcsulphurization meth
ods, however. is process complexity, high operating 
costs, and improvements in alternative technologies. 
Even so, new methods focused on calcium-based rather 
than sodium-based sorbcnts arc being developed. Equip
ment suppliers of flue-gas desulphurization equipment 
su their biggest market opponunity in Ea.'itcrn Europe 
and the former USSR where funds arc rcst.~cted. Asca 
Brown Bovcri, for example, is building two flue-gas 
desulphurization systems at a power plant in Pennsylva
nia which will remove about 95 per cent of the sulphur 
dioxide emissions of the facility. 

A third approach is to improve the environmental per
formance of the pulverized coal-fired boilers which are 
the workhorses of worldwide coal-based power genera
tion. Again, there arc a number of methods, including 
sorbent injection, which introduces calcium-based 
sorbent directly into t~ boiler ~o reduce sulphur dioxide 
emissions by as much as 40-60 per cent; another is low
NO, combustion, especially low-NO, burners, which can 
reduce NO, emissions by SO per cent or more. 

A minority of observers believe such development~ 
will he enough to achieve the required environmental 
acceptability and efficiency. In Denmark, fuel conver
sion efficiency of 46 per cent is claimed for the latest 
ultra-clean, supercritical but conventionally fired coal 



plant. Mostly. however. the industry is putting its faith in 
a range of new or 1clative!y new coal-burning techno
logies. 

Fluidized-bed combustion power plants have gener
ated considerable interest as a way to meet strict SOz 
emission regulations without requiring cumbersome flue
gas desulphurization systems. Most of the dean coal 
power stations developed so far use this system; it in
volves burning powdered coal in a bed of pulverized 
limestone, which acts as a chemical trap for any sulphur 
emitted from the fuel. and an upward flow of air keeps 
the bed in constant motion. A first turbine is driven by 
steam produced in boiler tubes in the fluidized bed. and 
a second by hot e11.haust gases. The two most promising 
versions are circulating and pressurized fluidized bed 
combustion, where the whole chamber operJtes at be
tween 5 and 20 bars. An Asea Brown Boveri consor
tium is currently building a 180-megawatt coal-fired 
cogeneration facility in Maryland which will include the 
world's largest operating fluidized bed combustion 
boiler. Asea Brown Boveri also has three fluidiled bed 
combustion power plants successfully operating in 
Spain, Sweden and the United States, and is now ready 
to commercialize much larger systems offering 300-
megawatt electrical output or 800 thermal megawatts. 
The company points out that fluidized bed combustion 
will take a wide variety of coal. and sees good opponu
nities for retrofitting, particularly for small- to medium
sized, coal-fired plants which, for various reasons. must 
continue to use coal. 

Other suppliers. notably General Electric and Siemens. 
are putting much more faith in the integrated gasification 
combined cycle. In this process. coal is gasified by par
tial combustion in a pressurized furnace. and the gas is 
cooled, cleaned, and then used to fire a gas turbine, at 
which point the process ressembles that of the conven
tional gas-turbine combined cycle outlined above. Sie
mens has supplied turbines for two demonstrJtion plants 
that have so far been awarded in Europe. These are the 
Demkolec project at Buggenum in the Netherlands, 
which runs on hard coal. and the KoBra lignite or brown
coal-fired combined-cycle plant near Cologne. Other 
projects are being prepared ;n Europe. In the United 
States. as early as 1984. General Electric joined with the 
Electric Power Resean:h Institute. the United States De
partment of Energy and others to prove the feasibility of 
1he integrated gasifica1ion combined cycle at the Cool 
Water pilot plant in California. This 120 megawatt plant 
serves 125.000 people. with emission-; running well be
low current l lnir .. d States ~landards. General Electric is 
al~> involved in othei integrated gasification combined
cyde projects. 

The advantage of the integraled gasificati1>n combined 
cycle for the gas turbine producers is that it opens up 
another market beyond conventional gas combined-cycle 
genera1ion. The integrated gasification combined-cycle 
has not yet mel 1he efficiency levels of combined-cycl~ 
operalion. However. with ils la1est lurbines, General 
Electric is working towards efficiencies of 44 per cent, 
IO points below cor,·hined-cycle operation, while a Sie
mens/Krupp Koppers coal gasification process called 
Prenflo will achieve 45 per cent effa:iency at a new 300-
megawatt plant lo he built in Spain. However, the effons 
of gas turbine producer:; to raise thermal efficiencies 
further ~hould aid inlegraled gasification combined-cycle 
power grneration, where efficiencies could reach 46 per 

cent in the next few years. From an environmental per
spective. emissions of sulphur dioxide and nitmgen 
oxides in the inlegrated gasification combined cycle are 
now almost down to the levels achieved with natural gas. 
But there is now hope that even the emissions of carbon 
dioxide from coal-fired stations can be reduced. At a 
320-megawatt cogenerJtion plant in Oklahoma, 200 
tonnes a day of carbon dioxide (COi) are extracted 
chemically from the flue gases. As with flue gas 
desulphurization. however. it is a costly process. 

(el Nucle<1r power 

In spite of the fact that commercial pmspects for nu
clear power are currently bleak with the exception of a 
handful of markets in Asia, major equipment suppliers 
are maintaining their product development plans in the 
hope of new interest in the next century. Two events 
have been crucial in undermining the nuclear power in
dustry: the Three Mile Isla,1d accident in 1979 (since 
then no new nuclear plant has been ordered in the United 
States); and the Chernobyl disaster in Ukraine in IQ86. 
Inevitably. perceptions of the safety of nuclear pl.mts 
have become a critical issue in determining the future 
growth of the industry. The OECD Nuclear Energy 
Agency predicts that the total nuclear generating capacity 
for 24 wealthy industrialized countries will rise from 264 
gigawatts in 1991 to 296 gigawatts in the year 2000, less 
than a quarter of the tolal predicted in a forecast made in 
1977 (52). But other issues have also dented the reputa
tion of the industry. notably cost. The most efficient size 
for a nuclear pla11t is about 1.400 megawatt, ..md that 
requires an investment of about $2 billion and a lead
time of about 10 years. 

Nuclear power does have two good attributes. The 
fir~: is environmental; unlik..: the power-generating 
equipment mentioned ah."Jve. nuclear power produces no 
polluting carbon dioxide, sulphur dioxide or nitrogen 
oxides. Theoretically, therefore. nuclear power ought to 
gain as emissions standards are tightened. The second is 
that nuclear power provides a security of supply against 
world events that could disrupt available fuel supplies. 

Given that it can take 15 years for a new nuclear re
actor design to come to fruition, product development 
has to conti11ue now if companies are to have any hope 
of winning orders in the future. Present market condi
tions arc bringing companies closer, allowing them to 
spread development costs. Two examples are the co
operation between Siemens of Germany and Framatome 
of France. and helween Westinghouse Electric of lhe 
Uniled States and Mitsubishi Heavy Industries of Japan. 
Two European companies have a jointly owned subsidi
ary, Nuclear Power lnlernational. which is developing 
the European pressurized water reaclor. In France this 
will be the successor to the N4 r-.eries, and in Germany it 
will rtplace the ~onvoi design. Emphasis is on sa'ety, to 
facilitale puhlic accrptance of nuclear power and thus the 
commercial prospects hr the European pressurized water 
reactor. Nuclear Power International is working on re
ducing the chances of a core melt tn less than one in one 
million for events inlernal to the nuclear plant. At the 
same time. ii assumes lhe worsl-case scenario, and then 
mitigales its effects so ,. •' . ~ releases can be 
limited to the plant o· ., L / .1 

If all goes well, con ; ,,. ' begin in 1998, by 
which lime Nuclear P:11. c:i 1nlema1ional hopes that lhe 
market will have revived. Westinghouse and Mitsubishi, 
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meanwhile. signed a new 10-year agreement in 1992 to 
cooperate on developing commercial nuclear technology. 
deepening a relationship that began in 1958 by extending 
the range of joint development work. 

Overall. the technology parameters for future nuclear 
stations arc. by general agreement. as follows. They will 
have to be built and operated at relatively lower costs 
:ban ~"Urrcnt levels and be competitive with future fossil
fircd plants; safety must be of paramount importance; 
licensing. construction schcdules and costs must be pre
dictable; and there must be an extremely low risk of 
severe accidents. 

Most of the industry's efforts arc devoted towards new 
versions of the pressurized water reactor and boiling 
water reactor. but other developments include the so
called high-temperature gas reactor cooled by helium. 
the heavy-water type as used in the Canadian deuterium 
uranium reactors. and liquid metal reactors. Perhaps the 
most exciting research area. however. is concerned with 
fusion power. which obtains energy from combining 
light atoms rather than splitting heavy ones. In 1992, 
EEC, Japan. Russian Federation and United States signed 
an agreement to cooperate in the engineering design of 
an international thermonuclear experimental reactor. The 
six-year SI-billion project will result in the completion 
of a test facility design that would, if built, demonstrate 
the scientific and technological feasibility of fusion en
ergy for peaceful purposes. Fusion energy has a long
term potential which is virtually limitless. environmen
tally acceptable and an economically competitive source 
of energy. 

(/) Renewable and alternative fuel sources 

A growing interest in power generation ha~ been the 
potential of renewable or alternative power generation. 
and its effect on the equipment industry. Strictly speak
ing, however, there is nothing new about renewable en
ergy. Hydroelectricity has been in use for some 100 
years, and is a technologically mature and proven 
method that accounts for about 20 per cent of world 
energy output. From an environmental pt.;spcctive, hy
droclectncity is very much a two-edged sword. It has no 
fuel costs or harmful emissions, yet it is intn.sive on a 
large scale because of the need for big dams and reser
voirs. Leading funding authorities such as the World 
Bank and the European lnves:ment Bank require an en
vironmental impact report for any new proposed hydro
electric power scheme. Even though the technology is 
well established, there i!i, however, still room for im
provement. One equipment manufacturer is making sub
stantial investments in improving the efficiency of large 
hydrogenerators, while automated control systems to run 
power stations virtually unmanned are also becoming 
increasingly important. In the next 10 years. the trend 
towards smaller. more environmentally friendly schemes 
will be met with more compact generating equipment. 

Other renewable energy types include wind, tidal 
wave, solar power, bioma!is and industrial and municipal 
waste!i. Sine,· the first oil price shock of 197 .~. vast sums 
have beo:n !ipent on research into alternative energies, 
and all these types of power genera:ion have developed 
from concepts into reality. However, no alternative en
ergy breakthroughs of a major scale have heen achieved. 
In the United Kingdom, a study done in 1992 by the 
Renewable Energy Advisory Group, concludeJ that 
renewables could theoretically contribute as much as 45 
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per cent of 1991 electricity supply by around the year 
2025. A more economically plausible figure, it suggests, 
would be about 20 per cent of 1991 supply. or about 60 
terawatt-hours (60 million megawatt-hours) per day (571. 
There are several reasons for this. FirsL conventional 
pov.·er technology has been advancing over the pa'it 20 
years. Secondty. subsidies arc likely to be required for 
the alternative technologies to flourish. and these may 
not be forthcoming. Thirdly. the power that is generated. 
for example. from wind or waves. is highly dispersed. so 
that energy has to be gathered from a large space or 
volume. 

The most developed of the alternative technologies, 
apart from solar panels in domestic use. is wind power. 
There arc already an estimated 20.000 wind turbines :n 
the world, with some producing more than I megawatt of 
power, but there arc environmental costs, notably the 
visual obtrusiveness of wind turbines. Tidal power has 
been proved to work, and produces output that compares 
well with conventional power stations. A 240-megawatt 
tidal barrage has been operating successfully on the 
Rance estuary in France since 1967. But larger-scale 
schemes, such as the abandoned Severn Barrage in the 
United Kingdom, could cost as much as $9 billion and 
have negative environmental side-effects. Other tech
nologies, notably solar photovoltaic cells, have benefited 
considerably from research spending, but ar.: still not yet 
commercially practical, except in special circumstances. 

A more practical approach to renewable energy may 
be the use of wa~te products as fuel a'i shown in figure 
IV.27. One study has predicted that the already robust 
European market for refuse-to-energy plant would grow 
strongly over the next decade or more, because of tight
ening legislation on the disposal of municipal solid waste 
(58). A number of companies are also offering equip
ment for collecting the gas that collects on landfill sites 
and turning it into usable electrical energy. Bioma'is, a 
general term for natural waste products, is also being 
used as a power source, with one of its most promising 
fuels being poultry litter. In 1992, the world's first com-

Figure IV.27. Total European sales of refuse-t~ 
energy plant equipment and services by plant type, 

1992 to 2005 
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Source· Frear and Sullivan lnlernaroonal. The European Market lor 
Cogeneratron Sy1lem1. Reports E1603 and 1604 (London, July 1992). 



mcrcial power station fuelled by poultry litter was 
opened in the United Kingdom. Although relatively 
small. with a power output or only 12.5 megawatt. the 
plant is environmentally attractive because it represents a 
relatively clean way to .Jisposc or poultry litter. Sulphur 
dioxide and nitrogen oxide emissions arc much less than 
for coal-fired power generation. 

With regard to small-scale power generation. it is 
important not lo forget the attractiveness or combined 
heat and power for many countries. or for industrial 
concerns big enough to consider their own power gen
eration. Combined heat and power. known as co
gcncration in the United States. turns the waste heal from 
the main power source into steam or hot water for use by 
industry or in the home, and can achieve thennal 
efficiencies or as much as 90 per cent. lbc systems can 
be powered by ga:; and steam turbines or by clean-burn
ing diesel engines. Already hundreds or combined heat 
and power schemes arc in operation in Europe. and more 
arc planned. as forecast in figure IV.28. In the past. com
bined heal and power technology has been applied 
mainly as a cost-saving measure. but increasing environ
mental concerns are now starting to affect buying deci
sions for cogcneralion equipment. Although the environ
mental perfonnance or combined heat and power plants 
varies widely according to the power source, they arc 
generally relatively pollution-free whc;-e they substituic 
for coal-fired generation. and they would reduce carbon 
dioxide cmissiors sharply (59). 

Figure IV.21J. Total European market for 
cogeneratlon systems, forecast capacity additions 

by equipment type, 1990 to 2000 
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6. Short· and medium-term outlook 

The world power-generating equii:ment industry is 
likely to experience a period of steady growth over the 
next several years. Encouraging prospects in some re
gions of the world such as Asia, however, are balanced 
by uncertainties elsewhere. The factors listed above, en
vironmental awareness, technology development, indus
trial restructuring. and changes in the nature of the cus-

tomcr base. will continue to be important influences over 
the next decade. 

In tcnns or the annual growth in power-generating 
capacity. one estimate suggests that Asia will experience 
a 4.5 per cent growth per year in the 1990s (601. That 
ex1..-ecds the projected capacity for Latin America and 
Western Asia al 4.2 per cent. and eclipses the anticipated 
2 per cent for North America and the 1.8 per L-Cnl for 
Europt:. In tcnns of the world market as a whole. it is 
expected to reach the range or 90 to I 00 gigawatts by the 
year 2000 (52). Roughly 40 per cent of the business over 
the coming decade should come from the countries or the 
Pacific rim. including China, and about 20 per cent each 
from Africa. Europe, Latin America. United States and 
Western Asia. 

It is also important to look at the total market for 
power generation, tr.msmission and distribution equip
ment to sec how the regional mix will change. Asca 
Brown Boveri estimates that the Asian market. excluding 
Japan. currently accounts for about 15 per cent or the 
total, but by the tum of the century it will represent 30 
to 33 p..!r cent or a market that will have grown substan
tially (52). Westinghouse estimates a potential for 620 
gigawalts, and forecasts about 73 gigawatts of steam and 
combustion turbine orders a year by the end or the dec
ade. 56 gigawatts or which will be outside the United 
States (52). The order volume for the year 2000 is r.x
pected to be about 40 per cent higher than it is today. and 
the market as a whole worth some $25 billion. 

Clearly. Asian markets, particularly China, Indonesia 
and Viet Nam, will become very important for equip
ment suppliers in developed market economics over the 
next few years. Some forecasts of planned generation 
additions for the region arc given in table IV.80. China's 
need for new power capacity has already been men
tioned, including its new economic zones in the south 
and in the Yangtze River valley. Indonesia, with it~ 
population of 187 million, has a strong unsati!,ficd de
mand for new power which cculd be further increased if 
the economy opened up to foreign investment. The mar-

Table IV.80. Plaaacd aaaul addilioa1 IO power 
acacralioa iD CIOUDlries IDd aRU al 

Alia aad tllc Pacif"ic: 

Country or area 

China and Hong Kong 
Republic of Korea 
Taiwan Province 
lndone1ia 
Thailand 
Malay1ia 
Ph11ippine1 
Viet Nam 
Other 

TOTAi. 

For comparison 
Switzerland 
Sweden 
Germany 

Added capacity 
(megawa111 per year) 

12 000-lS 000 
1 800 
1 700 
1 600 
l lOO 
1 00(1 

700 
400 
600 

21 000-24 000 

IS 000 
30 000 

100 000 

Souru: A1ea Brown Bover1 data presented ar annual 
pre11 conference, Zurich, 11 March 1993. 
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kct in Viet Nam could grow very fast in the next decade. 
and Eumpean equipment suppliers ~ maintaining fre
quent contacts. Thailand is currently ahead in the den~l
opment cycle. but more infrastructural den~lopmenl in 
rural ~a.'i would spur demand for greater power capac
ity. Anolher market that could develop in Asia is 
Myanmar. which will start to exploit il'i ga.'i fields. and 
thus perhaps create a markel for 1.-ombineJ-cyde power 
plants. 

In the United States. Westinghouse foreca..,l'i .nore 
than a 2 per cent annual increase in peak electricity de
mand. which could mean orders of 120 gigawatts over 
the next IO years (521. Both Westinghouse and Siemens. 
which ha.'i recently stepped up il'i involvement in the 
United States. see good opportunities for work that will 
replace or modernize existing capacity. which ha.'i an 
older average life than the capacity in Western Europe. 

There are. however. a number of uncertainties in a.'i
sessing the outlook for the power-generating equipment 
industry. particularly in developing countries. The chief 
issue is detennining whether funds can be found to pay 
for new power plants. no matter how much additional 
generating capacity may be needed. India. for example. 
ha.'i nearly 200 million people who will increase the de
mand of the country for more power-gener.lting capacity. 
However. lack of investment funds and dwindling for
eign aid have contributed to the country's inability to add 
new generating capacity. The market for independent 
power projects in Asia and elsewhere is opening up. but 
in many countries there is still no realistic alternative lo 
government-sponsored projects financed with govern
ment-guaranteed debt. It is already rccogni1.ed that, even 
for fast-growing economies. the cost of a new power 
station creates financing problems. and imaginative pri
vately financed projects shared by iniemational consortia 
of suppliers will be a key element in keeping power 
capacity in line with demand without straining the public 
finances of a developing country. A recent example of an 
agreement on a private power plant in Asia shows how 
large such projects are becoming. In Indonesia. the Gov
ernment has approved an investment licence for Mission 
Energy of the United States to build a $2-billion power 
station at Paiton in F.ast Java. The plant. which will con
sist of two coal-fired. 600--megawatt power unils, will he 
Indonesia's first privately built. owned and operated sta
tion linked directly into the national grid. According to 
reported e~timates by donor countries, Indonesia must 
invesl $.JO billion inlo the grid during lhe 1990s lo salisfy 
domeslic demand; one lhird of 1ha1 figure should come 
from privale investors. 

The financing problem is particularly acule for nuclear 
plao•'i, partly hecau\C of lhe generaily politici1ed cm·i
ronment in which this ~ector operalcs. bul also he.:ause 
of the diffo.:ully of assessing and conlrolling risk in lhc 
markets of developing c1~untrics. Consequenlly. no ex
amples of independent nuclear power projects in devel
oping countrieo; appear to exist. and private promoters in 
any case arc unlikely lo favour a technology thal in
volves much longe~ lead-ti'lles lhan modem combincd
cycle plant. One of lhe most complex issues involving 
nuclear power concerns the stalions designed and oper
ated in the former USSR and in f.astem Europe. While 
the availahilily of financing for Easlcm European power 
projects is difficull, wcslcm equipment suppliers are 
particularly keen lo encourage lheir Governments lo fi. 
nance the modification or shul-down of lhose nuclear 
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plants. There are 15 so-called RBMK (graphite-moder
ated. Chernobyl-type) nuclear stations in operation in the 
fomlCr USSR and Eastern Eun~. and (16 of various 
generations of VVER (pressuri1eJ-watcr-type) stations 
in use or under construction. The more modem of the 
latter can most easily be brought into line with western 
safety standards. Suppliers such a.o; Asea Bmwn Boveri. 
Siemens and Westinghouse ~ vying for this work. but 
funding is necessary not only for that. but also. in the 
case of shut-downs. for replacing conventinnai generat
ing caP'!City. Practical considerations suggest that several 
of the RBMK reactors will rIDt be shut down because of 
the economic consequences. In Saint Petersburg. for 
example. four RBMKs supply about 70 per cent of lhe 
electricity for the city and its surrounding area. 

From a technology standpoint. the onward march of 
combined-cycle ga.o; turbine technology seems likely. 
particularly a.o; worries over the availability of gao; as a 
fuel source are declining. General Electric foresees nu
clear power dropping from 10 per cent of orders between 
1987 and 1991 to 6 per cent from 1996 to 2001; com
bined-cycle and ga.'i turbine orders will collectively rise 
from 39 per cent between 1987 and 1991 to 43 per cent 
from 1992 to 1995. before declining to 38 per cent fmm 
1996 to 2001 (521. Two points are worth noting here. 
first. nuclear and conventional (that is coal-fired) steam 
generation still accounl'i for about half of the projected 
100 gigawatt market in 2010. Secondly. the GEC 
Alsthom projection suggests that by 2010 the integratcd
ga.sification-combined cycle dean-coal technology could 
account for 10 per cent of the total market (521. Mean
while. environmental factors, and in particular the prob
lem of the greenhouse effect. could produce much 
stronger legislation on emissions. This would suggest 
that nuclear power has an important role to play. at least 
in the long term. by providing a clean alternative to 
emission-producing power generation. For the same rea
son. it also implies that the often neglected hydroelectric 
power generation as a fuel is also likely to have an im
portant long-term future. 

No changes in market !'tructure are foreseen over lhe 
medium term. Barriers to entry are higher than ever be
cause of technological devclopmenl'i requiring. for ex
ample. heavy spending on gas turbine development. If 
anything. remaining excess cap;wity could lead to re
structuring the fringe around the four major company 
groupings (five, if GEC Alsthom is considered separately 
from General Electric. whose gas turbine technology it 
uses). If the market continues to develop as predicted. 
there ought lo he enough work to sustain these group
ings. However. a serious downturn could threaten that 
posilion. In particular. Japanese companies could be
come much more aggressive in non-Asian export mar
kets as their home market matures. 

Concerning manufacturing capaci1y in developing 
countries. the rr.ain obslacles to the development of a 
power-generating equipmenl industry in devclop:"g 
countries are 1he lack of financing for investmenl in this 
heavy industry and capital-intensive sector. lack of 
skilled lahour, and lhe coo;t and time needed 10 acquire 
technologies and lo implemenl them on an induslrial 
scale. In lerms of 1hc interrelalionship between North 
1nd South. lhe induslriali1.irg cnunlries of the Soulh 
should begin 10 develop equipment-producing capacily. 
mainly in lhe less sophislicated technologies and through 
coopcralive agrt-.;ments wilh companies of the North 



providing the engineering design for the installation. ln
ev_itably: the m~et focus of the major equipment sup
pliers will be Asia. However. it has been noted that there 
arc po~er-generating equipment industries. or parts 
thereof. m many other countries. and more could be join
in~ them. Siemens is among the companies negotiating 
with Egypt _over the establishment of some local power 
~lant factones .. Egypt wants to step up local participa
llon. although 1l docs not want to become a fully inte
grated producer. This type of association will be devel
oped in the future. but major companies from developed 
countries will expand their application of advanced tech
nologies and further concentrate on their core business. 

K. Fertilizer equipment (ISIC 3822)• 

I. Rt!cl!nl ITl!nds and cu"l!nl conditions 

. The fertilizer equipment industry provides a uniquC' 
hnk between agricultural and industrial development. 
and often presents a nucleus for the uroadly based devel
opment of a heavy chemical industry. Fertilizers are 
manuf~ctured in plants varying in size from a simple 
?peration run by a few people. representing a modest 
mvestment, lo huge plants worth millions of dollars and 
requiring hundreds of trained employees. Almost all 
these fertilizer plants involve chemical manufacturing 
operations of varying technical complexity. 

~ec~use of rapid population growth and increased per 
capita mcomcs, the world is faced with the problem of 
expanding its food supply rapidly enough to keep pace 
with the growing food consumption. Since the supply of 
new land is limiled, mos! of lhe expansion will have lo 
come from increased yields on land already cullivaled. 
This will imply a growing supply and USC' of technology, 
including the development and use of more efficient 
processes lo produce fertilizers and 10 make !hem rela
tively less expensive. Technological developmenl is thus 
essenlial in the fertili1.cr equipment industry. 

The limiled existing infonnalion on fertili1.er equip
ment s11ggests that ii is a highly competitive induslry, 
where lhe battle for a share in the market is oflen fierce. 
As a result. production. lrade, price and capacity expan· 
sion data are oflen difficull or im(Y.)S'iible lo obtain. 
Thus, assessmenls such a" Iha! given in the present sur
vey must be partially based on es1ima1es. 

The world fertilizer equipmenl induslry has heen his
torically and structurally linked 10 bo1h lhe agricultural 
and chemical engineering industries. which have gone 
through a major technological revolution since the end of 
the SC'cond World War. In the 19ROs, new processes 
were developed and new equipment was built and in· 
stalled. As a result, lhe fertili1.er technology industry is 
able to offer a wide range of processes with diverse as
sociated equipment to produce a greater variety of ferti· 
li1.er products. This makes it pos'iible to better adapt fer· 
tili1.ers to varying soils at different locations. Allhough 
this lechnological revolulion slartcd and continues in 
developed counlries, only a few developing counlries 
have participated, albeil on a more modes! scale than in 
developed countries. 

•lJNIOO acknowltdtit' 1he con1rih111ion or Aniline Rocoum, f>e. 
panment of Mineral Re,ourcc F.conomiC\, We'I V1rg1nia llmvcn11y. 

Recently. regional patterns of demand for fertilizers 
have significantly affected sales of equipment in differ
ent parts of the world. Increasing concerns over the en
vironment which have led to strictly enforced legislation 
in the fertilizer industry. ha'e had a definite adverse ef
fect on the demand for conventional fertilizer equipment. 
Other important influen<.es include: the increasing 
number of companies in Eastern Europe offering pro
cesses and technology as a result of recent political 
chang~s; greater ~mand for technology in developing 
~ountnes; and the impact on technological developments 
m the North of policies adopted to reduce fertilizer over
capacily and environmental damage. 

Market prices for fertilizer equipment have always rc
s~~d~ most significantly to economic conditions prc
vadmg .•~buyers' markets, although major ;irice swings 
for fert1hzer equipment have been associated with the 
cyclical nature of both the supply and demand markets. 
After a prolonged period of steady prices, international 
prices for fertilizer equipment have been increasing since 
1987. due to the strong demand from importing countries . 

Competitiveness in this industry has historically been 
assessed by the price gap that exists between equipment 
producers and process licensors. Production costs arc 
affc:ct~d b~ the price gap. as well as by exchange rate 
vanatm_n~ m the currency of the producing country. A 
compcUt1ve factor, which partially offsets the price dis
advantage for some producers, is advanced technology. 
The development of high-technology machinery tends to 
strengthen the competitive position of the fertilizer 
equipment industry in developed countries compared to 
those in developing countries, since the latter tend to lack 
the human and capital resources needed to develop new 
technologies. 

(ai Equip~nt clauificatinn and process definitions 

In tenns of structure. the fertili1.er equipment industry, 
a'i defined here, comprises manufacturing equipment 
used lo process or transfonn raw materials into inorganic 
or mineral fertilizers. Equipment for organic fertilizers, 
such a'i animal manure, sewage sludge and composted 
organic materials. are nol included. Raw materials con
tain the three essential plant primary nutrients: nilrogen. 
generally expressed in the elemental fonn. N; phospho
rus, generally referred to as phosphates and expressed as 
P20~ or P; and pota'i'iium. generally called potash and 
expressed either in the oxide form, K20, or as the ele
ment. K. Fertili1.er manufacturing equipment is used to 
prr.;;e'is raw malerials ro manufacture: simple fertili1.ers 
containing only one of the three major nutritive ele
ments; compound fertili1er'i containing two (binary) or 
three (tertiary) major nutritive elements; and mixed fer
tili1ers. obtained by mixing 'iimple fertili1.ers. Manufac
turing the first two nonnally involve:i> chemical a" well as 
physical processes. while the third is a purely phy,.ical 
process once simple fertili1ers are available. Figure 
IV.~? presents a production flow chart for the principal 
fertahzers traded worldwide. 

A variety of processes have heen developed to accom
plish these tran'ifom1a11ons. There is a need to include 
proce~s developers along with equipment suppliers in the 
definirion of fertili1.er equipment companies. Many of 
these subordin~les involved in fertili1.er technology only 
develop and license the processes; Cl'.. ... ers may only he 
involved in designing, engineering, conslructing and 
~upplying plants and specific ilems of equipment; and 
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Agure IV .29. Production flow chlirt for prlnclpel fertilizer IMteriel8 
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Socin»: Manual on Ferrilizw sr.tidcs, Economic and Social Developmenl Paper No. 102 (Rome, Food and Agricullunl Organization of Ille United 
Nations, 1991). 

still others arc involved in all aspects of equipment de
velopment and production. The major types of special
iud equipment available today arc listed in table IV.81. 

( b) Recent trends in consumption and production 

Generally speaking, trends in the consumption of fcr
tiliz.er equipment arc similar to those for the types of 
fertilizer produced by such equipment. Because the in
dustry is directly linked to the dfomand for fc11ilizers. 
increases in fertilizer use have raised the demand for 
fcnili1.er equipment and enhanced the tendency to imple
ment newly developed processes at times when the de
mand for finished fcrtili1.ers was on the rise. Recently. 
some large invcstrnt'nL'i in fcrtiliz.er processing plants in 
developing countries have also caused an increase in 
demand for processing machinery (61 ). This ha'i stimu
lated the entire fcrtili1.er equipment industry. Manufac
turers in the North arc Cllpericncing greater growth in 
their Cllport markets. A factor that may limit growth, 
though, is the capital-intensiveness of the industry, 
which leads to long pay-off periods for ellisting tech· 
nologies and extra-high risks in introducing new onc5. 

Lack of data on equipment purchases by country 
makes it difficult to rank the largest consumers of equip· 
ment in the world, but estimates have been made on the 
ba'iis of fcrtili1.er production capacity. Table IV.82 lists 
Mime of the major fcrtili1.er-equipmcnt-consuming coun· 
tries in 1990 according to their estimated current fcrti· 
li1.er capacity, although not ncces5arily all the largest 
ones, 5incc information on all countric!I was not avail-
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able. The three leading consumers in 1990 were the 
United States with about 55 million tonnes, Canada with 
22.2 million tonnes and, surprisingly, India with 21.4 
rriillion tonnes. These estimates also show that seven 
other developing countries, namely Brazil, China, Indo
nesia, Mcllico, Morocco, Pakistan and Tunisia, were 
among the top 20 consumers of fertilizer equipment, 

Table IV.II. Fertilizer pnaui11s equip.eat. 1"2 

Type of cqu1pmcn1 

Ammonia convcr1cn 
Ammonia 11or•1c 

rrch11rc 
llcfn1cr•1cd 

Comprcuon, cc1>1riru1•I 
Fur ammonia 1yn1he1i1 

Comprcuon. rcc1proca11n1 
l'or ammonia 1ynrhe111 
For 11ru 1yn1hc111 

Coolcn 
Corra1.on· rnillanl ma1crial1 

!\.tcralhc 
Son·mcralhc 

Or11hno 
l'crrihlcr h.tndlin& plan I 

na111n1 
n1cnd1n1 
llulk handhn& 

vranularon 
,\mmon111ot1 

Minin1 mach1nc1 
Mill climina1ou 
Nilric ac..S •b10rbcn 
Pho1phatc rock m1ll1 
PhOlphoric acid 

A1i1arot1 
Evaporaron 
fillCfl 

Pipe rcac1on 
rnmn1 1.->wcn 
Rdorm1n1 furnacu lubes 
S11lphur b11rncn 
S11lph11r Mien 
S11lphur 1rindin1 mill1 
Sulph11r mcllcn 
S11lphur pump1 
Superphosphalc dcn1 
Urea 1ynrhe1i1 rncton 

Jourct· The ffrirrsh Sulphur Corporaiion, Wotld DtrtctOf'JOf N.PK.S. 
l'r1xt1s & Plant S11pplim (London, 1992). 



Tablr: IV.12. Major -W -- of mmpa.acl 
ratililltr eqaipmall. 1990 

Consumptioftll Percentage 
Country (thousand tonnes) sba~ 

United States SS 013 17.S 
Caaad:a 22 167 7.0 
India 21439 6.8 
Czechoslovakia 19 220 6.1 
Germany IS 1S6 4.8 
USSR 13 848 4.4 
Brazil 12 940 4.1 
France 12 2SO 3.9 
Italy 8 76S 2.8 
Netherlands 8 380 2.7 
Turkey 8 001 2.S 
Spain 7TI4 2.S 
Indonesia 7 19S 2.3 
Japan 7 061 2.2 
United Kingdom 6 163 1.9 
Morocco s 300 1.7 
Mnico s 198 1.6 
Tunisia 3 913 1.2 
China 3 108 1.0 
Pakistan 2 337 0.7 

lotal 24S 228 77.9 

World 314 800 100.0 

Soun:~= The British Sulphur Corporation, World 
DiT«tary of Fmiliur Mtlllllfaca.rrn (London, 1990). 
II Derived from IOlal ferlilizer capacily, including 

compound fertilizers, by company for each counlry. 
Ill Perccn1age or world IOlal. 

with a combined share of about 20.9 per cent of the 
production capacity for all fertilizer equipment types. 
The countries listed in table IV.83 accounted for over 17 
per cent of the global consumption of fertilizer equip
ment. indicating a high degree of concentration in this 
segment of the industry. 

Conservative estimates of equipment consumption in 
1990, based on the number of purcha"iing companies and 
not tonnes of fertilizer equivalenL"i, are provided in table 
IV .83 also for the year 1990. The data indicale that 
demand for fertilizer equipment was most diversified in 
devebping market economies, with India alone having 
44 companies purchasing equipment in 1990s. Next 
came the United States with 36 companies. A total of 
423 companies are known to purcha'iC fertilizer equip
ment. Of these, 167 are in the developed market econo
mies, 168 in developing market economies, 80 in the 
former centrally planned economies, and 7 in China. 

Table IV.84 provides greater detail on individual 
country and regional market shares in the global demand 
for each fertilizer equipment category in 1991. While 
China was the leading consumer of nitrogen processing 
equipment. it wa.11 only thirteenth in consumption of pot
ash processing equipmenl, and was not listed among the 
top 20 consumers or phosphate pr<l\:essing equipment. 
Canada and the United States were leading consumers of 
pota'lh and phosphate equipment, respectively. The Rus
sian Federation wa11 the second largest consumer of all 
three types of fertilizer equipment. Five newly independ
ent States of the fonner USSR were among the leading 

consumers of fertilizer equipment in the world. Their 
respective shares were as follows: Azerbaijan 0.2 per 
cent of all potash equipment demand; Belarus 15.7 per 
cent of pota'lh equipment; Kazakhstan 2.2 per cent of 
phosphate processing equipment; Ukraine 4.4 per cent of 
the world's consumption of nitrogen equipment. 2 per 
cent of phosphate equipment. :.:nd 1.2 per cent of potash 
equipment; Uzbekistan 1.3 per cent of nitrogen equip
ment and 1.5 per cent of phosphate equipment. Although 
the country is a major process developer. Japan was 
among the top 20 consumers in only one category, nitro
gen equipment. India ranked fourth in the nitrogen 
equipment category, and was only the nineteenth most 
important consumer of phosphate equipment. Morocco 
was the third largest consumer of phosphate equipment. 

As an economic-geographic group, the former cen
trally planned economies of Eastern Europe and the 
USSR dominated the demand market for nitrogen equip
ment. while developed market economies were the lead
ing consumers of phosphate and potash equipment in 
1991. The market shares accounted for by developing 
marltet economies were 26.4 per cent. 28.1 per cent and 
2.7 per cent for nitrogen. phosphate and potash equip
ment. respectively. The dominant shares by equipment 
category were accounted for by Asia with 18.5 per cent. 
Africa with 13.3 per cent and Asia with 2.3 per cent. 
North America was the leading consumer of fertilizer 
equipment among developed countries, with shares of 
13.5 per cent. 33.3 per cent and 35.7 per cent for nitro
gen, phosphate and potassium equipment. respectively. 
The consumption share of the former USSR was signifi
cant in all equipment categories, ranging from 19.1 per 
cent for nitrogen and phosphate equipment to 36 per cent 
for potash equipment. In terms of quantity. world 
consumption of nitrogen equipment was the largest for 
all three types. at over 115 million tonnes of capacity. 
followed at a distance by potash processing machinery 
at 36.5 million tonnes, and phosphate equipment at 
35.6 million tonnes in 1991. 

Woild consumption of nitrogen and phosphate equip
ment has grown over the recent period from 1987 to 
1990. As shown in table IV.85, global consumption in
creao;ed by 5.5 per cent and 2.4 per cent for these two 
categories, but increased by 5.6 per ccnl in !he ca'IC of 
potash processing equipment. Differences in consump
tion among fertilizer lypes and region can been seen in 
figure IV.30. The most remarkable increases in con
sumption over recent years occurred in China, with 
220 per cenl and 140 per cent increases for phosphate 
and potash equipment, respeclively. Construclion of the 
Hubei phosphate project was iniliated in China and its 
implementation has resulted in large purcha'iCs of 
processing equipment. China's phosphale fertili1.er ca
pacity is expected lo increase by l.5 million lonnes by 
!he year 2000. Also. 1he counlry has recently purchao;ed 
large quantities of potash processing equipment for its 
operations in !he province or Qinghai, which arr. ex
pected lo produce around 800,000 lonnes or polassium 
chloride. a polash-based fertilizer. 

Because of the lack of sales data. ii is difficult to give 
precise figures for fertilizer equipmenl production world
wide. However, eslimates may be derived from cable 
IV.86. which groups all !he countries producing fertili1.er 
equipment. Although the cable conlains infonnalion only 
on the number of cornpanic!I in operalion at different 
localions 1hmughou1 !he world. the numbers are a good 
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Economic grouping, Number or Economic grouping, Number or 
region, country purchasing region. country purchasing 

or area companies or area companies 

Dn-dopnl ~ «OllDlnia Qatar l 
Syrian Arab Republic 1 

Western Europe Thaii.nd 
Germany ll Viet Nam 
France 9 
United Kingdom 9 Latin America 
Netherlands 8 Brazil 22 
Italy 7 Argentina 3 

Belgium 6 Colombia 3 

Spain 6 Cuba 3 

Greece s Peru 3 

Ireland 4 Trinidad and Tobago 3 

Portugal 3 Chile 2 

Austria 2 El Salvador 2 

Denmark 2 Mexico 2 
Switzerland 2 Venezuela 2 

Finlaml Costa Rica 
Iceland Dominican Republic 
Norway Ecuador 
Sweden Uruguay 

North Aanerica Africa 
United States 36 Egypt s 
Canada 17 Zimbabwe 3 

Morocco 2 

Oceania Nigeria 2 

Australia s Algeria 1 
New Zealand s Cote d'Ivoire 

Libyan Arab Jamahiriya 
Other Mauritius 

Japan 17 Mozambique 
Israel s Scneg;ol 
South Africa 4 United Republic 

of Tanzania 
Total, A 167 Tunisia 

Uganda 
Dwrloping marUt rconomirs Zambia 

Asia Total, 8 169 
India 44 
Turkey 7 Forma cmrrally plannrd rconomiu 
Indonesia 6 
Republic of Korea 4 Eastern Europe 
Pakistan 4 Romania 11 
Philippines 4 Czechoslovakia 7 
Malaysia 3 Poland 7 
Saudi Arabia 3 Yugoslavia 7 
Taiwan Province 3 Bulgaria 4 

Bangladesh 2 Hungary 4 

Myanmar 2 
Iran (Islamic USSR 40 
Republic ol) 2 

Iraq 2 Total, C 80 
Jordan 2 
Abu Dhabi China 7 
Afghanistan 
Bahrain Total, D 7 
Cyprus 
Kuwait 
Lebanon World, A. B. C, and D 423 

Sourer: The British Sulphur Corporation, World Dir«tory of FmiliHr Manufacturm (London, 
1990). 



Table IV.M. World enn,umptinn of fertilizer equiP,menl by type, 199111 

Siuoge.,.,. Phospha1eU Potuhlll 

!Ynk Economic Consumption Percentage Rank ElconomiC' Consumption Pen:-entagc Rank Economic Con1umption Pen:-encap 

in grouping. (thousand sh.ire or in grouping, (thousand shire or in grouping. (lhouMind 1h1re or 

1991 re&ion or count I)' tonnes) world tOtll 19Ql region or country tonnes) world tolll 1991 region or country tonnes) world 1ot1l 

A. Top consuming countrits 

1 China 19609 17.0 l United Stales ll 249 31.7 I C.n1da II 190 J0.7 

2 RUS5ian Federa1ion ll 690 11.9 2 Russian Federa1ion 3 341 9.4 2 Ruui1n federation 6880 18.9 

3 t.:nited Stites 12 963 il.O J Marotto 2m 7.8 3 BellNA s 740 IS.7 
- - - - 4 lndill 8416 7.J 4 Tunisia I 472 4.1 4 Germany 4800 13.2 

s Ukraine s 103 4.4 s South Arrica 876 2.5 s Uni1ed Stites 1835 s.o 
6 Romaniia JSOS J.O 6 Brazil 8l5 2.3 6 France I SOO 4.1 

7 Netherlands 30SJ 2.7 7 Mexico 819 2.3 7 Israel I 380 3.8 
8 Canad.I 2 851 2.5 8 Kazakhstan 17S 2.2 8 Jordan 840 2.3 
9 Germllny 2830 2.:. 9 Former Yugoslavia 740 2.1 9 Spain 7SO 2.1 

10 lndoncsill 2m 2.4 10 Ukraine 710 2.0 10 United Kingdom soo 1.-4 

11 Mexico 2 419 2.1 II Poland 639 1.8 II Ukraine 4SO 1.2 
12 Poland 2208 1.9 12 Canad.I S67 1.6 12 Italy l~ 0.7 

13 France 1812 1.6 IJ Republic or Korea SSS 1.6 13 China 170 o..s 
14 Bulgariia l'.'21 1.5 14 France 542 l.S 14 Brazil ISO 0.4 

lS Jllpan 1636 1.4 JS Romania 542 1.5 IS Alerbaijan 60 0.2 

16 l.'zbckistan I .549 l.J 16 Turkey 541 1.5 16 

17 Trin~d and Tobllgo I 394 1.2 17 Uzbekistan S30 1.5 17 
18 hialy I J40 1.2 18 Spain 49S 1.4 18 

19 Egypt I 249 I.I 19 Ind ill 493 1.4 19 

20 Pakistan l 210 I.I 20 Belgium-Luxembourg 490 1.4 20 

B. Dn'tlofNd mar1"t teonomits 

Sonh America IS S44 lJ.5 Nonh America II 856 33.3 Nonh America 13 028 3S.7 
Western Europe IJS16 11.7 Western Europe 2 727 7.7 Wes1em Europe 7 BOO 21.4 
Ocunill 610 0.5 Occllma S1 0.2 Oceania . . 
Ocher&' 2312 2.0 Other developedll I 732 4.9 01her developedll I 380 3.1 

~ -- -- ---
'° Tocial JI 982 27.8 Total 16 372 46.0 To11I 22 208 60.1 



N 
I.A 
0 

Trollle IV.M (continurd) 

:-.Oiuogenll PhOlphateU Poe uh~ 

Rank f..ronomK' Consumpuon Percentage Rank F.conomic Consumption Pen:entage Rank Economic Cot\~~mplion Pen:entage 

1n group:\g, (thousand share or in grouping, (thousand share of in srouping. (thousand share of 
1991 region or rountry tonnes) world total 1991 region or country tonnes) world 101al 1991 region or country tonnes) world total 

C. Formrr ctnrralry planMd «onomits 

Fonner t:SSR 22 913 19.9 Fonner USSR 6 BOS 19.l Former USSR I] 130 ]6.0 

Eastern Europe 10 119 8.8 f.Mtem Europe 2 Ill 6.0 Eu1em Europe 
-- -- --

Total )) 042 28.7 Total 8 9]6 25.l Total I] 130 36.0 

0. ~lopfltg trUJIUr «onom:~s 

Africafl )(8) 2.7 Afri,Ql/ 4 7)) ll.l Afric:atl 
~ 21 238 18.S ~ l S30 9.9 Asiall 840 2.l 

Latin America 6 103 S.l Lalin America 1 719 4.8 Lalin America 130 0.4 

-- -- -
Toe al 30 421 26.4 Toca I 9 982 28.l Total 990 2.7 

E. Cmtrally planMd Asia 

QUna 19tm 17.0 China 291 0.8 China 170 0.5 

TOlal 19609 17.0 China 291 0.8 China 170 0.5 

World. A. B. C, D a"4 E us OS4 100.0 World, A. B, C, D and E lS S81 100.0 World, A, B, C, and D ]6 498 100.0 

Soeuu: World Bant/FAO/U!'-100 Industry Work.mg Group on Fenilizeis, World and Regional Supply and Dtmand Balanca for Nitrogrn, Phosphate, and Powh, 1990/9/./996/9'1, World Bank Tec:hnical Paper 
:"o. 176 (Waslling1on. 0.C., World Bank. 1992). 

II Approximated by !&Sing renilizer capacity by ruuntry and region. 
!ii lllousand tonnes of ammonia. 
s/ Thousand tonnes ol pbosph<>ric acid. 
ii lllousand tonnes of powll. 
s/ South Africa. Japall and lsnel. 
!/ Emudin& South Africa. 
II Exludift& Japan and W.CI 



Tabk IV.IS. Wadll -•plm al rcrtilisr ,,;r-ipmcat 
by lJPC ud by rqioa, 1917 allCI 1 

(Million tonnes) 

Economic Consumption Percentage Percentage 
grouping or change share 

region 1987 1990 1987-1990 1990 

A.Nillofm 
Developed market 
economics 
North America IS.8 lS.8 13.4 
Western Europe 12.3 12.4 0.8 10.S 
Oceania 0.6 0.6 o.s 
Othc~ 2.3 2.4 4.3 2.0 

Total 31.0 31.2 0.6 26.4 

Developing market 
economics 
Africa 1.8 1.8 1.S 
Latin America s.o 6.1 22.0 S.2 
Asia 21.1 23.2 10.0 19.6 

Total 27.9 31.1 11.S 26.3 

Former centrally 
planned economics 34.2 36.1 S.6 30.6 

China 18.8 19.7 4.8 16.7 

World 111.9 118.1 s.s 100.0 

B. PhoS[JlltW 
Developed market 
economics 
North America 12.1 12.1 31.2 
Western Europe 3.6 3.S -2.8 9.0 
Oceania 0.1 0.1 0.3 
Othc~ 2.4 2.4 6.2 

Total 18.2 18.1 -o.s 46.7 

Developing market 
economics 
Africa S.4 S.4 13.9 
Latin America 1.8 1.8 4.6 
Asia 4.3 4.6 7.0 11.9 

Total 11.S 11.8 2.6 30.4 

Former ccnlrl•lly 
planned economics 8.1 8.7 7.4 22.4 

China 0.1 0.2 100.0 o.s 

World 37.9 38.8 2.4 100.0 

c. Potash 
Developed market 
economica 
North America 9.9 11.2 13.1 33.0 
We11ern Europe s.s S.6 1.8 16.S 
Oceania 
Othc~ 1.3 1.4 7.7 4.1 

Total 16.7 18.2 9.0 S3.7 

Developing marker 
economies 
Africa 
Latin America 0.1 0.1 0.3 
Asia 0.8 0.9 12.S 2.7 

Total 0.9 1.0 I I.I 2.9 
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Table IV.IS (con1in11td} 

Economic Consumption Percentage Percentage 
grouping or change share 

region 1987 1990 1987·1990 1990 

Former centrally 
planned economics 14.5 14.6 0.7 43.1 

China 0.1 0.3 

World 32.l 33.9 5.6 100.0 

Sources: lnrprovini 1~ Supply of FmilizDs ID /Jr\rioping COllllllTa, World Bank 
Technical Paper No. 97, Industry and Energy Series (Washington, D.C., World 
Bank, 1989); International Fertilizer Industry Association, Summaty of Wartd 
Fmiliur Capacitia (Paris, 1991). 
II Approximated using fertilizer capacity oC each region. 
~ Israel, South Africa and Japan. 

Table IV.16. World producen of Jcrtilinr cqaipmne, 1'92 

Economic grouping, 
region, country or area 

~ nuria «onomia 

Western Europe 
United Kingdom 
Germany 
France 
Italy 
Belgium 
Netherlands 
Spain 
Sweden 
Switzerland 
Finland 
Austria 
Greece 
Ireland 
Norway 
Portugal 

North America 
United States 
Canada 

Oceania 
Au1tralia 
New Zealand 

Other 
Japan 
South Africa 
Israel 

Total, A 

Dndoping marlut «onomin 

A1ia 
India 
Singapore 
Republic oC Korea 
Saudi Arabia 
Hong Kon& 
~hlaysia 
Thailand 
lndon.:sia 
Taiwan Province 
Turkey 

Number oC 
companies 

in operation 

64 
52 
34 
25 
17 
16 
14 
11 
9 
7 
4 

109 
22 

14 
1 

43 
7 
3 

460 

18 
10 
6 
6 
s 
s 
s 
2 
2 
2 

Economic grouping, 
region, country or area 

United Arab Emirates 
Brunei Darussalam 
Iran (Islamic Republic oC) 
Iraq 
Oman 
Pakistan 
Ph:tippines 

Latin America 

Number oC 
companies 

in opcra t ion 

2 

Brazil 21 
Mczico 7 
Argcnlina 5 
Venezuela 3 
Colombia 2 
Chile 2 
Bahamas 

Africa 
Nigeria 2 
Tunisia 2 
Algeria 
Egypt 
Libyan Arab Jamahiriya 
United Republic or Tanzania 

Tc.tal, B 118 

Fonrin cmrrally planMd «onomia 

Eastern Europe 
Poland 12 
Czech05lovakia 3 
Hungary 
Romania 

Former USSR 
Russian Feder11ion 5 
Ukraine 

Total, C 23 

China 7 

Total, D 7 

World, A, 8, C and D 608 

Soun:~: The Briti1h Sulphur Corporation, World Di"ctory of N.P.K.S. Proctu and Plant Supplim (London, 
1992). 



Figure IV.30. World consumption of fertilizer equipment by type and by region 

l _50
0 

10. l°o 

6
-- ·_:-;

70

~3°0 
20.1°0 // 

/ 

58.6°0 

Nitrogen 
Total· 115.6 m1lhon tonnes 

33.1°0 

Key. I 
0 
n 
L .. c 

• 
0 
0 

North America 

Western Europe 

Africa 

Latin Amenca 

Asia 

Other 

I 

16.6°0 \ 

Potash 

9.6°0 

12.7°0 

Phosphate 
Total: 36.3 m1lhon tonnes 

476°0 

Total: 33 8 m1ll1on tonnes 

Sourn•s lrnpravmq the Supply al Fer11f1re.-s to Df'vf'lop111g Counmes. World Bank Technocal Paper No 97. lnduslry and Energy Series. (Washmgron. 
O C. 1989). and lnlernal1onal Fert111zer lnduslry Assoc1at1on. Summary ol World Fertilizer Capaat1es (Pans. 1991) 

ind1l·ation 11f tht.' dq:ree of .:0111petit1on ;iml ;1l'.livity ;it 
'pt.°l'lli.: 'itt.',, 

There art.' ;ihout hOH .:ompanil'~ manufacturing krti· 
l11t.'r l'ljlllJlllll'nt v.orllh.\ ide. The majonty of thl'''-' .:om· 
IMIHl'' an· 'uh,1d1artl'' of lran .. national corporations in
\ olH·d 111 rl·l.1ted ;ll'tl\it1l',. <her thrcl' fourth' arc hl\:atc:d 
111 dnl'lopc:d m;irkl't t.".:11110111ie,, with Wl',tcrn Europe 
.tlonl' ho,tlll)! 2<1 I .. u.:h .:0111p;1111l',. The: l'. nitcd Stall'' ha' 
thl· IM)!l''I numlx·r of krtil11c:r l'l(lllpmc:nt l·omp;mil'' 
v.1th a tolal of I 01J; Japan ha' ah1Hll ·'-' .:ompanic,, wl11k 
thl· l 'ntt•·•I Kini-:dom ;ind Cil·rmany h;1vl' (wand 52. rl'
'Jll'l'llH'I}. ,\'1a kad' till' dnl'lop111i,: market l'l'ono1111c,, 
v.1111 111} l'Olll(l•Hlll''· whcrc•" ,\fn.:a ho'h only H. lk· 
.-;111\l' 111 hm11t·d ;1\,11l.1hil1l} of data 1111 prodlll'llon. a 
turtlwr .:omp.1r.1l1H' an;il~'" of prodlll'l11111 trend' wa' 
not ;1lll'!ll(lleJ. 

1. J.fajor companirf ;,, tlie 1:/oha/ indu.ftry 

Snl·r.il ol till' world', ka1:111i-: l·ompanic' produnn!! 
l'q111prrwn1 tor tilt' ll'r11l11l'r 1nd11,1ry al"' manufal·turr 
l'q111p111l'lll "'l'd 111 the: dwmil·.il and fllllll'ral pr11l'l'''ini: 
1111hl\lrll''· h1r lhl' fl'a"lll, 11 I' not 1111"1hlc lo 1kll'r11J111l' 
lhl" \ .1l11c ol lhc 'all'-. and profih )!l'lll'rall'd hy ll'rt1h1er 
l'l(lllJlllll'nl prod11l'lro11 ;il1111t.'. I :,e 11111'1 rathc~ hl· madl' of 
111!orma11on on l·11111pan1l'' thal hn:n'c pn11.'l'"l'' and 
tci:hnolo).'y. 1ha1 dl''l)!n. t'll)!llll'l'r and h11ilil plant~ .. and 

that 'upply major items of Cljuipmenl spc.:ifii:ally used 
hy the fertih1.er indu,lry 1621. 

llwre is ollen a high dc)!rce of spc.:iali1;11ion hc:lwecn 
the hasi.: three eqmprnent .:ategoric' and 'ometimc' 
within eal·h c1tl')!ory. Oli!!or<11i,tii: produ.:c:r organi1.a
lion~ dominate the equipment tmsinc's today. A major 
111ig11p11li,til· trait of the: indu,try con.:crn' the hi)!h har· 
rirrs to entry whid1 potential newrnmers face. Entry into 
thl' ind11,try i' inhihite1I hy sn·eral important fo.:tors: 
\cry larj!l' investment co'!' rc:11uirl'tl for equipmt.'nl 
plant'; tliflirnltil'' .. ,.,.11.·iatcJ with a.:q11inn)! the: requ1~itc 
tl'd111oloi:1ral !..now-how. 'ince exr,ting rn;qor equipment 
produrl'rs ov. n till' palc:nh anti lin•ni;c,; anti the exi,t · 
crKe of lar!!e 111tci:ra1c:d chemical and pctnl\:hemical en· 
gmet."rin!! .:ompame-. that 'eem' to operate lllllrl' l'l'o
nomi.:ally than 'c:paralc: operati.ins. at lca,1 in the .:a .. e of 
nllrogrn cq111pmcnl. Moreover. inthi'try a'so1.:i:111on' in 
drvelopctl markl'l economies haw a dens1vc 111tlu1·n.:e 
on rl')!Ulating the fer11li1l'r indu,try as a whole. Thc'c: 
a'"~iation' exhihit hc:haviours whil·h i' 'omel1111e' 
;11tnhutcd lo i:artl'ls. l'Xerl·i,in!! i:onsi<ll'rahle infhll'nl'l' "" 
prll'e o;e1t1n)! anti other condition' of the 111tl11stry. Devel· 
opin!! i:ountrieo; most oftl'n la.:k the mean' to devc."lop a 
heavy indu,try '11d1 a.·. the ferlili1er equipml'nt indu,try. 
and have not hi,tom·ally hc:en in a Jl<"ition to intluenl'e 
major market forcl',, although the situation today io; 
i:hang111)! 111 'ome extent. 
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(a) Uirgest compani~s in the Nortlr 

A list of the fertilizer equipme!ll manufacturing com
panies located in the North with the major types of 
equipment they produce is given in table IV.87. There 
are 12 developed market Cl.-onomies that produce special
ized fertilizer equipment. Poland is the only former cen
trally planned economy where fertilizer equipmen~ plants 
are known to exist. although process developers are ac
tive elsewhere in those economies. 

In the United States, Fecco International Incorporated. 
a Wisconsin-based firm offers a wide variety of cq.iip
ment. The company, established in 1951 and under the 
same ownership today, has as its principal activity the 
desi;;n and supply or granular fer-jlizer equipment and 
processes. A. J. Sackett & Sons. four.ded in 1987. is one 
of the oldest companies involved ir. fertilizer equipm'!nt 
manufacturing in the United States. It holds many pa
tents in the industry, and continues to design and build 
systems for bulk blends, liquid fertilizers, complex ferti
lizers and superphosphate manufacture, together with 
associated equipment. By working wit:1 an international 
network of dealers. distributors and agent organizations, 
Doyle and VERT-TEX (its export agent) are proving to 
be most e"""!Clive in providing local areas with direct 
sales and local service. 

Among process developers. Dravo Corporation is a 
highly intcgralcd r.l'mpany with intcre<>ts in construction, 
process plants and facilities. manufacturing construction 
equipment and consulting engineering. It is a typical 
example of a fertilizer equipmer.t company which is also 
involved in engineering and construction of ferrous and 
non-ferrous mineral- and metal-processing facilities, and 
many other industrial installations. The company sup
plies specialized equipment for ammonia storage, ferti
lizer handling plant~. granulators, equipment for phos
phoric acid manufacture and catalysts for sulphuric acid 
manufacture. 

Another major process developer in the United States 
is Foster Wheeler Corporation, a New-Jerscy-ba~ com
pany which is a leading designer, engineer and construc
tor of plants not only fort~ fertilizer industry, but also 
for the petroleum, petrochemical, chemical, coal-conver
sion and other energy-related industries. It operates 
worldwide in conjunction with its subsidiary companies. 
offering complete project management services and op
erator training in addition to it~ design, engineering and 
construction activities. 

The Rcnncburg Division of Heyl & Patterson Incorpo
rated, established in 1874, is another well-known equip
ment designer in the United States that spcciali1.es in 
nitrogen equipment. Jacobs Engineering Group Incorpo
rated, which acquired Dorr-Oliver in 1974 and Zellars
Williams Incorporated in 1981. has been in operation 
since the 1930s, and is an acknowledged leader in the 
design and construction of facilities in the fertili1.er in
dustry. The M. W. Kellogg Company, based in Houston, 
Texas, i~ a subsidiary or Dresser Industries Incorporated, 
and was founded in 1901. It is a major international 
design, engineering and construction firm which has 
been a com;iderable force in ammonia and nitrogen fer
tili1.er technology for the pain 35 years. In 1983. M. W. 
Kellogg designed a new ammonia process that rcvolu
tioni1.ed the industry by considerably reducing fuel and 
energy requirements. Struthers Scientific & International 
Corporation of Pennsylvania is a major equipment de-
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signer and fabricator serving the p- rl'.,•ss industry with a 
specialized line of heat transfer and higi1-prcssure pro
ducts. It was eslablishcd by 5truthcrs Wells in 1960 with 
the aim of promoting specialized equipment through li
censee fabricators strategically located amend the world. 

It is not uncommon for Gil and gas companies to own 
branches that specialize in fertilizer technology develop
ment. This is more common in the nitrogen equipment 
industry since petroleum producers have the natural gas 
supplies needed in nitrogen production. Typical exam
ples of such firms arc Amoco. Exxon. Shell and Texaco. 

The Tenncsscc Valley Authority (TVA). an energy
producing agency of the United Stales Government 
which is also respor.sible for fertilizer research and de
velopment. controls the National Fertilizer and Environ
mental Research Cenler at Muscle Shoals, Alabama. 
through which it can obtain United States patents and 
negotiate non-exclusive licences for use of the technol
ogy. The organization has developed several processes 
for fertili7.cr production, although its current emphasis is 
shifting more towards environmental impact studies. 

A great number of fertilizer equipment manufacturing 
plants arc also located in the United Kingdom. These 
companies, unlike the majority of those in the United 
States, tend to speciali1.e in one or two types of equip
ment. For example, Begg. Cousland & Company, which 
has been in existence for more than 130 years, manufac
tures fibre filters used in platinum recovery from nitric 
acid plants, and mist eliminators used in sulphuric acid 
planl'i. H.J. Digw.xxi, on the other hand, specializes in 
fertiliz.cr-handling plant equipment, including equipment 
for bagging, dry bulk blending and bulk handling. 
Friatcc and Hayward Tyler are well-known fabricators of 
sulphur pumps in the Un•tcd Kingdom. Many other com
panies in that counlry concentrate on the development 
and engineering of fertili1.er plant~. Among these, the 
better known are Davy Process Technology, H & G 
Process Contracting, Hydro Agri International Licensing. 
John Brown Engineers & Constructors and Johnson 
Mauhey PLC. The majority of these companies also 
operate overseas, and often own subsidiaries or arc asso
ciated with other companies i11 Latin America, India and 
other European countries. 

S'lme important process developers arc located in 
Germany. Although these companies do not manufacture 
speciali1.ed equipment for the fertili1.er induslry, they are 
responsible for designing a gre;it number of processes. 
Some of the major Gennan process developers are Lurgi 
GmbH, Linde AG. Kali and Sal7. AG in the field of 
potash cq•1ipment; and John Brown Deutsche Engineer
ing GmbH. formed hy a merger between the Austrian 
Yoest-Alpine lndustric.-nlagenbau GmbH of Lin7. and 
Deutsche Engineering der Yoest-Alpine lndustrieanlagen 
GmbH. The latter company is active not only in fertili1.er 
technoloiy. but also in polymer and synthetic fibre tech
nology. 

Italy is also actively involved in fertili1.er technology. 
Although most of the companies established in that 
country have parent companies elsewhere in the North. a 
few of them, such as Enichem Agricoltura SpA and 
Snamprogeui. operate independently and are major sup
pliers or fertili1.er equipment and technology. Nuovo 
Pignone of Florence speciali1.es in compressors for both 
ammoni:t and urea synthesis. Snamprogeui SpA of Milan 
is perhaps the largest process developer and plant de
signer in Italy. Sixty per cent of that company is owned 



Tabk IV .17. Maalllact•IUS of ratililer cqt1ipmcat ia tllc Hart•. 1992 

Countr1 and company 

Uttitttl Slllm 
Ferguson Industries. Inc. 
Struthers Scientific al International Corp. 

Feeco International. Inc. 

Alon Processing. Inc. 
Chemipulp ! Jens.sen 
Doyle Equipment Manufacturing Co. 
Cooper Energy Scr.·i;:cs 
The A.J. Sacken al Sons Co. 
Koch Engineering Co., Inc. 
Chas. S. Lewis al Co .• inc. 
Andrilz Sprout Bauer. Inc. 
Heyl al Panenon. Inc. 
Kennedy van Saun CGrpOralion 
Jim Browder Cc;mpany 
CECO Fillers, Inc. 
Monsanto Env1ro-Chem Systems, Inc. 
Sorton Chemical Process Products 
Tuthill Corporation, Tuthill Pump Division 
Swenson Process Equipment 
Vulcan Cincinnati, Inc. 
Bird Machine Company 
Eimco Process Equipment Co. 
Jacobs Engineering Group, Inc. 
Vulcan Cincinnati, Inc. 
Fybroc/Met-Pro Corporation 
Dean Pump/Met- Pro Corporation 

lXnma1k 
Haldor Topsoc A/S 
Noro A/S 

Poland 
Polimcx-Cekop Ltd 

Prosynchem Engineers and ~on1ractors 

Ntrhntands 
Kinetics Technology International BV 
Hosokawa Micron Europe BV 
rannevis BV 

Unit'd Kingdom 
lnco Alloys International Ltd 
The Accrington Brick cl Tile: Company 
Corning Process Sysiems·Corning l.td 
Newell Dunford Ltd 
11.J. Digwood Ltd 
GEC Mechanical Handling l.td 
Richard Simm It Sons 
Polysius Ltd 
Begg, Cousland A Co l.td 
friatec l.td 
Knit Mesh I.rd 
Bradley Pulverizer Co. 
Wellman ProceH Engineerina Lrd 
Delkor I.rd 
Pierson A Co. 
tlay•nrd Tyler Pluid Dynamin I.rd 

.'iwia,,fand 
Seiter Escher Wy11 I.Id 

Type of equipment 

Ammonia converters 
Ammonia converters. nitric acid absorbers, reforming fumaccs, 
urea synthesis reactors 

Ammonia storase. pressure su .... se (n:friseratcd). fertilizer handliag 
plant. ammoniators. phosphoric: acid ewaporators. sulphur buncrs. 
sulphur grindiag mills. superpllospllate clcas 
Corrosion-resistant materials (aactallic) 
Coolers. sulpllur burners and mellers 
Fer1ilizer haadling plant 
Centrifugal compressors 
Fertilizer llaadling plant, ammoaiators, superphospllate dcas 
Corrosioa-resistaat materials (non-metallic). mist eliminaton 
Corrosion-resistant materials (metallic), sulpllur pumps 
Fertilizer llandling plant (bulk llandling), granulalors 
Ammoaialors 
Ammonialors, si:lphur grinding mills 
Mist eliminators 
Mist eliminators 
Mist eliminators 
!'Oitric acid absorbers 
Sulphur pumps 
Phosphoric acid evapora1ors 
Phosphoric acid evaporators 
Phosplloric acid filters 
Phosphoric acid fillers 
Pipe reactors 
Prilling towers. urea syn1hesis reac1ors 
Sulphur pumps 
Sulrhur pamps 

Ammonia converters 
Granulators 

Ammonia converters, ammonia 11ora1e. coolers, 
mist eliminators, nilric acid abiOrbers, 
prilling rowers, urea synthesis reactors 

Ammonia converters, coolers, mist eliminators, nitric acid 
absorbers, urea synthesis reactors 

Ammoni:i storage, reforming furnaces (lubes) 
Granulators. phosphate rock mills, 1ulphur arinding mills 
Phosphoric acid ri11.:rs 

Corrosion-resis1ar.1 materials (metallic) 
Corrosion·resis1an1 materials (non-metallic) 
Corrosion-resis1an1 m~terials (non-metallic) 
ferrilizer handling plant, 1mmonia1or1 
fertilizer handling plant 
l'crlilizer baggina and bulk handling 
fcrlilizer ba11ing and bulk handling 
Fenilizer bulk handling 
Mi11 eliminators, phosphoric: acid fil1er1 
Mist climina1ors. sulphur pumpc 
Mill eliminarors 
Phosphate rock mills, supcrphosphllc dens 
Phosphoric acid evaporators 
Phosphoric acid fillers 
Phosphoric .ec1d fillers 
Sulphur pumps 

Cenrrifugal and rcciproca11n1 compressors, coolers, 
phosphoric acid evaporators 
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Country and rompany Type oC equipment 

Centrifugal romprasors ror ammonia syntllesis. 
rttiprocating compressors ror urea syntbcsis 

Sllll!dar 
Saadwik Steel 
CclkbcmAB 

Corrosioa·raistant materials (metallic) 
Sulphur mclters 

·"""-1 
Hydro Packaging Fertilizer bagin& and bulk handling ..... 
Miaproc: Engiaccrs Pty Ltd Mist eliminators 
Cbcmical Coastructioa ti: Equipment Ltd Phosphoric acid filters, sulphur pumps 

&f&iir-
Aaclicr Louis Carton SA Cook: rs 
Moasanto Europe SA 
Prufik SA 

Mist eliminators 
Phosphoric acid filters 

C-* 
fitjng Industries Ltd Coolr:rs. rerailizer llaadling plaal, graaulalors. 

nlpbur &finding mills 
Cook rs Cominco Engineering Services Lid 

Ccmc1ics lnterna1ioaal Co. Lid 
Proc:bcm Mixing Equipmenl Lid 

Conosioa-resis1an1 materials (mc1allic) 
Pllosplloric acid agitators 

Spmiil 
ESPNDESA Pipe rc"aclors 
lntccsa Uhde Industrial SA Pipe reactors. rcrorming iurnaccs (1 .. bcs) 

~r.. Tiie British Sulphur Corporal ion, World DiTtcloty of N.P .K.S. Procas tJlld PfaN Supplitn (London, 1992). 

by Eni, and 20 per cent each by Snam and Agip. The 
activities of Snamprogetti arc spread worldwide and in
volve the Jevelopment. design and coostruction of indus
trial facilities and associated infrastructure. including 
pipelines and planl\ for offshore processing. refining, ~a.\ 
treatment, fertilir.ers, chemicals, energy system.~. metal
lurgical proces.\ing and waste trealment. Both Tecnimont 
of Milan and Tecnol<>gie Progetti l..avori of Rome arc 
important fertili1.er plant construclors in Italy. 

The fertili1.er equipment industry of France is well
known for the contribution of companies such as 
Heurtey Industries, Le Carbone-Lorraine and, especially, 
Krebs & Companie SA to fertili1.er equipmenl design 
and planl construction. In Japan. major process develop
ers are also aclive in the shipbuilding induslry, for exam
ple, Mil\ubishi Heavy lndustriei;, Mi1sui Engineering & 
Shipbuilding Company and Hilachi Zo~n Corporalion. 

In many ini;1ances, engineering design for ferti1ir.er 
planls is provided by process licensors such il.\ 

M. W. Kellogg and Uhde GmbH for ammonia and 
Snamprogcui SpA and Toyo Engineering for urea. In 
other ca~s. the proces!i licensor sells the lechnology and 
ba,ic er:gineering through a predetermined limiled 
number of engineering firmli. Thu\, the DSM urea proc
ess is generally markeled by s.amicarbon, which pro
vides lhe basic engineering. bul wilh engineering pro
curemenl and conslnaction !iupervi!iion services availahle 
from a limiled number of other engineering companil'!!i. 
In some cases the process licence and baliic engine~ring 
are wld direclly lo clienl!I who ali!lume responsibili1y for 
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deiailed engineering. As the taller are restricted to manu
facturers having significanl experience in tl.e indu!iL'}'. 
many companies in lhe North arc affiliated wilh other!i. 
For example. Compania Tecnica ln1emazionale Pmgetli 
SpA (CTIP) of llaly and Bufcle lndu."iliial of Mexico are 
both affilialed wi1h M. W. Kellogg; and Monsanlo 
Enviro-Chemical Syslem.\ lncorporaled of SI. Louis, 
Missouri, is affilialed with Monsan10 Europe SA. a com
pany ba\Cd in Belgium. Olher companies also have sub
sidiaries, for example, Norton Chemical Proce!ili Pro
ducts of Akron, Ohio. which owns subsidiaries in bolh 
Ja:>an and lhe Uniled Kingdom. 

Several lran!inalional corporalions deal both wilh pro
ces."i know-how and wi1h the main engineering and con
slruction ac1ivi1ies in nilrogen production. These include 
M. W. Kellogg. Fluor. Brown & Root Braun and fo.;ler 
Wheeler in the Uniled Slale!i; Snamprogeui and 
Tecnimonl in llaly; Slamicarbon in lhe Nelherlands; 
Uhde GmbH in Germany; Heurtey lnduslriei; in France; 
and Toyo Engineering. Mil"iubi!ihi Heavy Industries, 
Mitsui Engineering & Shipbuilding Company and 
Sumitomo in Japan. Technologies for ammonia syn1hesili 
an<f furnace design are reslricled lo very few sources. In 
ammonia proce!ising. lhe procelising !ileps wilh naphlha 
as a feedlilock are subslanlially lhe same a"i lhose u1ili1.
ing nalurc:I gas, and 1he sources of lcchnology are usually 
lhe !lame. A close relationship has also lended lo develop 
helw,.en lhe applicalion of particular lechnologies and 
lhe use of engineering and conslruclion ~rvicei1 from 
certain corporation!>. 



(bJ lar.,~st companies in the South 

Manufacturers of fenilizer equipment in the South are 
listed in table IV .88. F.mmring adequate fenilizer sup
plies has necessitated major in•;estments in domestic fer
tilizer produL'tion capability in a number of countries. 
Priville participation has been encouraged in the fenilizer 
sector. generally in the form of joint ventures. Abundant 
raw material resoun."Cs. such as natural gas. phosphate 
rock and potash. provide L-onsiderable SL"Ope for fertilizer 
prodUL-tion in several developing L-OUntries, with oppor
tunities for setting up production facilities. including 
equipment manuf3L-turing (631. 

While the consumption of fenili7.cr equipment in de
veloping countric~ ha" rism significantly over the years. 
equipment production is still concentrated in developed 
countries. However. recent iocrca.o;es in fenilizer equip
ment capacity have taken place in Brazil. India and the 
Republic of Korea. "Iltcsc countries arc the only produc
ers of fertilizer equipment in the South. although process 
modification has taken place at other sites. Governments 
in these countries have been ve:y acli\·e in the acquisi
tion of foreign technology and lnow-!low and the adap
tation of new technologies. There arc three companies 
which manufacture fenilizcr equipment in Brazil today. 
About 15 others have obtained process licences from or 
arc affiliated With larger entities or the North. These 
companies are steadily diversifying into a grcaler variety 
of equipment. and oflc:01 manufacture a wide range of 
chemical and petrochemical equipmenl and product" a" 
well. India has a similar structure. wi1h two companies 
manufacturing equipment and a great number of others 
involved in proc~s design and improvements. 

While there is considerable potential for the growth nf 
fcrtili7.cr equipment production in developing counlries. 
several constrain!!> need lo be more effC\:tive:y tackled. 
Most imponantly, !here are very limited Rand D facili
ties. except in Brazil and India, and the manufacturing 

facilities ;.re heavily dependent on imports or spare pans 
and 1."t>mponcnts. implying that there may be a need to 
redUL"C dcpendcnL"C on impc-.ns. Thus. while the techno
logical capability to ensure adrquate and efficient manu
facture of fenilizer equipment in developing L-ountries is 
still inadequate. considerable progress is being made in a 
few countries. 

J. Capacily utilizJllian tuUl upansion plans 

Although deprcs~ world CL"lmomic conditions arc 
currently ca:ising stagnalion in investments in the feni
lizer equipment market. expansion plan~ are still being 
carried out to implement new equipment design. Infor
mation on recent c;ipacity expansions •vorlJwide for 
equipment manufaL'1uring plants is not available. Thus. 
data availabilily restncts the present analysis to rc1.-en1 
purcha.o;es of equipment by plant" that have plans to pro
dUL"C above 400,IXX) tonnes of fertiliz.cr pmJucts per year 
as shown in table IV .89. It is importanl to note thai a 
significant number of other feniliz.cr companies not re
viewed in thi;; survey have rrcently made pun:ha.'iCS of 
equipment. and arc projecting expansions of a smaller 
magnitude than •hose discussed. 

In (srael. new fenilizer equipment is lo ~ ir.stalled by 
Negev Phosphatcs/Rotem Fenilizers al 1he Bikat Beer 
Sheba proces.,.ing plant by 1995. This equipment consist" 
of facilities for pho,.phoric aciJ pnxluction (64). Equip
ment purchased from the Jacobs Engineering Group to 
process potao;sium chloride is to be installed in ll)C13 in 
Jordan at its Dead Sea fertilizer plant This repre"'t!nl'i ~ 
most significant recent purcha.'iC by any single company. 
There arc plans in Saudi Arabia 10 utiliz.c the Prayon 
process licensed by Lurgi GmbH and Cc•ppee La\·alin 
NV/SA for its Al Jubail phosphoric acid plan!. Thailand 
ha.'i plans to purcha.'iC pola.'isium chloride lechnology 
from lhe Jacobs Engineering Group lo :ncrea'iC ils feni-

Table IV.II. M•Hfacl•Rrs al fertilizer eq•ipman ia 1be So.1•, 1992 

Main category 
o( equipment 

Ammonia conveners 

Ammonia storage 

Granula1on. 

Phosphoric acid 

Pipe reactors 
Reformin1 furnaces 
Sulphur grinding mills 

Equipment 
sublypc 

Pressure storage 

Refngcralcd 

Evaporarors 

'.\;ame of company Country 

C:obrasma S./\. Bra11I 

~ordan lndusin.u 
Meralurgicas S.A. Brazil 
"ior~on lndusrrias 
Mclalurgu:as S.A. Bruil 

llrndusran Dorr·Oliver I.id India 
Jaragua Sf A lndusrri• 
Mccanica Hra11I 

ll1ndusr .. 11 Dorr-Oh .·er I.rd India 
hragua Sf I\ lndusrria 
'.l.frcanica Bra11i 
lhndullan l>orr·Oliver I.rd India 

I lindullan r>oor· Ohvcr l.r•: India 
K1nr11cs Technology India I.Id India 
Jaragua Si A lndus1na 
Mccan ice Rra11I 

-----------·---------------·-----···--------------·--,-··--· 
.'inuru: The Rnri•h Sulphur l"or'."l<Jrar1on. World />irr<tory nf N.P.K. ~. Pma.i.r and l'lant Suppl1m (l.ondon. 

1?92). 
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Table IV.19. RHtnl puttha111 or rertlllatr tqulpmtntal 

Counuy and Equipmc.11 Capaicity Eqluted 
con1nnor licensor Compainy l.ocation Product (thousand tonnes/year) completion 

A. Pho1phatt and P01auium 

lsnel Neacv Ph01ph1ta/ Bikat Rcer Sheba Ph01phoric 1rid .soo 199:S 
Rotcm Fenilizen 

JordAn Jacobs Dead Sea Olcmical Dead Sea Potualum chloride 1800 1993 

MOn>CC"O omcc d11!rifien Maroc PhOlphorc V PhOlphoric acid 600 
du ph01pha111 

Saudi Arabia 
Lurp/Coppee La1111lin Pn)'Oll NCFC Al Juball Phosphoric 1cid 540 

Syrian Arab Republic 
Bouypcs/Coppcc 
Lavalin Pnyon General Fenilizer Co. Palmyn Trisodium ph01pha1e .soo 

Thailand 
Jacobs Barmet Naron1 Potauium chloride 1 000 
Mi:sui En1inccrin1 
" Shipb1&ildin1 M1pT1 Phut Nitrosen, phosphor..• 1 000 

and po1111lum 

t:nitcd Sta1ca Mobil Minin1 .t Minerals Co. South Fon Meade Ph01ph1tc rock .. 000 199:S 

8. Nitto~n 

A1&1tri& 
John Brown DcutKhe John Brown Apolini Uni Ammonium nilrate '462 1993 
En&incerina l>cutKhe EnJincerin1 

Bahrain Gulf Petrochemical .. .. Urea •9S·S60 1994 
lndllltrics 

Banpadcsti 
Chiyoda Corporation Haldor Topsoe Kam1phuli Co. Lid Chi111san1 Ammoni1 "'°' Suspended 
Mi111abishi Huvy 
lnd1&11rics Sn.improscui/H)'dro Jamuna Fcnilizer Tarakandi Urea S60 1992 
Toyo Eqiaccrin1 Toyo Fenilizcr Factory Lid Ohonsal Urea '469 

Bulpria 
Urea TechnolcJ&iel Urea Technolo&ica Chimico Vntu Urea 660 199:S 



Canada 
Uhde OmbH Uhde OmbH Suld'e"° ProchK'll Belle Plaine Ammonia 407 1992 

auna 
Technip Sn1mprop1ti Olina National Technical Pulln1 Uru 571 1993 

lmpon Corporation 
Tediaip Sl\llmproplli Olina National Technical Jin.Id Uru .m 1993 

lmpon Corporation 

India 
SaamPfOlltti Snamproplli NaprjU1n1 Fenilizcrs Kl kinda Urea 495 1992 

A Olcmicall Lid 
Urea TechftOklCica Urea Tccbnolc>sia Madru Penllizcrs Lid M1dru Uru 415 199.S 

lndollcsia 
HaJdor Topoc Halclor Topoc P.T.Klliman11n Timur Bontan1 Ammonia .595 1992 

(Persero) 
IKPT M.W. Kellog Pctrokima Oruik f.ut JIYI Ammonia 446 1993 
To,o EnJinecrin& Toyo En&inccrin& P.T.Pupuk Sriwid1j1 Palcmbln& Urea .579 1993 

(Plllri·IB) 
Th,o Ea&inccrins Toyo Enpnccrins P.T.Pupuk lskand1r Mud1 Ateh Ammonia 316 1993 
TtlYO Enpccrins To,o Eft&incerins P.T.Pctrokimia Orc1ik Orc1ik Urea 462 1993 
To,o Er\iinecrin& Toyo Enpneerins P.1'.Pupulc Sriwidaja Palemb1n1 Urea S69 1993 
M.W.Kcllog/Rcklyua M.W.Kellog PUSRI P1lemb1n1 Ammonia 446 

Iran (Islamic Republic oO 
M.W.Kcllog S.amicart>on Khoruan Petrochemical Dojnurd Urea 495 
M.W.Kclloa M.W.Kcllog Iran/Kobe Steel Oclhm Island Urea 660 

Iran/Kobe Steel Am;-nonia 594 
Iraq 
M.W.Kcllog M.W.Kellog Ministry of Industry Bl&hdld Ammonia .571 Suspended 

Ireland 
Sl\llmp~ni Grande Plroiuc Irish Fenilizer Industries Arklow Nitric: Acid 165 1993 

MexiC'o 
M.W.Kcllog M.W.Kcltug PEMEX(PctrolcOI Mcxicanos) Camarao Ammonia 495 

PEMEX 
New 7..ealand 
Hlldor Topoc Haldor TOf*>C Petrochemical Corp. or Klpuni Ammoni• 495 

New Zealand Ltd. 
Ncthcrllnds 
Simoft Cal'la Grande Paroislc DSM Geleen Ammonia hit11111 .550 

PlkisllA 
Hlldor/Kellog H11dor/Kcllog Dawood Hercules Chemical Shekhupuni Urea 445 1993 
Lufli Lurp Aj·Noor Fenilizcr Klnichi Ammonia 429 199.5/96 

N SaamPf'OJ'tti Snamproptti F1uji Fcnilizer Co. M1thhi Oo1h Urea 695 1992 
UI 

Saamproptti Snampropui F1uji Fenilizer Co. M1chhi Oo1h Ammonia 400 1992 '° 



N Tlllllt IV.It (C0ttli1111,d) 
~ 

Country and l3q11ipmcnt Capacil)' Expec1cd 
('()Qtnc:tor lice1110r Company Location Prod11ct (tho1111nd tonna/year) completion 

l'oland 
Tccnimont Montedisoa 7.aklady AzotOM P11lawy P11lawy Urca 560 1993 

Qatar Qatar Fenilizer Qatar Fertilizer Umm Said Ammonia .500 1995/96 

Russian Pcderatioo 
Haldor ToplOC Haldor Topoc PO Ancank-ncfrcorpintez Anpnk Ammonia 4-49 1992 
ScMct ScMct TOAZ. R1111ia Nizhnetambo\llkoyc Ammonia 45 1993 
ScMct ScMct TOAZ. R1111ia Nizhne1aml>oYskoyc Urca 560 1993 
Uru Caulc SA Snamproplli T0&1ia11iazo1 Toallanl Urca 990 1992 

SaudiAnbia 
CbiJQda ColpoRlioo Stamicarbon/ Salldi Arabian Fertilizer Co. J11bail Urea 600 1994 

HydroAp; 
OU,oda Colpontion Haldor Topoe Saudi Arabian Fenilizer Co. Ju bail Ammonil 500 1994 

Trinidad and Tobqo 
M.W.Kcllog M.W.Kcllog Fertrin Point Lilu Ammonia 495 1993 

United SU.tea 
Alnmoaill Caulc SA Ammonia Casale Unocal Corporation Kenai, Alaska Ammonia 541 1!192 
Urca TocbJtolo&iel Urca Tochnoklsies Not disclOled Northweat Urca 778 1996 

S-W: PlwpltDnu Md~. No. 183, Jan111ry-PebN11ry 1993; and N~. No. 196, March-April 1992. 
II Ab<M 400,000 1e11ia per ,ar fertilizer capacity. 



lizer capacity by 1 million lonnes per year. Howe\·er. the 
projecl is slill in il-. preliminary pha.'le. In ThailanJ. '-·om
pound fertilizer technology by Mibui Enginttring & 
Shipbuilding Company has been pun:ha'ied for lhe Map 
Ta Phut plant. which is also ex~·ted lo add a million 
tonnes per year to the \.-ountry·s fertilizer capacity sun
ing in 1995. Other phosphate equipment purcha.-.cs arc 
projected by Mobil Mining & Minerals Corporation for 
the '--ompany·s South Fort Meade plant in Florida. which 
is expected to generate an additional 4 million tonnes per 
year of phosphale ruck in the United States. 

Ra:ordcd purchases of fertilizer equipment arc most 
significant for the nitrogen category. Available infonna
tion shows major purcha.-.es by companies ;n both devel
oped and developing '-·ountries (651. In the former cen
trally planned economies. the Russian Federation re
cently contracted urea technology developed by 
Sn:improgeui SpA thmugh Urea Ca...ale SA of Switzer
land for its Togluatti fertilizer complex. Another equally 
significant purcha.-.e was recorded in 1992 in New 7La
land. where Petrochemical Corpor.ition of New 7..ealand 
acquired Ha1dor T opSOI: technology for its Kapuni plant. 
A decision to start up full-scale urea pmduction in 1996 
somewhere in the north-wes: region of the United States 
is anticipated by a non-disck scd company using technol
ogy developed by Urea Technologies. In the United 
States. llnocal Corporation has recently purchased am
monia technology from Ammonia Ca.-.ale SA of Switzer
land for its Kenai plant in Ala.'lka. There arc ongoing 
plans in Trinidad and Tobago to purcha-.e technology 
developed by M. W. Kellogg for Poinl Lisa.'I in l'J93. 

In Saudi Arabia. the Saudi Arabian Fertilizer Com
pany is soon to use a new urea process developed by 
Stamicarbo:t BV/Hydn• Agri and contracted by Chiyoda 
Corporation. a Japaneo;e company s_1CcialiLing in licens
ing processes from Ammonia Casale SA and 
Stamicarhon BV. The expansior.s in both ammoma arid 
urea capacities expected in 1993 at Nizhnetambovsko}e. 
Russian Federation. have been made possihle by the 
addilion of equipment de\eloped by the former USSR. 
The Angarsk plant. constructed by Haldor Topsoe. of the 
PO Angarsk-nefreorgsinte7. company of the Russian 
Federation will soon generate another 449 billion tonnes 
of ammonia per year. Equipment to be installed in Paki
~tan includes facilities for ammonia and urea prodm:tion 
with technology obtained from Haldor Topsoe, 
M. W. Kellogg. Lurgi GmhH ar.d Snamprogetti. In the 
Netherlands. ammonia nitrate technology was nhtained 
from Simon-Car\'es. a process plant contractor operating 
worldwiJc with major branches in Au,.tralia. South 
Africa and the United Kingdom. fo~ DSM Agro RV to 
modernize its Geleen plant. 

Mexico has two new ammonia plants under con,.tmc
tion. These plants are each eitpected to generate 495 hil· 
lion tonnes per year a1 l...11.aro Cardenas and Camago. 
where PEMEX rPetroleos Meiticanos) ha\'e m<1de recent 
purchases of M. W. Kellogg technology. Plans hy the 
Ministry of lndu,.try of Iraq In purchase M. W. Kellogg 
ammonia through Sramil.:arhon RV have hec:n rC'cently 
suspended. The l<il;unic Repuhlic of Iran. on the other 
h;•nd. has made ~·oncrere plan'i to increase its nitrogen 
capacity hy the mid-1990'i. The equipment is e~pected to 
he p1m.:hao;ed from Stamicarhon RV itnd M. W. Kellogg. 
Several proje~·ts aimed al inc1C'asing nitrogen capacity hy 
over J. I million ronne~ per year hy 1995 arc taking plan.· 
in lndone""'· A few plant~ arc already in operation. 

Ammonia and urea tC\.·hnology wa.-. obtained from Am
monia Casale SA. Haldor Tu~. Toyo Engineering and 
M. W. Kellogg. 

In China. two projects. the Fuling and Jinxi projects of 
the China National Technical Import Corporation. each 
with an anticipate-I capacity eitcccding .;oo.noo tonnes 
per year. arc currently in progress. F.quipment was (lllr
chascd from TC'\."hnip of France. India is also planning a 
significant expansion in its nitmgen c;:ipacity. using pro
cesses developed by Snampmgetti SpA ;md Uhde 
GmhH. al Nagarjuana Fenili1er.> & Chemicals and 
Madras Fenilizers. which arc pmjecting urea capacity 
expa!lsions exccal;ng 450.000 tonnes per year by the 
mid- l 990s. Other countries with planned significanl 
capacity eitpansions for urea and ammonia are Austria. 
Bahrain. Bangladesh. Bulgaria and Canada. Most of the 
tC'\."hnology 10 be utilized will again originate from the 
transnational corporations Slamicar",on. Haldor Topsoe. 
Toyo Engineering. Uhde GmbH and M. W. Kellogg. 

-I. Tuhnological tr~nds 

In the early days of the fertili1er indu,try. processes 
were relati\·cly simple. sta.1ing with raw m•llerials that 
frequen!ly had a higher concentration of nutrient ele
ments than did the finished products. O\'er the ye::rs. 
progress in tertili1er production technology has led to 
processes of increasing refinement and complexity. The 
plant nutrient concentration of the products has increased 
beyond 'hat of the raw materialo;, and the minimum ei:o
nomic size of plants has al\o increased. 

(a) Current equipment Jesixn 

Technological and engineering rel.Juirement" \·ary suh
st;mtially in their complexity and maturity between the 
different hranches of the industry. Compound krtili1cr 
plants are relati\'ely less sophio;ticateJ and generally do 
not pre'\Cnt major technological r.roblems. The produc
tion of nitric acid. ammonium nitrate and triple super
pho,.phate and the mining ol' phosphate rock and potash 
orC's in\'olve more 1.:omplex technologies and pmces\es. 
but these proces<;es are well de\·eloped and a\·ailable 
from a number of source'I. The most complex rechnol
ogy. inmlving a high ·'.:gree of \ophistic.llion in butt, 
basic design" and detailed engineering. relates In the 
pmdm:tion of ammonia and urea l6<1l. Al"'1 important are 
superphmphate and potao;h processing and granular 
fertili1er. 

Ammm1i<1 pron•uing rrdmo/111(\'. Ammonia \}'lllhe
si' i'I the basic 'ltep in all nitrogen fertili1er produdmn. 
Ammonia i .. proJuced and then further prnce,sed to pro
duce either urea or ammonium nitrate. the two mn .. t 
c111;1111on nitrogen fertili1ers. Nitrogen fertili1er prodm.:
tion re11uire" the lixation of atmospheric nirrogC'n. ;1 proc
ess that uo;es l.1rge amounto; of energy. Fi"<a:ion require' 
the preparation of a .. hydrogen-nitrogen .. m1i11urc for 
s11h,c411en1 cnmpre"ion and ammonia 'iynlhesi... for 
which the stt•am reforming rroce"' ha.,cd on natural ga' 
r t""cnlially ll!l"lhane) or on light hydn1earhon' r naphtha I 
is n111~1 1.:01111111111ly 11\C'd hecau'ie nf it~. lower in\'C',lmenl 
and operating l'°''' Ammonia 'ynthesi' i" l'arncd 0111 
under hii:h prl'''urc nhrained in t"ilher of two l~pe' of 
•:ornpres\or' dt"pendin)! on plant ...:ale. 
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For smaller plants. l.·omprcS5ion and ammonia synthe
sis arc performcri in reciprocating l.-ontpressoB. while 
centrifugal comprc .sion is the more modem and eco
nomical technique for medium- to large-sized plants. For 
ammonia mini-plants. which is an emerging technology 
used mostly in developing countries. the more popular 
processes arc ammonia synthesis from natural gas. by a 
process based on Imperial Chemical lndustries-ammo
nia version 5 (ICl-AMV). or pressure swing absorptin 
(PSA), or the Benfield low-heat prOl.-css for carbon diox
ide. or by coal-based ammonium synthesis or :&mmo
nium-synlhesis ga5 plants based on air gasification. With 
naphtha becoming lcs.o; and less important a"i a feedstock. 
use of conventional electrolysis is no longer of signifi
cance. and with the use of coal yet to be proven commer
cially. natural gas is likely to remain the basic source for 
almost all ammonia technology. 

Urea technology. Urea is commonly manufactured 
from reacting carbon dioxide with ammonia to form 
ammonium carbamate which is further disintegr.atcd to 
form urea. Several methods arc used to decompose the 
carbamate fonned as an imermcdiatc product in the over
all reaction. These con.'iist of a series of decomposition 
and separation steps involving changes of pw;:;ure. One 
of the most popular of such methods today is the strip
ping process. New-generation urea pruccs.o;cs combine 
clements of stripping with specially designed synthesis 
reactors. Whichever process type is selected. there is the 
option of forming the urea product into either prills or 
granules for case of handling. storage, transpon and ap
plication. Most of the world" s supply 0f urea is in a 
prilled form. but granulation processes have become 
more popular recently. 

SufNrphosphate processing. Superphosphatcs arc 
produced by the acidulation of phosphate rock tu pro
duce monocalcium phosphate. The two major types arc 
single superphosphatc when acidulation is by sulphuric 
acid. and triple superphosphate when the acidulation is 
by phosphoric acid. In addition to these two thcr~ arc 
various partial acidulaticn techniques. and the use of 
mixed acids lo produce the so-called double superphos
phalc. The manufacture of single superphosphalc is still 
practised both on a batch and on 1 continuous basis in a 
den. Triple superphosphate is manufactured in a continu
ous den or through a slurry granulation process. In slurry 
granulation processes the initial reaction lakes place in 
stirred vessels from which the reaction slurry is fed di
rect to a rotary drum granulalor. where granulation is 
performed. The moist granules arc dried and screened, 
and then sent to storage. 

Pota.fh procesJinx. There arc three main techniques 
for bencliciating potash ores. namely 1hermal dissolu
tion. notation and electrostatic relining. Each takes ad
vantage of differences in chemical or physical pr lpenies 
rf the ore constituents. The choice hetween the: nal dis
~olution, notation or electrostatic bencficialion depends 
on factors such as the ore grade. local energy sources and 
the percentage of insoluhlc clays. In all processes the ore 
undergoes preliminary crushing and grinding to separate 
individual potassium chloride and halite crystals. The 
crystalline potassium chloride produced by all lhrcc 
major methods is, for the most part. finer-grained than is 
required. Vacuum crystallizers can he designed 10 pro
duce a specific desired grain size. Dry. fine crys•alline 
material may also he compacted hctwcen roller'i and then 
broken up and screened, with the 11ndcrsi1.e fraction be-
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ing returned to the comp;k.-tor and the oversize part re
tumcd to the crusher. Granulation yields a round--d grain 
of unifl'rm size. as fine damp crystals (from the notation 
unit) agglomerate whil..: undergoing a rolling movement. 

Granular ferrili~ers. Granular fcnilizers may be ob
tairicd using four different techniques: granulation of dry 
materials with no chemical reaction: granulation of dry
mixcd materials with chemical real.-tion; slurry granula
tion: and melt granulation. The first process simply in
volves the mechanical mixing of dry materials with wa
ter or. more usually. steam to form gr.mules with a more 
or less uniform particle size. In most operations a drum 
generator is usd. although a pan granulator may be 
employed. Granulation with chemical reaction is often 
performed in an ammoniator-granulator in which solid 
raw materials are fed lo a rotating drum with phosphoric 
acid. sulphuric acid or ammonia. During the melt granu
lation process. a smaller amount of water is introduced 
when compared with lhc slurry process. 

(b) Nel'.' process dei·elopments 

A significant degree of concentration exisl"i in the 
technology and process know-how and engineering sec
tors of the fenili1.er equipment industry. particularly for 
nitrogen fertilizer production where there arc a few com
panies operating on a transnational basis. These compa
nies from developed companies in the North are sources 
of the most important technological advances in use cur
rently and in the foreSceable future. While many feni
lizer companies have made frequent and imponant con
tributions. most of the accumulated know-how and cur
rent effort comes from widely diversified companies in 
which fcnilizer manufacture may be a small component 
of total activities. Outside this group of countries. the 
most significant contribution has been from work on 
catalysts and process improvements uulizing local re
sources by State organi1.ations in India. Romania and the 
former USSR. 

The su1:cessful application of developments in process 
technologies de?Cnd on the planning. manufacture and 
use of various pieces of equipment, machinery and in
strumentation for process control. a process that requires 
high precision engineering and the capability for dealing 
with high pressures. Major developments have taken 
place mostly in Germany and the United Stales. with 
significant contributions from Italy. France and some 
other developed countries. However. they have also hcen 
utili1.ed in Brazil. India and the Republic of Korea, where 
equipment fabrication facilities have been developed. 
Particular auention is drawn to the fo'lowing types of 
equipment: synthetic gas C•lmpressors for ammonia 
plants; air compressors for ammonia a'iJ nitric acid 
plants; carbon dioxide compressors used in modem urea 
plants; centrifugal pumps for large-capacity urea plants; 
and other specialized items. The taller include special 
fillers for large phosphoric acid plants and the c~nlrifu
gally cast special alloy lllhcs for reformers in ammonia 
plants. In addition, Gennany and the United Stales pro
vide particularly important types of inslmmentation tech
nology for special components and design systems. 

During the 1940s and I IJSOs. a numhcr of urea manu
f acluring lechnologies were developed. Pioneering work 
w;1s done by RASF AO and hy Montecatini (later 
Monlcdison). Ahout lhe sa.nc lime there were several 
developments in the United Slates, for example. hy Al-



lied ~mical Corporalion and by Chemico. Of lhose 
various efforts. lhe work of Monlcdison wa.-. particularly 
imporlanl. The oil crisis of lhe mid- I 970s w:is responsi
ble for significanl impnn·emenl'i in lhe design of ammo
nium synlhcsis loops and lhe indusi•ln of developmenlo; 
in physical chemislry such a.'i cryogenic and membrane 
hydmgen l't!\.""\wery. which led lo a large rcduc.""tion in 
energy consumplion. of b lo 7 per cenl acc.""\mfing lo one 
soun.-e (661. 

Other advances in calalylic sleam reforming han~ led lo 
a heller u.-.c: of high-pressure sleam. More rccenlly. new 
trend-. ha\·e emergcd in nitrogen fertilizer lechnology. 
p;uticularly in lhe manufac.""turc of ammonia. The lech
nologies lhal ha\·e had worldwide impacl in l'C\.-ent years 
arc lhose of Snampmgelli SpA. Stamicarbon. and Milsui 
Toatsu Chemicals and Toyo Engineering. Snampnlgelli 
ha..; allraclcd incrca.'iing allenlion in .-ecenl years. and a 
number of large planls ha\·e been buih using iis process 
technology and engineering. There ha..; also heeh consid
erable use of process lechnology and ba.'iic engineering 
from Montedison and Mitsui Toalsu Chemicals. 

Important pmcesses in lhe manufaclurc of nilric acid 
arc owned by Uhde GmbH (Gennany). La Grande 
Paroisse (France) and Whealherly (Uniled Slale-.). Uhde 
appears lo be particularly aclive. India and lhe fonn.-r 
USSR have adop1ed lhe features of 1hese various pro
cesses lo build successful large-capacily planls. The 
processes in currenl use for manufacluring wel phos
phoric acid of around 30 per cent P :0, concentralion are 
from Sociele chimique Prayon-Rupel (Belgium). Rhfme 
Poulenc Chimie (France). Dorr-Oliver (Uniled Stales). 
Fisons (lJniled Kingdom) and Nissan Chemical lndus
lries (Japan). Nissan employs lhe hemihydrale process. 
giving grcaler overall efficiency and good-qualily gyp
sum. ConcenlrJled acid al around 50 per ecol P:O, is also 
produced by lhe hemihydrale rnulc. wilh i'rocesses from 
Nissan Chemical lnduslries. Fisons and Occidenlal 
Chemical (Uniled Slales). The process technology for 
monoa11m10nium phosphale products has heen developed 
by four fertilizer companies-Scollish A~ricullural ln
duslries Lld. (United Kingdom). Fisons. Gardinier 
(France). and Norsk-Hydro (Norway). In particular. the 
Fisons Minifos system has been widely adopled during 
the pas! 15 years. 

Nitmphosphales are pnxluced by replacing sulphuric 
acid with nilric acid for the acidulation of phosphate 
rock. Pioneering work was done by Odda-Smelteverke 
(Norway) and Uhde. BASF AG provided some process 
improvements. Other modificalions lo 1he Odda process 
came from DSM and from Kampka (fiemiany). Anolher. 
using solvenl extraction. has been adopleJ in lhe C1.ech 
Repuhlic and Hungary. The !rend Inwards a wide range 
of nitrogen-phosphale and nitrogen-phosphate-potassium 
milted fenilizers has m1uired high-analysis phosphale 
inlennediates for granulalion wilh ammonia nitrate or 
urea. Apart from phosphoric acid. the manufacture of 
monoammonium phosphale has become a major process
ing activiry for this purpose. 

Major technological improvemenls for lhe industry as 
a whole have centred on lechmques to improve the con
centration of finished-product plant nutrienrs lo cul ship
ping and storage costs; on chemical milting instead of 
dry milting to increase rhe homogeneiry of rhe mixed 
fertili1.er; and on the increased manufacrure of hinary or 
tertiary milttures which are preferred over single-nutri
enrs rypes to improve the effectiveness of fertilizers. 

Major new pmc."esses under devdopmenl are granular 
urca-nilril' (lhosphales. ammonia polyphosphale suspen
sions. and nitmgen-sulphur suspensions. 

Among olher new fertili1er manufacturing pmc.-esses. 
some auention ha..; been given to proc.-esses replacing 
formaldehyde as a c.""t>nditioning or hanfening agenl in 
urea. granulalion of small ammonium sulphate crysl3ls 
inlo a si1.e lhat will not se.,.rcgate in bulk. blends. pnxluc
tion and evaluation of granular impure urea phosphates. 
and impnlved methods of producing solid ammonium 
polyphosphates. In the United Slates. the Tennessee 
Valley Authority (TV A) in lhe 1980s palented pmcess 
impnn·ements for the c.""\lnc mixer for producing lriple 
superphospfute. the drum granulalor for producing 
granular ammonium phosphates. and lhe pipe reaclor for 
pnxlucing ammonia-polyphosphate fluid fertilizer. The 
new ammonium polyphospt.ale su.spension fmm the 
merchanl-grade acid pmcess. primarily designed lo be 
energy-efficient. ha.s been well received because of its 
versatility and ease of application in lhe fluid fertilil'.er 
industry. 

In !he industrial-scale manufacture of urea. all known 
processes ( Stamicarhon. SnaJT1pmgeui. Toyo. Monte
catini) are still popular. Howe\·cr. the new TV A falling
curtain process has received acclaim be•;ause it is esti
mated to be slightly less expensive lo intnxluce and 
operate lhan lhe fluid-bed granulation process. Other 
advantages of the new process include its low energy 
consumption. rela1ively low equipment costs. superiority 
of pnxluc."1 qualily. less pollu1ion ahalemenl needed be
cause of the inherenlly low dust evolution. and its unu
sual versatility in making a large variety of particle sizes. 
A new process also ha." been developed by TV A in col
laboralion wilh the Fertili1.er lnslitute to find a suitable 
replacement for fonnaldchyde which is currenlly being 
used by a large segment of the urea industry. The loxic 
nature of 1his chemical ha.s recently led to enactment of 
protective environmental legislation that prohibils its use. 
Because heat is essenlial in producing polyphosphate 
frnm c~hcphosphale. emphasis has been directed to 
more eflicienl use of the chemical heal reaction gener
alec by ammoniation of the acids. Also. a process has 
been developed thal transfonns c1Jslalline ammonium 
sulphate. a hy-pnxluct of bolh the synlhelic polymer and 
coke-oven processes. into a granular producl !hat can he 
applied directly lo soil surfaces. thus eliminaling the 
chance of losing nitrogen to the almosphere. 

1 cchnological innovalions are also importanl wilh re
specl to speciali1.ed fertilizer equipment In the past few 
years. drum and pan granulation lechniques have gained 
greater acceptance in the nitrogen industry. While the 
considerahle design improvemenls made in pan granu
lators have allowed !his equipment to be applied for 
making granular amm<"nium nilrate and urea. lhe process 
of drum granulalion can now be combined with 
ammonia1ion of mixed fertili1.er and of phosphates such 
as single superphosphate and triple superphosphale. In 
lhe manufacrure of cornplclt fertili1.ers. the hot sphern
dizer process wa~ designed for granulation and improve
ment of producl quality. The spher<xlit.('r process is said 
to be ahle to comhine granulation and drying into a 
single processing step. Also. where granulared fertilizers 
should ~ blended. hulk blending is becoming more 
widespread. 

No significam improvemenrs have been reported re
cently in J>lllash processing. Further technological devel-
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opmcnL-. in the fertilizer industry include the use of nitric 
acid instead of sulphuric acid to digest phosphate rock. 
which eliminates the need for sulphur and offers environ
mental advantages. 

h has been possible to decrease energy consumption in 
some of the most energy-intensi,·e operations of fertiiizer 
pnx.-es..'iing by intmducing new technologies and rational
izing existing ones. Modem ammonia plants use lower
energy ammonia processes. ~rgy savings are achieved. 
for exo:mple. by shifting a greater proportion of the re
forming duty to the secondary reformer. or by using new. 
low-pressure-drop converter designs which reduce com
pression coslo;. 

The fertilizer equipment manufacturing industry is 
highly capi1al-in1ensiw. and the production of fertilizers 
requires expensive in,·eslment in plant. The sulphur sec
tor also requires highly complex technolog.i. Investment 
in new equipment plant hao; been steady. .:nd existing 
methods have been modified to gener.ale better energy
saving processes or to reduce process emiss!cns. a major 
concern of environmentalist-.. The fertili7.er technology 
sector thus remains dynamic. 

IC) De1·t'loping country ejfom 

In the de,·doped market economies. R and D activities 
and the resulting proce!'s developments and patents are 
practically wholly controlled by corporations. most of 
them transnational corporations. Their technological pre
eminence is not only in process development. hut also in 
the production of critical equipment. machinery and in
strumentation systems. The only notable excepti,1n to 
this general rule is the R and D work of TV A in the 
United Stales over the pasl 35 years. Its work on process 
technologies has been substantial: however. ii ha'i nol 
been a factor in the <ievelopmenl of ammonia and urea 
processes and basic engineering. unlike the M. W. 
Kellogg Company. Moreover. TVA has nol been in
volved in the more complicated and large-scale engineer
ing requirements of plants. 

There can he lil!le doubt that much greater efforts will 
be necessary in developing countries to enhance design 
and engineering capabilities in process industries. par
ticularly the fertili1.er industry, and to promote greater 
absorption and development of process know-how 
through increased R and D activities. The continuing de
pendence on a few companies based in developed econo
mies for process technology. basic designs and engineer
inj?. and supervision responsibilities al various stages of 
fertilizer manufacturing poses the important issue of how 
such dependence can he significantly reduced. Opportu
nities for further technical cooperation between develop
ing-country institutions and enterprises in the design and 
enginccrin!? of fertilizer plants also need to he fully ex
plored and developed as far as possihle. 

5. Environmental con.sideration.'i 

Compliance with increasingly strict environmental 
regulations while still producing fertilizers that are com
petitive on the world market has been a major concern of 
most producers in developed countries over the past dec
ade. Growing environmental concerns ha1·e offered op
portunities for innovation for equipment-supplying com
panies and fertilizer process developers. Thus, develop
ment and implementation of technologies with less im-

pal-f on the environment is revolutionizing the processing 
equipment sector of the fertilizer industry. Most of the 
newer processes are aimed at reducing emission.s going 
to the atmosphere and groundwater. 1be intmduction of 
double absorption in the design of sulphuric acid plants. 
and of units to remove fluoride compounds and to dis
pose of phosphogypsum in the design of phosphoric acid 
plants. as well as the addition of specialized equipment 
10 remove nitric oxide emissions during the nitric acid 
process are typical examples of additional investments 
required 10 deal with effiuenls. 

There are also problems associated with the storage 
and handling of fertilizer materials which have na.-essi
tated impruvements in equipment design. For example. 
ammonia is an extremely toxic product wnich can. when 
stored in large quantities as a liquid either unde:: pres.sure 
or at low temperatures. present a major safety hv.ard. 
Great care must be taken in the design of large-scale 
ammonia storage facilities to protect the local commu
nity. Ammonium nitrate. a major fertilizer in Europe and 
the United States. is now produced. stored and trans
ported under controlled conditions to avoid explosive 
decomposition. 

6. Short- anti medium-term outlook 

The world fertilizer equipment industry is currently 
recovering from a malaise which began in the mid
I 980s. The causes of the downturn were attributed 
mainly to secular shifts in world supply and demand and 
the creation of overcapacity in the fertilizer market. Spe
cial problems exist for developed countries today be
cause of related environmental regulations that affect the 
costs of production. The participation of developing 
countries ha'\ increa.;ed somewhat. mostly in the nitrogen 
equipment industry. 

Mosl fertilizer process designers and equipment manu
facturers are caught in a trend towards specializa1io~1 that 
started several years ago for technical and economic rea
sons. This specialization is based on different factors. 
such as the manufacturing method. the volume of equip
ment and the size of the order. While the fertilizer indus
try has suffered from relatively low financial returns 
during the pasl 'lecade. investment in new plants has 
continued. and existing plants have heen modernized to 
take advantage of energy-sa•;ing processes or to reduce 
emissions. Fertilizer l~chnology is expected to remain a 
dynamic sector in the future. 

There are signs that increasing trade in fertilizer tech
nology will he a feature of the industry in future years. 
This is because of a persistent regional imhalance be
tween supply and demand. Production of fertilizers is 
incrC'asingly significant. for example. in developing 
countries with larj?er populations, hut very littlC' process 
design is taking place in those countries. Also. the devel
opment of production in the new producing countries 
will undoubtedly encounter more difficult problems than 
in countries with a long-established industrial infrastruc
ture. The incre'1sing number of fertilit.er complexes in 
the South will serve, however, as an incenti\·e to locale 
fertili1.er plants closer to fertilizer sources. 

In the !.Uhconlracting business. where relations with 
customers arc paramounl. a certain j?eOl!raphical proxi
mity has always been a factor. Imports from Brazil, India, 
Repuhlic of Korea and the former centrally planned 
economies are now heginning lo appear on the scene, 



and expllrtS from other developing countries may soon 
ha'·e an implct on the inlemational market. The fenilizer 
equipment indusll}', however. has taken a number of 
~asures in f'CSl>C\--'l or qualily. productivily. service znd 
costs le meel lhese challenges. 

Mosl inveslmenl is likely lo be through technology 
lr.msfer from lhe Nonh. probably in joinl-venture com
panies and projects. Transnalional corporations from the 
Ur.ilcd Stales. Weslem Europe and Japan arc expected lo 
continue lo have a slrong lead in R and D and also to 
hold patent rights to ne~.y developed processes. 

L. Industrial lift trucks (ISIC 384315-884319)* 

1. Rttenl trends an4 curnnt conllilio11S 

The past lwo years have been a difficult period for the 
world i'ldustrial lifl·truck indusby. with the recession in 
major developed countries reducing the demand for a 
product which over lhe past 50 years has been the most 
important piece of malerials-handling equipment Lifl 
trucks arc electric or engine-powered machines used for 
lifting and transponing materials and goods in ware
houses, docks, building sites etc.; they come in a wide 
variety of shapes and sizes. The most common type. 
which accounts for over lwo thirds of global output. is 
the counlerbalanced lift truck. Machines are often re
ferred to as fork-lifl trucks (fork-lifts). but the general 
lenn "lift truck" is preferred. Some of the machines, such 
a'> the large ones used to lift shipping containers, do not 
have forks ao; such. 

The indusll}' is technologically malure, suffers from 
manufacturing excess. especially in Western Europe, and 
is very cyclical. Entry barriers are relalively low, the 
manufacture of lift trucks is not difficult. and many com
ponents are shared wilh the automotive indusll}'. Major 
producers in developed market economics generally 
manufacture high-quality products, and it is hard for any 
company to establish a clear technological lead. Even so, 
there are some key differenliators in the manufacture of 
the lift truck, notably improved product performance and 

•UNJOO acknowledges lhc conlribulion or Andrew Bui.er, Finan
cial Tim1s. 

design. with reduced manufacturing costs. Producers or 
older designs face higher costs; they cannot hold mar
gins. and have to cut prices (67). This has l:k.'ell evident 
in the volume of production, and even on the men spe
cialist prodlk.-t lines. 

All this provides a background for an industry which 
has already gone through an era of regionalization of 
production and or markets, and is now moving towards 
global markets. This trend has been encouraged. more 
than anything else, by the success over the past 15 years of 
Japanese producers. In Europe and the United Stat~. 
there is a trcnd towards large single manl.'facturing cen
tres, with output potential as high as 20.000 units per year. 

Materials-handling is estimated at O.J per cenr of the 
GNP of developed countries. Lift trucks and other spe
cialized materials-handling equipment are a major part of 
this, with new lift trucks estimated al between $9.3 billion 
and $12.5 billion per year. Financial information from the 
indusll}' is hard to obtain, but at present the size of the 
market is likely to be towards the lower end or that range. 

The second half of the 1980s was a period of slrong 
growth for the indusll}', following a very difficult five 
years from 1980 to 1985. particillarly for Europcc'•l sup
pliers who lost substantial ground in their home markets 
to Japanese imponers. Some recent changes occurring in 
world market sales for 1989 lo 1992 arc reported in 
table IV.90. Declining sales reflect the deepening extent 
or the recession, though the change is less difficull than 
in other engineering sectors. Unlike constrJCtion equip
menl, for example, lift trucks are sold i.o an enormous 
variety of industries, some of which are stable, while 
others come and go. Like construction equipment. Euro
pean sales have been buoyed by strong demand in Ger
many following reunification, but thic; has now tapered 
off. In western markets the traditionally high volume of 
sales of counterbalanced trucks has fallen off appreciably 
from its all-time high level. The European market as a 
whole is still above the trough of any previous recession, 
and some trucks, such as very narrow-aisle trucks and 
crane systems used in the warehousing equipment sector, 
have held up well and continue to show yearly growth. 

Regional variations in world sales are given in figure 
IV.31 for 1990. The North American market is benefit
ing from higher unit volumes due to stronger domestic 
market, while the European market for new equipmenl 
remains weak with lower volumes arid margins. In Asia, 

Table IV.90. Wor!U ulca ol iadu1trial lift trucks bf rqm, 1919·1992 

Fork·lir1 trucks less h1nd·oper11ed units Fork·li11 trucks indudin1 band·operalcd uai11 

Percenu1e share Perc:en111e Perccn111e 1blrc Perc:encaac 
1989 1990 i:h1n1e 1990 1991 1992 c:ban1e 

Rcaion (thousand uniH) 1989 1990 1989·1990 (chouaaad units) 1991 1992 1991-1992 

We11era Europe 128 142 26.4 30.2 10.9 180 162 ISO JI.I 30.6 ·7.4 
Nonb America 121 100 24.9 21.3 ·17.4 120 120 140 23.S 28.6 16.7 
Japan 6S 6S 13.4 13.8 100 110 94 21.6 19.? ·14.S 
Eastern Europe 
and former USSR 7S 70 lS.S 14.9 ·6.7 

01hcr 96 93 19.8 19.8 ·3.1 ISO 118 106 23.1 21.6 ·IG.2 

TOTAL 48S 470 100.0 100.0 ·3.1 sso 510 490 100.0 100.0 ·3.9 

Sowca: Linde li11·1ruck producer, Asch1Uenbur1, Germany (December 1992); and Allan Rawnslcy Services, f"'*.Jifr Trwks: World 
hodutaon and Mtrim (Cheshire, Uniled Kin1dom, December 199i). 
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Figure IV.31. World sales of industrial lift trucks 
by region, 1990 

In tht· Fwnpt•.m 111:1. kt·t. ( iam;my i" tht• dnn11nant 
111;111ula1.·ll1rt•r. ;11.Y••llntiU)! fur .\X.h ri:r 1.·t.'nt nf tht.' rt.'
)!lllll'll ••ut:•aL nr h l.000 Ullll'> in 1'1'111. Jap:Ult.''>l" 11:.11111-

la.-turt.'r'>. h•l\\t.'\l"r. pn11.lun• l"\ll"n"in·ly nut unly 111 tht.' 
l ·mlt·d Stall·, aml hut ah•• in \\'t.',!t.'rn Eurnpt.'. T11t:tl 
output of Japant"'>l·-di:,t)!llt.'•I lift trud,' pr•••ht1.·t•d 111 Ja
p;m. in tran,pbnt falluril"' and hy li«t.'11't.'t.'' h;" hc.·t.'n 
t:'>limatt."d 111 han: t"'\1.·c:i:.kd I hO.I Hiii unit' in I '>'>II. 11r 
almo ... t a third of global output [ hX [. hirtht"r .-h;m)!t.'' in 
gluhal prod11llt11n ha\e •11..·.:urrt"d ... illl'l' then. n11 .... 11111t;1bly 
tht.> .:11llarsc: 11f Ea,tt"m hirope.m 1•n11..ludion. \\hid1 \\a' 
duminatnl hy Balk;1111.·ar uf Butgari;1. ·111e dedint.' of tht• 
l: nitc=d Stati:' a' ;1 domt.",ti.: prod1Ktion ha'>t.' ha' kvdkd 
alti:r "1ur1.·ing fnm; tht.' Rl·publi.: of Korea fatkd to meet 
t.'\l'!.'t:laiions. 1.·au,ing lo)!i,ti.:al prohkn1' and a suh,tan
ltal build-up 11;· invt"nlorit",. !\lanufa.:tunng j, now ht.'ing 
re.11itt"d by n1111p;mtl'.'' '111.·h as Cl.irk ~1at~ria; ll.1ndling. 
while lly,tt>r-Yak has 1'.'lllt"rgc=d ;i-. a true luw-t:o'>I pro
tlu.-1'.'r aftt"r making major efforts in thl" I IJXOs to ra;,e 
produ.:ti\·ity. 

/ 

North ~o·e•·c.i ( 
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\ 

' " 
~.bf1»rr• Eu•npe :\'.J 
~!JL?lil' USSR 

S(Jl,r.._·1• Al1.m R.1wns:ey Ser.11ces. Fc:J.. .1ft Truclts Worfd t"'roduct1on 
and M.1rllers 1Chesn•re United i<.1ngt1orn. Oecemoer 1991) 

( h J .'l.lajor nm1p1111in the Japant"'e pnidm:t:r :\tppon Yt"oki rt."porll·d a h6.0 
pt"r l'l'.'OI ';ill in pnifih for tht" fir,! half of llJIJ2. ht.'1.·au't." 
of lkdining 'alt.'' :md inten,ifit••I pri~·I'.' •·ompt"lition in tht" 
fapa1w.;e markt.'I IMq. But t"l"onnmic growth ha' n1ntin
llt"O uninterruptt."d in South-Ea·•t Asia. with i1Kreasing 
nmtairwritt"d traflir ;111d -.ak' of 01ntaint"r-hamlling 
1'.'ljllipmenl. 

Table IV.91 pre,t"nh thl" (l)lll world r;u1king-. of lift
tru.:k manufacturers. ·nw politiral upht."a\ al in Ea-. tern 
Europe." and the former l :ssR has derimated tlw'e mar
kt.'h; aml Balkan.:ar. onrl" the world'-. largl'.'st lift-truck 
pnidun:r. an.I "hich -.rill oilers old tru.:k design'. has 

Table IV.91. World'5 lcading lif1-1ruc:lr. companies, 1991 

Sales Percentage 

l'omp.tny ('nun try ( m11l10>n dollars) share 

(icrmany 1 822 1'1.2 

2 Tnyota 

3 J unghcinrirh 

Japan 119 IU! 

(ierman} 71!9 IU 

4 Knmatsu Japan 777 l!.2 

5 '.\,\('('() (llystcr·Yalc) Ln1tcd States 7 i.i 7.'i 

(1 '.\ord1co (BT) Sweden 5<. 1 5 'I 

7 Toyo Lmhankt 

Ii Clark Equipment 
<) Crown Equipment 

10 '.\1ssan 

Japan 4'1ti 5.2 

Lnitco States 449 4.7 

Ln1tcd States 348 3 7 

Japan :ns 35 

II I.an re r Bo's l"nitcd Ktng<lom 322 3.4 

12 \tan11<1u l'ranrc 240 2.5 

D Svcdo.la (Kalmar) Sweden 2.?2 23 

14 \11tsuh"h1 II.I Japan 1'10 2 I) 

15 IHr•• (h.1t and l'tmpcspo) '.\cthcrlands 121! 13 

It. J (. Bamford Lnt1cd Kingdom 143 15 

17 (·atcrpillar Lnircd States 141 I 5 

IH At let Sweden 130 1.4 

I'! llalkanrar llu!gar1a IB 1.3 

20 Haymnn1I Ln11cd States 117 12 

21 Ccsah Italy 7'1 ll.R 

:!2 l.anstn14 (imhll' 

B \'aimet 

<iermo1ny 60 I)(, 

hnlan.J 47 11.5 

H l.111~1· 
25 Svc ·1 rue ks 

Italy w !U 

Sweden 31! ().j 

y, l>csta ('1crhnslovak1a .lf1 0 ·I 

27 Orcnslcin & Koppel < icrmanv 21 () 2 

2R l.afts (icrmany I 'J 02 

1011\I. ') .'i0f1 100.0 

S1111ra· forrd1•rm1111'1Jmm111/ (\111n11·h. Lurnp.t·l'arhprcssc·Verla14 <iinhll. l>crcmhcr 1'1'12) 

.'Votr: The r;1nktnl\ dnc~ n11! include rhanl\CS 1n industry slrul'!ure 1n 1'1'12 (sec tcKt. scr11on ·I) 

I '.\ow pMt of l.1nde. 



been unable lo penetrate new market\. Whik the 1up .:!X 
cmnpanies lisleJ in 1he lahk dumin;1le lhe indus1~· anJ 
a1.:1.:oun1 for more: 1han SO per 1.:enl of all ~:,k~. lhl."re are 
more lh;m :!Oil signifi1.:ant lifl-lm.:k manufadurers [h'-11. 
Figure IV.32 illustrales the tlt"r.:entage share uf saks. 

( c J Rt',i:ional .mk~ 

In Europe. the four prinl·ipal EEC counlries. Franl·e. 
Gem1any. Italy and linikd Kingdom. acrnunl for 70 per 
n'.nt of Western Eumpe;m sales. Japanese pmJu1.:ers are 
1.:on.:entr..iling on the high-\'olume sel'lt•r. which consists 
of c~mnterhalaill'ed trucks weighing up lo three tonnes 
and off«-"ring a technically sound produl't at competiti\'e 
prices. This ha." encourageJ some European manufadu
rers to search for speciali1eJ r1i1.:hes. 

In l'iorth America. the t:niled St.ties market a1.:1.:ounts 
for 90 per cent of the tol;1l. The technical features and 
perfom1ann:- of many of llniled Stales lift trul·h ha\·e 
lagged behind Japanese- and W eslem-Eumpean
designed vehides. althtmgh United States manufacturers 
are lll'W dosing the gap. The Japanese market is domi
nated by domestil' producers. Dedines in produ1.:tion and 
sales in F.a.,.tem Europe has already been menlioned. and 
this leaves jusl under 20 per cer.l of 1990 world sales for 
the re~t of the worl•I. In de,:1.:endin~ order of importance. 
this comprises markels in Asi;! exduding Japan. Aus
tralasia. Lalin Ameri.:a and Africa. 

Another approach for analysing world sales is by type 
nf truck. A~ shown in !able IV.92. lhe mix of lrucks 
varies greatly according lo geographicai region. Narrow
ai~k and reach trucks are popular in Western Europe. hut 
le~s so in North America. where !here are fewer con
straint~ on space. In Japan. low-roofed warehouses of 
restricted sile predominate. thus fornuring small
capacily counterhal;mced trucks. A refleclion of how 
world sales vary by tmck type is given in figure IV.32. 

( d) lntanatimwl tradt• 

Wilh regard to 1rade flows in 1991. Japan;.!se produ-
1.:ers had I 00 per cent of !heir home market in lhe coun
terhalam.:ed tmck seclor, 50 per cent of the North Ameri-
1.:an market. 2!! per cent of the Western European market 
and 30 per cent of olher country markets (these figures 
include sale~ by transplants) [67J. European manufactu
rers accounied for 62 per cenl of the European market. 
11 per cent of 1he North American and R per cent of 
other markets. United Stales manufacturers wilh produc-

Rgure IV.32_ Variation in sales by truck types, 
1990 

Source. Allan Rawnstey SeNices. Forl<-uff Truc:As World Produdion 
and Ma1*ets (Cheshire. Unoted Kingdom. December 1991). 

tion in the Fnited S1a1es pnwided the l'torth Ameri.:an 
markel with 24 per cenl of its lifl 1rucks. lhe European 
market wilh 4 per cent. and markets in olher omntries 
wilh 2 per cenl of thl·ir tm"·h. 

It is hardly surpri,ing. lherefore. thal the major lrnde 
issues in this industry have l ·ntred on Japanese produ
cers. Again they possess advanlages hecau~e of the pre
dominant trade harriers 1·i.Hl-l'is other counlrie~. While 
the import duty within lhe EEC for lifl trucks is 4.9 per 
cent. EFfA c11un1ries do nol p;1y duty. In adJitinn. there 
is ..i rnlunlary re.,trainl agreemenl under which Japane:-e 
manufadurers have agreed to limit e'ports to the EEC lo 
14.000 unils a year. This helps hl explain the lrer.d lo
wards Japanese lransplants ii; !hose countries. Contro
versy remains. howe\'er. m·er the so-called grey imports 
of trul·ks from Japan which do not comply wilh lhe 19!!6 
EEC lifl-tmck safety directin:. and which are alleged lo 
he priced unfairly low. In lhe Uniled States. Hyster filed 
a dumping complaint against Japanf'se producers in 
1986. and the lntf'matinnal Trade Commission subse
quently mlcd in favour of lhe l1ni1ed States 1.:ompany. In 
198!!. lhe Ui;ited States Govemmenl imposed import 
duties of up lo 51.5 per cent on Japanese tmcks. How
ever. lhe Japanese responded by selling up assembly 
planls in the United Stales. and thus maintained !heir 
50 per renl markel share. 

T•blc IV.92. World lif1-1ruck salca by type mad n:gion, 1990 
(Thousand uni!S) 

Reach '.Vias led '.\on· 

Counlcr narrow- slacker Rough mas led World Pcrccn1agc 

lteg1on ha lanced aisle pa lie! lcrrain and 01her IO!al share 

Western Europe 90 IS IS 7 IS 142 30.2 

'.':nr!h America 72 8 s s 10 100 21.3 

Japan so 2 3 10 6S 1311 
Eastern Europe 70 70 14.9 

01hcr 44 13 20 (1 10 'J3 1 'J.11 

TOTAL 326 (<i'J.4) 311 (8.1) 43 (9.1) Ill (3.11) 4S (9.<1) 470 100.0 

Source: Allan Rawnslcy Scrvicn, Fork-lift Tn1rk.f: World Produ(fion ancl Morktt.f (C'hesh1rc, t:nilcd Kingdom, 

l>cccmher 1991). 
Nott: 1'1gurcs in paren!hc~s arc pcrccnlagu of world uadc 
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( ~) Employmmt 

In Eumpe. employment wa.s nol very much affected 
by~ gmwth of the industry from 1984 to 1990. sim:e 
the mergers a.,d al·quisitions in the industry had ;a com
pensating effC\:t. Since 1990. the decline in market soales 
in almost all countries ha.sled to job losses. Bmadly. th~ 
trend toward.s outsourcing of components also reduce:. 
employment in lih-truck manufacture. 

({) Profits 

As for the financial perfomla™-"C of the industry. vol
umes ;m: low. turnover is poor. and t.)s.-;es are being 
incurred. Prices in the United States and Eumpe are 
pmbably recm:cring fmm inflation. l-ut the trend m:er the 
past 15 years has been a price deterioration relative to 
inflation (671 Howevt>r. even though prices are low. a 
handful of larger pmduccrs are maintaining a widening 
price differential against some other mar.:facturers, as
sisted by the maintenance of R and D spending. 

2. .Warbts anll capacily in d~veloping cou~s 

According to table IV.90. the rest of the world. which 
excludes Japan. Nortla America, Western Europe and 
Ea.'itcm Europe. produced 93.000 lift trucks, or 19.8 per 
cent of worlJ production in 1990. Japanese tr:msplant 
factories in countries such as Australia account for a sig
nificant portion of this. while the industry in the Repub
lic of Korea rcprcscnLs 65 per cent of the total for the rest 
of the world. After the Republic of Korea arc countries 
and area.s such as Brazil. China. India and Taiwzn Prov
ince. According to producers in Jcveloped market econo
mics. market requirements are satisfied essentially by 
domestic production in Brazil. China. Republic of Korea. 
South Africa. Taiwan Province and Turkey. but overall 
the rest of the world relics heavily on imports. The laucr 
accounted for 19.8 per cent of world sales in 1990. 

Relative 10 worldwide demand, markets in developing 
countries. except the industrializing countries of Asia. 
arc not the lop priority of producers in developed market 
economics. and this situation is not expected to change 
much in the ncxl five years. Given the high degree of 
market saturation in Western Europe. economic growth 
in developing countries will make their markets much 
more important in the long run. For the moment. sophis
ticated warchousin~ techniques arc not needed. and local 
demand is too sma1l to establish production of lift trucks. 
Apart from the si1.c of the market. the other limiting 
factors arc the small opportunity for local supply of key 
cmnponenls (making logistics very complex). restrictions 
relating lo the imports of components, and the lack of 
reliable and frequent transport capabilities. 

However. some opportunities for producers in devel
oped market economies still ..!Xist. Linde. which derives 
less than J per cent of irs sales from developil'lg coun
tries. has sold lift trucks to Algeria. Ci)tc d'Ivoire. 
Ghana. Iran. Islamic Republic of, Malaysia, Morocco, 
Nigeria. Republic of Kor:::a, Saudi Arabia. Singapore. 
Tunisia, United Arab Emirates and others 167!. Since in 
the poorest countries orders arc in many cases financed 
hy the World Bank. competition al the tendering stage is 
high. Typically. a country will need port terminal equip
ment. distribution and then materials-handling c<1uipmcn1 
as its economy grows. This provides outlets for con-
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tainer-handling fmnt-lift counterbalaoccd lnk:ks. \·c:ry 
narmw-aislc pmJuc:ts. and. progressively. the whole 
range of rmducts. 

Among the important producing 1.-ounlrics in Asia. 
pmduccrs in the Republic of Korea build mainly versions 
of re1.-cnt Japanese designs. which are good for many 
applications. As shown in table IV.91. none of the pm
duccrs in the Republic of Korea are big enough to be 
included in the list of the world's top 28 producers. but 
it should be remembered that most or their exports to 
developed market economies ha\·e been lift trucks sup
plied lo original equipment manufacturers. The bi!!gest 
lifl-lruck producers in the Republic of Korea are Daewoo 
Heavy Industries and Samsung Shipbuilding and Heavy 
Industries. Other pmducers arc Doowon. Halla, Hyundai. 
Goldstar. Doosan (a licensee of Lancer Boss) and Tor.g 
Myung. Samsung and Daewoo have long exported lift 
trucks on an llriginal-cquipment-manufacturer basis. no
tably Samsung· s arrangement to supply Clark Equipment 
wi!h around 8,000 lift trucks a year. Overall. Samsung 
produces more than I0.000 lift trucks a year. mostly for 
export lo the United States. 

But it was Halla that became the first lift-truck com
pany in the Republic of Korea to export iLs product using 
its own brand name. The company is initially targeting 
export markets in South-Ea.st Asia. but later plans to 
expand to Western Asia. Europe and Latin America. 
Daewoo is joining the trend to export under iL'> own 
name. While it had previously supplied lift trucks worth 
more than $100 million over several years to Caterpillar. 
that arrangement is now being phased out. To counteract 
this. Daewoo is planning to promote direct exports of in
housc models through stronger dealership networks in 
European. Soulh-F .. ast Asian and other promising mar
kets. Other producers focus on the domestic lift-truck 
market. which has been sluggish in recent months after 
som.: years of strong growth. The domestic market rose 
from 7.900 units in 19QO to about I0,000 in 1991, and an 
estimated 15,UOO in 1992. 

Samsung's deal with Clark Material Handling is now 
coming lo an end with Terex, the new owner of Clark, 
taking production back to the United States. However, 
the most important foreign alliance for producers in the 
Republic of Korea arc with Japanese companies, as they 
have provided the bulk of the technical expertise. In 
1991. Halla Engineering and Heavy Industries formed a 
tie with Komatsu of Japan to produce engine-driven 
fork-lifts of 2 to 15 tonnes. while Goldsur Industrial 
Systems has concluded a series of deals with To_:o 
Umbanki. which started in 1989 with hallcry-drivcn 
fork-lifts, counterbalanced trucks, reach trucks and en
gine-driven trucks. I~ is understood that Doowon Heavy 
Industries has recorded a technical agreement with 
Toyota involving the production of both engine-driven 
and electric motor-driven lift trucks. Another company 
of the Republic of Korea, Doosan. manufactures lift 
lmcks of 2- 10 J.5-tonnc capacity under licence from 
Lancer Boss of the United Kingdom. 

Other developing countries and areas in Asia wilh lifl
lruck industries include Taiwan Province. whose produc
ers are Yang Iron Works. Prince Motors and Chin Yuan 
Iron Works. However. none of these companies make lift 
trucks exclusively. Lift-truck companie!I in Malaysia arc 
also beginning 10 sell their products in Europe. The 
truch arc low-priced and often ha~ on old Japanese 
models. The materials-handling industry in China is also 



beginning lo emerge as a ,·olume pmc.lm."er of lifl lru1.:ks. 
The inc.luslry is cum-ntly seeking joint venlures anc.l li
censing deals lhat wlluld enable them to build from Eu
mpean Jc-signs in China. 

Elsewht-re. Brazil ha.'i the best..Je,·dopec.1 lifHruck 
stttor. wilh ; : lea.'it 12 manufaclurers of sdf-pmpelled 
lda:tric- or engine.Jriven) lift lrucks. The largest l"Olll· 
pany. Compaiiia Hyster ba.'ied at Sao Paulo. is foreign
owned. :and Toyota aiso ha.-. a manufacturing planl at 
Soracaba .. Olher companies are locally uwnec.l. and their 
expons are muslly in sm.i!I quantities. 

Apart from lhe Japanese technical agreements with 
1·.>mpanies in the Republic of Korea. l'\ippon Yusoki has 
also set up a joint wnturc in Singapore wilh Unilec.l 
Motor Works tn market and pn)\·ide mainlenance for lifl 
tnicks in lhe siA ASEA!': countries. As for 1he sourcing 
of parts hy big foreign pmc.1111.:ers in developing coun
tries. again lhe Japanese have come lo the fore. In IWI. 
Komatsu Forklift began sourcing cast pans fnr lilt trucks 
fmm Bangkok Knmalsu lndu"try. a joint wnlurc be
tween the Japanese company and it., loc;il 'iales agenl. 
The plan was for 150 ionne-. tJ<:r i!'fmlh of pans lo be 
shipped to Japan. Also in 1991. Toyo limba..'lki sel up a 
join1 \·eniure in Anhui province of f'hina 10 begin pm
ducin!_! casl parts for its Japanese-bJill lifl 1rucko;. II is 
unc.ler.;tood that fmm 19Q3 the joim \·enture will aho 
start supplying parts to a Chinese lifl-lruck maker. As 
wit!> markets in de\·eloping counlrieo; themseh·es. ii is 
possible that such so•1rcing contra.:ts will increase in lhe 
future. if only because they will be needed II comply 
with local conlent requirements. Given the previous e'
cess capacity in the western lift truck induslry in devel
oped market economies. and in ~upplyin!_! mdustries such 
as foundries. the incentive 10 "ource in developing coun
tries has been low. 

J. Capacity utiliz.ation and ~xpansion plans 

(a) /Jomt•.rtic capacity 

Worldwide. the lifl-tmck industry o;uffers from a o;ufl
stantial surplus ii. manufacluring capacity. which means 
that lhe markel remains inlensely compelili,·e. In 19!19. 
when the world lift-tmck market wa~ at its peak. excess 
capacity was well in excess of 10 per cenl. In 1992. it 
appeared lhal the industry could produce as much as 
50 per cent more than its current outpul. Take-overs. 
mergers and joinl ventures have not done a great deal lo 
solve the problem. as they have heen offset by new ca
pacity. as in the United States. where Japanese compa
nies invested in greenfield sites. Excess capacity is less 
marked in non-cour.lerbalanced lift tmcks than in 
counrerbalanced, which is the dominanl product type. 

With current market conditions adding lo the problems 
of structural overcapacity in the industry. perhaps ii io; 
hardly surprising that producers do nor at presenl have 
ambitious expansion plans. Although much of the manu· 
facluring capacity is old and needs refurflishmenl. the 
focus of current an.I prc~jected inveslment is on new pro· 
ducts. which often leads to inveo;tmenl in manufacturing. 
Western European producers have also heen moderni1ing 
their production facilities lo increase efficiency and pro· 
du..tivily. In Germany. Linde invested heavily through lhe 
I 9ROs lo modernize ils facilities. At Aschaffenhurg. 
where Lin<le produce.• mainly diesel and liquid pelroleum 
gas-powered lift tmcks. it spent $27 million in 19!19 on 

a new ,·ehicle a."sembly hall. welding facilities for fork 
carriers. and a sand-blil"ting plant for krger l"\lmpnnems. 
At lhe relaled Still l"\lmpany at Hamburg. whi1.:h concen
trales on electric- trucks. aulomation of hydraulic- cylinder 
production wa_-. completed in 199<>. 

In the United Kingdom. Linde ha.o; spent some S75 
million on reshaping the industrial truck business of 
Lansing-Bagnall. which it acquirec.l in 19K9. It inlm
duced pmt.luctior. technology similar lo thal used at 
AschaITenburg. but ha.-. sensibly limitec.1 capal·ity 10 

15..1100 units a year. Jungheinrich of Germany ha.o; also 
inwsted ~avily in new plant and manufacluring facili
ties. and recently investec.l $68.5 million in production 
and fabricat1oc1 systt.'ms al its Hamburg plan! ant.I in a 
new sp-~-cialitec.l prot.lucti~m unit at Luneberg. 

The biggest planned investment in the lifl-tmck indus
try at pre.;ent inrnh·es the United Kingdom produc-er. 
Lancer Ross. which will hegin manufacturing al its home 
ha.'it' in Leighton Buuard. thus consolidaling its seven 
separ:tte sne-.. More elficienl methods of manufac•ure 
will be an important element in the Lancer Ross plan to 
remain competili,·e in volume market:; for lift-trucks. 

I h> l>ire1·1 inn•.ttm1•nt on•r.tea.t 

The mosr important trend in direct overseas invest
menl over the past decade has been lhc expansion by 
major Japanese lift-1rud: pmduc-ers. Besides their invest
ment in de\·eloping coun1ries. the two main thrusts of 
their m·erseao; develo:JO'ICnl have been in Europe and the 
United Slates. Jap:mese suppliers. led by Toyota. rely 
mainlv on .. upplying '>landard fork-lifts ralher than spe
cialist ~quipmenl. and in the mid- I 9!10s suflered from 
the imposition of United States anti-dumping Julies. 
Komatsu. r.tissan. T1•yo Umbanki and Toyota estafllished 
production facilities in the Unilec.I States in 1987 and 
eApandec.1 in 19!1!1. The presence of Nissan in the United 
Stales was achieved following the joint acquisition with 
Marubeni (a Japanese trading house) of Illinois-based 
Barret Industrial. 

In Europe. Japanese producers have hilherto relied on 
production transplants where European producers make 
lift lrucks on their behalf. Bui some of these arrange
ments are now being allowed to lapse. In preparalinn for 
the single European market. Japanese lifHmck makers 
began to transfer manufacturing plants. In Spain. Ni .. san 
Motor lheric:? has hecome the first Japanese lifHmck 
producer to make electric trucks in Europe. and also 
produces engine-driven tmcks. Mitsubishi Heavy Indus· 
tries. whose lift tmck activilies ha~·e merged with those 
of Caterpillar. hegan assembling lift trucks at Almere in 
rhe Netherlands in 1991. leading to the suhsequenl can
cellation of a production alliance with Sadam of Italy. 
Toyo lJmflanki is also producing lifl lrucks in Belgium. 
while Nippon Yusoki h:t' 1aken a more caulious ap
proach. II set up a spare parts and after-sales service 
facility in Belgium in 1992. hul still imports ils electric 
lift-11111.:ks from Japan. Some produclion deals are still 
fleing implemented. Lancer Ross makes en~ine lift trucks 
in the United Kingdom for Komatsu. in an arrangement 
thar is now in it~ second live-year period, and has been 
expanded to include <It-sign work. A further pro1h11:1ion 
agreemenl involving electrk lifl trucks is pendin~. 

Gi,·en the current reces~ion. it is understandaflle rhal 
no major new investmems arc planned. Japanese compa
nies had lo make production cuthacks in the United 
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States ;and in EunlpC a-. 1o1;ell in 1991. Niss;in announ,:eJ 
pmJuc:tion cub of up to IO rer cent in late IWI and ha" 
reslrucluml its United States lifl-lrud: pruJuction anJ 
sales oper:llions. In IWJ. l'is..;an lnJustrial F..11uipn~nl 
and Barrel finally merged 10 pmJuce North American 
Nissan Forklifl. which will have 400 employ~s anJ lhe 
capacity lo pmJoce Q.000 fork-lifls a year. At the begin
ning of 1992 Komalsu also began scaling back opera
tion.s al ils United Stales pruJuclitm subsiJiary. 

Apart fmm in\·estmenls made by fa~ 1.-ump;inies. 
the biggest Jirecl over.;cas investment in m:ent year.. 
wa'\ by Hyster. the United States producer. ll m:ently 
began an !•8.2 millitm exp;insion al ils Craiga\un fac
lory in Northern Ireland. which il firsl eslablisheJ in 
1981. In line wilh lhc lrcnd among major lifl-truck pra
du1.-crs. Craigavon wa'\ originally designed to be lhe 
worlJ source for Hysler·s XL pmducls. de\·cloped in lhe 
lale IQ70s to meet the challenge from Japan and Asia :i.-. 
a whole. The expansion project was backed by the 
Northern Ireland Development Board. and it is hoped 
that employment will rise from 380 in 1991 lo 720 in 
1994. High productivity ;and a competitive cost structure 
were important fact.Jrs in rhis expansion plan. 

( c > Component sourcinx 

Component so~1cing policies arc changing in line with 
business developments. One of the justilicalions for re
cenl mergers and acquisitions ha..; ~n lo achieve a more 
common sclurcing of pans across different product 
ranges wilhin l~e enlarged groups. The limiling faclor is 
1ha1 lift trucks are sold in a wide variety of configura
tions. which to some eAtent reduces lhc ability to achi•ve 
common component sourcing. 

However. probably the biggest productivity gain to 
have emerged from lhe component side in lhe pasl 20 
years is lhe incre;a.<;ed use of aulomolive componenls. 
Typical our-sourced components would have a very low 
labour content. and the benefits from out-sourcinr would 
come from speciali7.ed automated manufacturing :n high 
volumes. Linde has started to purcha.~ parts and compo· 
nents from low-cost Ea.'\lern European countries 167). 
Volume is still low. but will expand. Ir a given part can 
be sourced from outside al lower cosls and the quality 
fulfils its requiremenls, il will slop production and out
source inMead. But this is nol a valid policy for parts that 
have a design unique to Linde. and exchange rates can 
also have a hearing on purchasing policies. The 
Mitsubishi and Caterpillar j,,,nl venture has also consid
ered opportunities lo source both components and com
plele trucks outside lhe company, but in general it is 
looking for long-term relationships. 

As has happened in other industries, the component 
supply policy of Japanese companies has changed as it 
has moved to over 'eas manufacturing. Accordingly. the 
local content ratio of machinery and other products made 
overseas has been increasing (t'R). However. Japanese 
lift-tmck producers such as Nissan and Mitsubishi have 
reached local content ratic:s for manufacturing in the 
United States and Europe as high as 60 per cent. 

4. Industry restructuring 

There have been several important take-overs in the 
lift-truck industry recenrly; after a series of mergers 
which took place in the mid- to late- I 9ROs, a second 
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wa\·e is well under way in an inJusuy which is plagued 
by eiH.--CS.'i c01p;ici1y. incre;i_,.ing pri1..-e nm1pe1i1ion fmm 
Japanese 300 Asiotn pmdu1.-ers. and an excessive number 
of pmdU1..-ers. especiotlly in Eun>pe. 

In IW~. Terex. a diversified inJuslrial anJ ctmstruc
tiun equipmenl gmup. p;iid $Q5 millicm for Clark M011e
rial Handling. which had been pul up for ~le by irs 
United Stales owner. Clark F..quipmcnl. Elsewhere. Cat
erpillar of the United Stales anJ Mitsubishi Hea\·y Indus
tries of Japan are merging lhcir lifl-lruck busine~ inlo 
a global joint venlure of which 80 per cent will be owned 
by MUI. In 1992. Linde ofGenn:my. the world'" biggest 
lift-truck manufaclurer in sales terms. pun·h:i.'\e<l a 51 per 
cent stake in lva·o·s Fial OM Carrelli Elevatori. In ad
dilion. Lancer Boss. lhe biggest independenlly owned 
Uniled Kingdom producer. is buying the ccnlr.ll distrihu
lor Manualp of France. while Crown Equipment. a large 
Uniled Stales pmducer. is taking a minority stake in 
Halllt!Ch of lhe Uniled Kingdom. 

In the earlier wave of mergers. producers made acqui
sitions in order lo expand their presence ahead of the 
single European product ranges. In 1ha1. a.'\ well 3.'\ lhc 
present wave. medium-sized companies arc realizing lhat 
lhcy need 10 merge with companies of similar or larger 
si1.c in order lo survive a.'\ the industry becomes incre;1'\
ingly international; and large companies wilh a strong 
home b:i.~ or effective regional coverage are looking lo 
become global. In Europe. some privately held pmducers 
have retained thal status loo long. and are looking al 
merger... 

Linde of Germany. NACCO of the United Slates. 
Nordico and Svedala lndustri of Sweden and Lancer 
Bms of lhe Uniled Kingdom have ~n the main active 
participants in the industry mergers. Linde wa'\ lhe in
dustry leader in 1989 a.; a resull of a string of acquisi
tions in the 1980s, "Nhich included Fenwick in France. 
Wagner and Still in Germany. and Lansing-Bagnall in 
the United Kingdom. ll ha.'i also been helped by a strong 
growth in turnover. and has moved quickly lo exploil 
opportunities in the eastern part of Germany. where it 
has purchased Leipzig-based VT A to create a slrong 
dealer nelwork. 

As shown in table IV.91. NACCO (North American 
Coal Corporation lnduslries) is in fiflh place. hehmd 
Toyota of Japan, which is expanding in the Uniled Stales 
and in Europe via greenfield developmenl rather than 
lake-overs. (';ACCO's major business seclor. Hyster
Yale Materials Handling. comprises Yale. bought in 
1985, and Hyster. acquired in 1989. 

Swedish companies have also been active. with the 
diversified manufacturing company KF lndustri, now 
renamed Nordico. placed sixth in the: 1991 ranking.; after 
the take-over of BT of Sweden. In addition. Kalmar In
dustries acquired Coventry-Climax of lhe United King
dom and Gc:nnany's l..arf and Irion warehouse systems 
cmnpanies in the JQ80s. Kalmar's owner. Procon.lia. sold 
its lift-truck operation to Componenta International of 
Sweden. which was purchased by Svedala. the Swedish 
transnational corporation. in 1991. 

Lancer Boss. the privately held United Kingdom com
pany. purchased Munich-based Steinhock in 19RJ and 
Barcelona-based SAM Fenwick in 19~7. and had a ma
jority stake in flyco of Milan, the reach-truck producer. 
in 1992. 

In the United States, Terex has purchoised C!ark. a 
leader in terms of its product and its unrivalled United 



Sula dealer nclwt.'rlt. for a surprisingly low ~95 mil:ion .. 
The subsequet.l 3nd importa11l Calcrpillar ;mJ MHI 
merger w;a.s less surprising. The lwo '-·ompanics have had 
long-sl3nding. SOC\.-CSsful l."ooperalion in hydr.aulic exca
vators. 3nd Caterpill;u-. lbc world leader in l.'l'lllsl.rudion 
cquipmenl. did ool war.I lo loose furth.!r market shares .. 
""1e new l.'llfllJ>illlY· Mitsubishi Caterpillar Forklifl. will 
have slmng regional aultmomy while reaping a.-onomia 
or scale that woold oo1 have ticcn possible earlier. Com
bining the lwo l.'l>mpanies will make the ninth or lenth 
bigg~t l.'l>mpany in the induslry .. 

Technologically. industrial lirt trucks are a mature 
product sa.ior. with no substantial leaps in technical 
development expected. Apm from environmentally re
lated issues such ao; emissions, noise. vibration and t>.1-
tery developmcnl. the R and D carried out by lirt-truclt 
companies is heavily oriented towards increased ad
vances in product performance. on the ·~ hand, and 
comfort in the cab, on tf.c other hand .. Aparl from these 
areas, perhaps the most interesting is.we involve.s the 
changing rol: or lift trucks in automated warchouc:cs, and 
as a li:llt in incrca'iingly sophisticated logistics chains. 

With proprietary ttthnology at a relatively low level 
in the iridustry. and lfle various types or lift trucks well 
defined and unlikely to change much, producers arc try
ing to gain on each olflcr with new product features 
devoted to increao;ing productivity in operation. One ap
proach is to offer machines that can achieve slightly 
more than a previous model. For example. grcwing pres
sure on warehouse space is often met by raising the 
height of pallet racking lo accommodate an eAtra level or 
stock.. This opens up a mark:l opportunity for reach 
trucks that can reach higher. The current maximum over
all lift height in the industry is 10.7 mi:lres, a.o; illustrated 
by recent new producls from Jungheinrich and Linde .. 
Such dcvclopmer.ls arc importanl, because in warehous
ing lflere arc usually allcmalive mclhods for every prob
lem; a greater lift heigh! on a reach lruck narrows lhe 
performance gap be1wccn !his type or truck and high
rack slacker trucks. Occasionally. palenled lcchnology 
will help the new producl programme of a company. The 
lalcsl reach lrucks or Jungheinrich, for example. have a 
palcntcd hydraulic cushioning syslem which resulls in 
faster handling cycles. Working like shock absorbers in 
a car, the cushioning reduces masl sway when the lruck 
is relrieving loads al lhe upper lirt hcighls. This improves 
performance speed and operator safely. 

A srcond importanl area is csscnlially crg.momic, and 
has been inlroduced to improve the perfonnance or lhe 
driver. and thus the overall productivity or the machine. 
A recently introduced reach !ruck from Lancer Boss has 
sort-louch controls for finger-lip operalion, hydro!tatic 
power s1eering 10 enhance case in driving and reduce 
fatigue, and a fully adjus1ahlc upholstered suspension 
scat and panoramic visibility 10 improve safely and mini
mi1.e lhe chance or damage to the loaJ er racking. 

LifHmck producers offer such features lo persuade 
customers lo lrade in their old models in favour or lhe 
increased productivi1y from more modem ones. Anolher 
fairly common rcalUre on modem lirl lrucks is eleclronic 
controls. Micro-electronics arc being used increasingly lo 
improve productivily and reduce energy consumption 

:and mainte!Wk.-c costs. Warehouse computing is L'l>rllinu
ing !· grow in popularily as opcr.dors ad.nowlcdge the 
benefits of using on-board tnm.inals. scoanners and rc-..J
ers lo get the most out or lfleir lift lroch. The bar l."Odc 
scanners. r.adio data lcrminals and host warehouse com
puters c..'l>mbinc into a soph~lh:ated w:atdlousc l.'l>rltml 
syslcm. plotting lhc mule or the truck and allowing op
:rators lo l."Oll1municale dil'C\."tly witfl a warehouse l.'lXltrul 
system without u.-.ing raper and without leaving the tntek .. 

These developments arc Cfll.'llllr.lging lifl-lruck pro
duc..-crs lo view lflcir prodU\.15 as part of an integrated 
warehouse system. and to align their markel.ing a.'l:orJ
ingly. Linde. fo; example, has developed a computer
bascd software p;M:kagc called Stralos 10 design and test 
material-handling systems using computer-aided design 
techniques .. The scrvil.-c aim.s at cnccY.1raging truck users 
to get the most cost-effective results from a warehousing 
system .. 

Indeed, the major tecilnology issue for lift-truck pro
ducers in the future is the impact or automated wan:
housing systems on their business. A future trend to
wards a higt.er degree of automation ought to favcur 
other material-handling systems, such as stacker cranes 
or automatic guided vehicles.. There is certainly in
creased !ISC of h!gh-dcn..sity warehousing where normal 
counterbalanced lift trucks are dimensionally unsuitable. 
However. lift truck producers do not see •IRY danger that 
their products will be significantly displaced during the 
next 10 years .. They have developed special lypes such as 
very narrow-aisle lirt trucks lo address such markets, and 
arc constantly updating and improving their produ::ts. 
The markets for self-guided vehicles and warehouse 
managemenl systcm..'I arc growing. but rrom small bases; 
so far it ha.s proven difficult 10 combine their technologi
cal and commercial benefits. Probably the biggest cur
renl deterrent lo gmwtfl for these types of product is their 
marginal profit opportunity. Technology developments 
may also affect the mix of diffcrcnl types or lift truck in 
different application..o; .. Containeri1.a1ion, for example, has 
reduced the number or lirt trucks used in ports. but this 
decline could be offset, ror example, by sales of con
taincr-s1urfing trucks. 

Furthermore, lirt lrucks arc expanding 1heir areas or 
application by speciali1.a1ion of lruck auachmcnts, often 
supplied exlemally .. An example is the Forklifl Mate 
series or 15 auachmenl' launched by lhe Japanese com
pany Sanyo Kiki for such tasks a.s grabbing, 1uming. 
digging, clamping and scooping. However, possible cus
tomer resistance to even more advanced enhancemenlS 
may act as a delerrenl. 

As for changes in lhc manurac1uring lechnology used 
lo produce lift lrucks. introducing a new model offers the 
capabilily lo modify. and in some cases dramatically 
change. the manufacturing process. Thus, lfle ir11roduc
tion of robot welding or large single-cast countcrwcighls 
can be accommodaltd on an incremental ba,is. There is 
also considerahlc scope for improved applicalion or 
manuracluring lechnology, particularly modem flexible 
manuracluring systems. which can produce small batches 
efficiently. 

ti. Environm,ntal con1ill,rt1lion1 

The produclion of lift lmcks raises the same environ
mcnlal concerns as in most olhcr sector:-; or mechanical 
engineering. The industry doei'i nol work wilh dangerous 
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materials or ~hemic.ils. "'1 the pollution causal by the 
industry is relati,·dy minor. However. enviromnen~ and 
safety factors arc playing an increasingly important ran 
in product ~ign ;and specification. The is."ues here are 
ewust emissions. noise ;and ,-ibr.ttion levels. safety of 
tl'M:- opcralor ;and. most recently. disposal or u.'iCJ parts 
such as baneries. 

These issues are becoming more important par.ly he
cau...e or regulatory changes. In m:ent years. there ha." 
bttn considerable :mpha.'iis on rcducing the noi~ levds 
of lift lrucks. and prodtk.-ers in developed 1.-ountries have 
woded to 1.-ut nciSt: to minimum level'>. Exhaust emis· 
sion regulations are bel.-oming tougher in nwkets such ;i.<; 

that of the European Community. allhough emissions 
have not created anywhere near •he S3me level or mn
cem as for road vehides. Ruks rcslrn:ring the U'SC or 
intemal-combu.~ion-cnginc tru...'"ks in er .•• ,~spaces arc 
becoming mor:: stringent. 

Now. and in the next rew ~. rhe "'·•'t signifii:ant of 
these environmental issues for the lifl-uuck indasuy is 
the baule between the engine and the ela.'1ri1: truck. 
Table IV.93 shows I.hat rou!flly the same proportion of 
the two engine types. electronic motors °'" internal com
bustion. arc built into counterbalanced truclts. Engines 
can be f~lled by liquid pe'J1•lt"1!f'l ga'i. diesel oil or 
petrol. Narrow-aisle trucks used in modem warct-.ou...es 
are all electric-powered. whereas rough-terrain lift trucks 
are ail engine-powered. In the European market for 
counterbalanced lirt-lrucks. this proportion changes 
slightly; it is 60 p..'T cent for internal combustion and 
40 per c:nt for electric-powered trucks. 

Although there has been some shift from die'\CI power 
to propane gas power. the more logical shift to elcctric
powercd trucks ha..o; not lalten place ao; most manufactu
rers predicted in she 1970s. In Japan. 1he ratio or electric 
lift-truck production to lotal production is growing. Pro
duction or electric lift-trucks in the first eight months or 

1991 Ol\."COUntcJ r•)f' more than JO per \.~nl or the total. 
1."0m"3ttd wi•n :!6.9 per 1.-mt for the •-ho.lie of 1'1'Xl. 

Some pruuocers bdie,·e the lin1C •·ill \."l.mJC when no 
fonn or intcmal"",,mbu...iion-engine lrul:k will be al
lowcJ lo tll)er.Jle oli'M:-r then outside. because or noise 
1c,·els ;and fome emis..,ions. Gemlillly. in parti'--ular. ha.., 
\he toughest ~gulatit'll.., for intttnal"'-·or11bu~ion-cngi~ 
vchidcs opera.ting indoors. In outside u~. IKl11oever. the 
intel'D31-combustion-cngine truck. 1.,1rrently remain.., su
Pfeme bec;aUS(; of its ability to lr.lvel long distOUk.""eS. 
Technology is now 1.·oming to d.: aid or both the ~1 ... -.ric 
and inlernakombu...rion-cngine :ift-tnsck prudll\.~rs. al
tl'l'lllgh it should he said that mos& of the major \."l.llllpa

nics in the indusary still employ both types. In da"tric 
trucb. the key dc\-cl.>pment is that of lt'llger-lire bauer
ies. F'or example. the Japanese 1."l.1111p;my Toyoda Auto
matic Loom Works has launched a proja.-t aimed al de
veloping a high-oulpul sealed nickel-hydrogen banery 
for Jri,·ing lift trucks. These batteries would power a lift 
truck. m·er 2.3 limes the distark."e con a single char~c) 
compared with 1.-ooventional lead batteries. and would 
achieve speeds about 1.6 times faster. But the bot long
lenn prospel."t is generally ,-iewcd as being the nidel
meral-hydridc battery. being developed by Ovonics in 
the United States. 

Another approach is sinaply to use i.arge-capa;ity con
ventional batteries and mounl them on truck.\ ~igncd to 
match the work throughput and the rcsilienc! or an 
internal-combustion-engine lruck. Linde has recently 
launched a range or electric Ifft-trucks built to work in 
environments suc.:h as mug"' ;-·ards. There io;, however. a 
further environmental problem. wi1h electric tru..:ks likely 
lo become more important as European Community 
regulation.-; on industrial wastes are lighlencd up. Old 
baueries arc one or the key environmentally sensitive 
wa.,te prodlk.-ts from lira trucks in their working li,·es; 
olhers include hydraulic and braltc fluids. tyres. packag-

Table IV.93. World lil'l·tntd: ula bJ 1...n: IJPC alld motift power, 1990 
(Thousand unils) 

Percenta1e share 
Global sales of 101al world sales 

Internal Internal 
combustion combuslion 

Truck type: engine Elecuic To1al en1ine Eleclric Total 

Counterbalanced. 
of which 1S9 167 326 34.6 36.3 70.9 

t:p 10 2 1onnes 68 129 197 14.8 28.0 42.8 
2 - S tonnu S6 30 86 12.2 6.S 18.7 
S - 10 tonnes 26 8 34 S.7 1.7 7.4 
Over 10 1nnnes 9 9 2.0 2.CI 

Reac:ll narrow-aisle 38 38 8.3 8.3 

Mas1ed stacker pallet 43 0 9.3 9.3 

Roush terrain 8 8 1.7 1.7 

Son·1na11ed ind c.thcr 13 32 4S 2.8 7.0 9.8 

To111 180 280 460 39.1 60.9 100.0 

StHlrtt: Allin R1wn1ley Services, Forfr../1fl Trucks: World Production tJlfd Marlfns (Chc5hirc. 
t:ni1ed Kin&dom. December 1991). 
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ing malttials and pl;;....aics. All of lhcsc pRSCnl probicms 
f~>r envimnn1en1ally safe Jisposal. ;an issue lh:ll 111311ufx
lurns can no lllllger ignore. The inJu....,uy. unlil ra~lly 
not very aw:are of lk•w fe\.~·dablc a lifl lrud: is. has bttn 
surprised lo linJ lhat il is mu..:h beucr in lhis mi(>C\:'l lh.an 
a ..:ar. 

A new anJ gm"ing bauery le..:hnology in\·oh·cs fuel 
l.""Clls: lhese K~~nl a form of bauery which is l."l."'lltinu
ou.."ily fal wilh a h}Jmgen-ri..:h foci su.:h ;t."i n~lhan.11. 
The main advantage of a fuel cell is that it Jocs not need 
the fmtuenl rcch;ar.ieing nn--essary for baumcs. Fuji El«
tric i-. Jc,~luping sm;ill fuel l."l:lls for ,-chick:> su..:h a.'; lift 
lrucli.s. anJ rescan:has al Sicmc:ns arc working on simi
lar idca.s. The main l.-UrTenl Jr.iwb.~ks arc calll mon
oxide poisoning anJ higher unit l."l.lSts. but these should 
be IC'\~ m·er lhc nexl Je..:adc. 

Amo:tg ;\llcmpts lo dean up the internal l."l.lltlbuslion 
engine. h}Jmsl;llic or d«tric lr.in.o;missions can be used. 
allowing lhe motor lo run at lt-wcr svccd'i. thus reducing 
lhe emissions. Gcrm;an and Japanese companies arr in
~·Oling in lean-bum inremal l."l.Htlbuslion engines 
cquippal with catalytic converters. In Germany. govern
ment in...,f)Cl."tors arc already moniroring the pro!">rtion of 
cam partidcs in lhe almosphcre or enclosed spaces 
where diesel exhaust fumes arc prcscnL Adhering to the 
present Ii mil of O.::! milhgr.ims of carbon per cubic rneltt. 
the Cicnnan engine company Dcu!z has reccn1ly inlro
ducal the USC Of SOOt lr.1~ Oil lhC CXhJUSl. 

Jungheinrich. the major German lift-truck producer. 
ha.~ in the pao;t lwo years taken a two-pronged approach 
lo ckaning up internal comb·1slion ::ngmcs. On the one 
hand. il ha.s launched a range of liquid-pctmleum-gas
powcral rnumerbalanced lifl-lrucks. fined with a two
stage catalytic c'mvcrter. Whereas prcviou>ly liquid-pe
lmlcum-gas uuds could only be usal in well-ventilated 
envimnm<:nts on an intcrmiuenl basis. substantially 
longer work cycles can now be undertaken. On the 01hcr 
hanJ. the company ha.s launched a range of dean diesel 
lifl trucks incorporaling all lhc latest advances in inter
nal-comhustion~nginc anJ noise reduction technology. 
Dcvcloprnent'i such :i.; 1his could continue lo forestall a 
major increao;c in 1hc use of electric lift trucks. 

In rhc manufacl:iring pnk.ess for lift trucks. the most 
polluting process is probably the paint shop. but it would 
he wrong to overcstimalc lhe problem when compared 
with the challenge lhat anlomotive producer.; face. Al 
Linde. lhe wao;1c air from lhc painting ccnltt is passed 

lhmugh an incincr.ator to remove the volOllalc organi\: 
l."l.llllpounJs. The cuntml of emission lc,·cls is guaranteed 
~y sc:n..,.ors. Llnl..--cr Boss in the UnireJ Kingdom has also 
l'Cl.-cnlly installal a new p:tinl shop aimal bolh al im
pnwing lhc prtlJlk."t finish anJ the quality •lf rile woning 
envimnmcnt; the paint booth air is changed four times a 
minute. 

7. Sit""- IUUl •nli---ta• Ollllooi 

The immalialc prosJJC\."ts for the lift-truck inJusiry arc. 
ine,·itably. dcrcnJcnt on lhe pat.-c al which RlOlrkcts in 
Jcvclopcd market economics recover fmm ra..-cssion. As 
Jisc:u."i..'iCd earlier. the North A~can marker is already 
showing some sign.s of ra."Uvcry. bul the situation in 
Eunlpc is still unclear. Given the importam.-c of the 
German market. which accounts for about 30 per cent of 
the Western European market. the actions of the Bundcs
bank in relation to interest rates l.."Ould he partil.-ularly 
significant. Customers reduce spending on lift lmds in 
times of ra..""CS.sion. but the industry gcncrally lags behind 
ralher ihan leads any ra--ovcry. This is because customers 
wail for evidence of inl.Tcasc-.1 activily before. perhaps. 
investing in a new wardiousc or updating their 1..-urrcnl 
facilities. Al1hough the lalest model t'f lift truck might 
offer significant prodlk."tivily impmvernenlS over a cus
tomer's 1..-urrcnl model. it still represents an expense lhat 
may not he undcrtaltcn until ccor.omR: condition.s arc 
more favourable. 

The oullook in the markets of developed market 
CC'lllOmics. therefore. is one of slow recovery for lhe lift
lruck indusuy_ The projections in table IV.94 suggest 
that only in 1995 will the market reach the level it at
tained in 1988. This forecast. however. was prepared 
early in lhc currcnl recession. before its effects spread lo 
Japan. There also is considerable doub< lhal the Ea.stem 
European markcl will recover at all over the nut few 
years. Industrial cquipmcnl. after all. is emerging as a 
fairly low priority in Eastern Europe and the former 
USSR. The critical condition of the food disrribulion 
network in the former USSR ought lo stimulale demands 
for lifl trucks. but il is difficult lo sec how such pur
chases will be financed. In contrast. the strong growlh in 
the NlCs of Asia seems likely to continue. barring any 
major collapse in lhc world economy. 

As for the s1ruc1ure of the lifl-lruck indus1ry. !here is 
general unanimity in the industry over current trends. 

Table IV.94. POftaat al .-Id dnlalNI ror lift tnicU. 1990· J99S 
(Thousand ronncs) 

Forccur Pcrccnragc 
Ac1u1I change 

RcgKJn 1990 1991 1994 199S 1990·199S 

Wn1crn F.uropc 142 14S ISO ISS 9.2 
:'llorth America 100 II() 120 12S 2S.O 
Japan 6S 65 6S 6S 
F.a11crn F.uropc 70 so 60 6S -7.1 
Or her 93 n 80 90 -3.2 

TOTAi. 470 44S 47S soo 6.4 

Index ( 1990• 100) 100 9S 101 106 

.'iouru: Allin R1wn1lcy Services, forlt.f1fr ThKlu: World Producnon attd 
Marlins (C:he1h1rc, l:n11cd Kin1dom, Occcmhcr 1991 ). 
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Luk.-cr Bos .... says that a ,.tty small numha or 11l3Jor 
nwaufacturns will supply the majority or the \1mrld mar
kd ((17l. Major companies are gmwing fa..;l. anJ the dif
rerel'k.-c in si1.e hclwttn tltc largest thrtt or four and lhc 
rest is ilk.tta'>ing. The smaller cornpanio may v.-ell 
manufacture for lhc lar!,!er ones or will he hou~hl tiy 
them. and the number of failure-. is ilk.--n:.1.,ing each year. 
In Europe. panil.'lllarly. observer.. ~X(IC\:l iocrea.;cd 1.·un
c~nlralitm in manufacturing 1.·omp:mics lhmugh the 
I 9'Xls. although the current re1.-cs_.;ion ha"i yd lo produce 
any Rliljor coll;tp'i('" in lhe industry. An allemali\·c stra
tegy for smaller -.umpanio llw wish lo re.nain illtkpc11tl· 
enl will be lo 1."0lk.-cnlrale on a niche or ~ialist product. 

Finally. wilh regard to the outlook for the lifl-:ruc:k 
induslr}' in Jc\·eloping counlrics. il seems lhal the ad,·an
ragcs of the South a" far as labour and other 1Tsoun:e 
costs arc 1."tlOCCmcd are 1.-crtainly not sufficient lo allow 
them to reach a signifi'--ant position in lhc world indu.'i
trial truck ma..rket in the ilCXt decade. for this type or 
prodll'-'1. labour costs arc not high. and are ea,.ily offset 
by other cost problem.Ci such as logistics. lran.'iport anJ 
other incfficiencio. The expan."iion of a lift-uuclt indus
try must follow domestic induslrialiralifln; a manufac
turer wilh no home market can ne"·er play a significant 
mle internationally. This implio that growlh in 1his in
dustry O\·er the next few years. apan from the NIC s or 
Asia. will take place in Braril. China. Egypt. India. Iran. 
Islamic Republic of. Mexico. Nigeria and Turkey. 

As regard the chances for newcomers from developing 
countries entenng lhe international markel for lift trucks. 
there are a number of obstacles to be sunnounteJ. They 
may need to design trucks to serve different purposes for 
industries in the North. In the latter countries. lrucks are 
designed to safety s1amlards differenl f10111 those applied 
in the South. In aJdition. developed countries have ready 
access lo advanced components i such a'i engines. pumps 
and electrical and electronic conlrollc:N a"i well a~ ad
vanced design lechnoloE.y lo optimiu design for manu
facture. Apan from sarety regulations. nthcr legal harri
ers can include imr"Jrt duties and product liahilily re
quiremcnt'i. In addition. a potential new supplier has lo 
break lhe existing relationship by offering distinct com
parative advan1a~es. One approach. a'\ taken by 
Malaysian exporters lo :he United Kingdom. is i•l offer 
a relatively ba,.ic hut ~,,..J-value lifl truck. Even so. this 
will still require support from spare parts and service 
staff. and a network of dealers if ii is 10 be successful. 
For this reason. joinl ventures with producers in devel
oped market economies involving li.:ensed pmducli.m of 
recent. if not current. designs would be a heller way for 
a developing country holh lo serve its own needs, and lo 
export producls which it could nol sell in an already 
established marketing network. 

M. Numrrically controllrd machine loolll 
(ISIC 3823)• 

I. Rtctnl lrtnds and cu"tnl condition.f 

World production of machine tool~ peaked in 1990 al 
S45.5 billion afler seven conlinuou'i years of growth: ii 
then declined by 10 per cenl in 1991 and hy more than 

•1;Nf1Xl adnowlrditr• rhr con1nh111ion o( Andt'r'l<•n A•hht1m, 
llm,,1r11n Mat'lm11.1r. 
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N per .. "Cf'il in l'N2. This brought lhe tobl value of pru
,luction down to S.l2.5 billicm. Till" collapse or madet-. in 
f.a..;tcm Eun~ anJ the former liSSR combined with lhe 
current ('(\.·essitm caused sales lo decline in almost every 
region of the worlJ. While wmc ma_ior prnducing coun
lriC'i in Asia also w·i1nesscd a decline. other.. Jid not. The 
share of production anJ .. ·on'itlmption of major regions 
can be ,-iew·eJ in figures IV.JJ anJ IV .. l-i. Western Eu
rope conlinues .._,. lhe major region for both pmduction 
and consumption. with Japan almost a' important. West
ern Eumpe and Japan produce 72 per "-cnt or 1he world's 
machine lools. hut they '-"tlR."iUmc only 56 per '--Cnl. Other 
regions are all net importers. con.'iuming more lhan lhey 
pmdlk.-c (701. 

(11) PmJuc·ti.in 

Machine-lnol production for a wide r:mf!e of countries 
anJ area-. over the period 1987 to l'N2 appear; in table 
IV.95. Regional lotals in lhc table include estimales for 
other \."tlunlries in lhc region ba"ied on the Ir.Ide data 

F'tgUre IV.33. World machine-tool production. 1992 

_e..,._ 
'7.r. ---

Sour.:e. Amenan ""1dwnl. vol. 137, No. 3 (March 1993). pp. 34-35. 
and vol. 133. No 2 (Feb<uary 1989). p 61. Wllh adtuSlmenlS based on 
trade data of OECO countnes for reglOllal and world IOlals for counrnes 
nor reported 

Figure IV.34. World machine-tool consumption, 
1992 

-Anienc.i 
130". 

"-!&S·. 21•. 

Souru '4merlCJln Machlfllff. VOi 137. No 3 (March 1993). pp 34·35. 
and YOI 133. No 2 (February 1989). p 61. With a'1!usrmenrs bllsed on 
1r1111e data of OECO counlnes for reg.anal and world IOlals fOf countnes 
not repotled 



Table IV.9S. World _.__tool ,....lldioa. 1"7. 19'1 nd 1992 

Productioa 
Ecoaomic groupini. World share Pcrceatagc cllaage 
regior:. country 1917 1991 l~.? 

or area (millioa dollars) 1917 1991 1992 1917-1991 1991-1992 

A. Or\Tlapftl «-.ia 

Wcstem Europe 14021.1 18 993.8 16 SI0.3 43.1 44.{l 47.4 3S.S ·13.1 
Aiastria ISS.0 2n.s 246.2 o.s 0.6 0.7 7S.8 ·9.7 
Belgium 179.3 272.7 193.7 0.6 0.6 0.6 S2.l ·29.0 
Croatia 7S.O 0.2 
Denmark 76.I 7S.4 67.2 0.7. 0.2 0.2 ·I.I ·10.9 
Finland 3S.3 S2.4 49.4 0.1 0.1 0.1 41.4 ·S.7 
Fnacc 766.1 l 021.4 926.2 2.4 2.4 2.7 33.3 ·9.3 
Gcn11any 6 402.6 I 84i.9 7 IS2.0 19.7 20.S 22.S 31.1 ·11.2 
Italy 2 23S.2 3 470.l 3 OS6.4 6.9 1.0 I.I SS.2 ·11.9 
Nctllerlaads 47.3 112.3 99.9 0.1 0.3 0.3 137.4 ·ll.0 
Portugal 11.7 31.6 29.1 0.1 cu 0.1 69.0 ·7.9 
Spain S7S.O 7S0.6 630.S 1.1 1.7 1.1 30.S ·16.0 
Sweden 2S7.7 3S2.4 329.S 0.1 0.1 0.9 36.7 ·6.S 
Switzcrlaad 1 6S2.4 2 011.9 l 69S.O .S.1 4.7 4.9 21.1 ·15.8 
United Kingdom I OSl.4 l 293.6 1 049.3 3.3 3.0 3.0 22.2 ·18.9 
YugoslaviaJI Sl.S.O 367.0 IS0.9 1.6 0.8 0.4 ·21.7 

Eastern Europe 
and former USSR 6 240.0 4 776.0 I 9S6.3 19.2 11.l .S.6 ·23 . .S ·S9.0 
Czeclloslonkia 40S.O 130.I 91.4 1.2 0.3 0.3 ·67.7 ·30.1 
German Democratic 

Republic 1 312.0 
Hungary llO.O 40.6 9.0 0.6 0.1 ·80.7 -n.8 
Pola11d 322.7 92.6 S0.9 1.0 0.2 0.1 ·71.3 ·4S O 
Former USSR 3 976.3 12.2 

Russian Federation 3 200.0 l oso.o 7.4 3.0 ·67.2 
Ukraine l 280.0 740.0 3.0 2.1 ·42.2 

Norch America 2 829.1 3 S88.2 3 477.7 8.7 8.3 10.0 26.8 ·3.1 
Canada 244.l 322.2 290.7 0.7 0.7 0.8 32.0 -9.8 
United States 2 S8S.o 3 266.0 3 187.0 7.9 7.6 9.1 26.3 ·2.4 

Japan 6 419.4 11 638.7 8 671.3 19.7 27.0 24.9 81.3 ·2S.S 

Other 1613 176.6 170.S o.s 0.4 o.s 9.S ·3.S 
Australia 4S.O 14.0 17.0 0.1 ·68.9 21.4 
South Africa 12.3 27.6 28.S 0.1 0.1 124.4 3.3 

8. !Nvdoping «onomia 

Asia 2 246.S 3 600.6 3 681.7 6.9 8.3 10.6 60.3 2.3 
China 821.7 l 44S.S l 738.6 2.S 3.3 s.o 7S.9 20.3 
Hong Kong 1.4 28.3 34.l 0.1 0.1 1 921.4 20.S 
India 277 7 221.6 197.6 0.9 o.s 0.6 ·20.2 ·10.8 
Republic ol Korea 530.9 798.4 600.0 1.6 1.8 1.7 S0.4 ·24.8 
Singapore 3S.0 89.6 100.7 0.1 0.2 0.3 IS6.0 12.4 
T::iwan Province S77.8 992 2 983.7 1.8 2.3 2.8 71.7 ·0.9 

Lacin America 631.7 404.4 369.6 1.9 0.9 1.1 ·36.0 ·8.6 
Argencina 34.8 30.4 36.I 0.1 0.1 0.1 ·12.6 21.1 
Br11il S7S.S 3SO.O 305.8 1.8 0.8 0.9 ·39.2 ·12.6 
Mexico 21.4 24.0 27.0 0.1 0.1 0.1 12.1 12.S 

Total 32 S49.8 43 178.3 34 837.4 100.0 100.0 100.0 32.7 ·19.J 

SOUTC~: AmmcOll Machinist, vol. 137, No. 3 (March 1993), pp. 34·JS, and vol. 133, No. 2 (February 1989), p. 61, wilh 
a~us1mcn11 based on trade d•la ol OF.CD coun1rie1 for regional and worl:S 10111& for counlriCI nol reported. 

Data for 1987 1nd 1991 relate 10 the territory ol Yugoslavia 11 ii nilled in 1987 .;::d 1991; d11a for 1992 arc 
!hole ol lhe feder1I Republic ol Yugotlavia H constituted in 1992. 
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reix;rt.:d by OECD counlries. Japa~. lhe largol pmJuc
ing counuy. h;id the hugesl pmJuclion decline bel\."ttn 
1991 and 1992. some SJ billion. Th;il wa.'> JC per cent in 
yen tenns. bul the slronger yen redul.-ai it to 25.5 per 
cent in dollar tenns. ~\·en so. Japan proliuced ;iboul one 
fourth of the world"s m;ichine lools in 1992. Gem1any. 
the second most importanl producer. had a decline in 
pmduclion of SI billion. 17 per cenl when ~a'iured in 
deutsche mark. bul only 11.2 per cenl in dollar lenns. 
This decline left Germany \!lo ilh 22.5 per cenl of world 
pmJoction. The Uniled Slalcs holds third place. with a 
decline of about 2.4 per cenl, while Italy dropped to 
fourth place wilh a decline of 11.9 per cent. The princi
pal exceplion lo lhe general decline was China. where 
production increa~ by $293 million. a 24 per l.~nt in
crea..e when me<?sured in lhe inlemai currency used by 
China. Th:il becomes 20.2 per cent wher. converted al the 
official rale for lhe yuan renminbi. This made China the 
fifth largest producing country. Two independenl Slates 
of the forme:- USSR had a combined level of production 
that would have slightly exceeded lhat of China, but 
separately the Russian Feder.ition was seventh and 
Ukraine was eleventh. Each had dra'itic declines in pro
duction. as did all cour;tries of Eastern Europe. 

France. Spain. Swc..-den. Switzerland and United King
dom were the other Europe;in counlries among lhe 15 
largest producers. In Asia. Taiwan Province was ninth 
and the Republic of Korea lhirteenlh. A Lalin American 
country. Brazil, is lhe la'il lhal falls inlo lhis group. 

(h) Comumpti011 

Consumplion is mea:o.ured as lhe value of produclion 
reduced by lhe value of exports and increa.'iCd by lhe 
value of imports. The le"·el of production is a measure of 
the state of the machine tool industry in a counlry. while 
the level of consumplion is a measure of lhe rale of 
developmenl of lhe durable goods and melalworking 
industries lhal use machine lools as a crilical part of lheir 
manufacturing operalions. Consumption declined even 
more in Japan lhan did production, falling by 36 per cent 
when measured in yen, or 31.R per cent in dollar~. as the 
industry sought lo increase exports. Table IV.96 shows 
consumption for the principal producing countries and 
areas in each region. and includes estimates for con
sumption by other countries in the regional totals. Such 
estimates can be made on the basis of detailed export 
data provided hy many producing countries. The top five 
producing countries were also the top five consuming 
countries, and in the same order. Germany, Italy. Japan 
and United States all saw production declines, hut con
sumption fell even faster, causing them to increase their 
export effort~. China was an exception, with consump
tion not only increasing. hut al a faster rate than did 
production, a 27.1 per cent increase compared with 20.3 
per cent for production. 

Another measure of consumption is provided in 1;1hle 
IV.97, which divides total consumption hy population lo 
give lhe consumption per capita in each country and 
area. On this hasis the range is from $ ICX) 49 per capita 
for Singapore In $0.29 per capita in India. Developed 
coumries such as Austria, Germany. Italy, Japan and 
Swi11erland possess high consumption ratios, while the 
l fniled Kingdom and the United Stales have lower ones. 
The relative site or per ~·apila consumption in the 12 
major countries and areas is given in figure IV .35. 
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Rgure IV .35. Countries and areas with highest 
per capita consumption of machine tools, 1992 
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Among developing countries and areas, with the excep
tion of Singapore, Taiwan Province and Republic of 
Korea arc the leaders. Despite impressive investment, 
China has extremely low per capita consumplio:l, and. a-; 
the ratio in table IV.97 suggests, the country needs 
greater industrialization to achieve a higher standard or 
li\;ing. 

(c) /ntanationcd trade 

There is extensive international trade in machine tools. 
not only to consuming countries which do not pnxtuce 
hut also between the major pnxtucing countries. Table 
IV.9H reports the imports, exports and trade balance for 
the major producing coun1ries. In lhc table, regional and 
world lolals are only for the countries listed; thus exports 
exceed imports hy nearly $2.R billion or shipments lo 
other countries. Again, the totals do not include the es-
1imated production of unlisted countries (about $225 
million). 

Germany dominates exports with nearly 27.R per cent 
of the total, followed by Japan with 21 per cent. These 
two countries, with nearly half the lotal, are followed hy 
Switzerland, Italy, and the United States. Germany is 
also a maj,1r importer, with nearly 13.7 per cent of the 
total. foliowed hy the United Stales with 12.J per cent, 
France with R.6 per cent, China with 5.7 per cent, Italy 
with 5.1 per cent and lhe United Kingdom with 5 per 
cent. Considering the level or its consumption. Japan is 
a small importer. Though its import share has increased 
from 2.1 to 4.1 per cent in the pa'>t 'ive years, it still 
practises some forms of import restrii:lion. 

A broader picture of machine-tool trade is pr1ivided in 
lahle IV.99, which summari1es trade in metalworking 
machinery between 17 <>ECO counlrie'i and !'iome 79 
other countries and areas. Metalworking machinrry is a 
broader category than machine lool!'i, and includes 111ol!'i, 
dic'i, jigs, fiitlures. accessories and measuring machinery. 
The table r.how" the development of hrael and Ireland 
and the emergence or Turkey and Thailand as producing 
countries. Although the import levels of drveloping 
countries are still 'imall, the table docs show the impres· 
sive growth or imports in most of those countries from 
I IJR6 In 1991 . 



Table IV.96. World ..mime-tool COMllaptioa, 1917, 1991aad1992 

Consumption 
Economic grouping. World share Percentage change 
region. roun1ry 1987 1991 1992 

or area (million dollars) 1987 1991 1992 1987-1991 1991·1992 

A. Dn-dopnl «mromin 

Western Europe 11 203.2 lS 91:!.3 13 525.9 34.9 37.2 39.4 42.0 -lS.0 
Austria 1S9.0 338.6 333.S o.s 0.8 1.0 113.0 -1.S 
Belgium 206.~ 347.0 2S6.9 0.6 0.8 0.7 68.4 ·26.0 
Croatia S6.0 0.2 
Denmark 133.8 113.6 101.2 0.4 0.3 0.3 ·lS.l -10.9 
Finland 120.9 9S.7 62.8 0.4 0.2 0.2 -20.8 -34.4 
France 1 219.9 I 924.S 1 S83.7 3.8 4.S 4.6 S7.8 -17.7 
Germany 4 001.4 6 046.6 s 033.7 12.S 14.1 14.7 Sl.I ·16.8 
Italy 1 753.0 2 718.0 2 384.7 s.s 6.3 6.9 ss.o ·12.3 
Netherlands 229.0 266.3 299.0 0.7 0.6 0.9 16.3 12.3 
Portugal 42.3 137.4 12S.9 0.1 0.3 0.4 224.8 -8.4 
Spain 606.9 803.4 7Sl.7 1.9 1.9 2.2 32.4 -6.4 
Sweden 377.3 362.3 290.0 1.2 0.8 0.8 -4.0 -20.0 
Switzerland S76.7 704.3 S6S.1 1.8 1.6 1.6 22.1 -19.7 
United Kingdom I 087.1 1 364.6 1 141.2 3.4 3.2 3.3 2S.5 -16.4 
Yugoslavi'.'.11 3S6.6 220.0 124.9 1.1 o.s 0.4 ·38.3 

Eastern Europe 
and former USSR 7 214.2 5 212.6 2 381.8 22.S 12.2 6.9 -27.7 -S4.3 
Czcc::ioslovalr.ia 160.0 173.5 72.8 o.s 0.4 0.2 8.4 -S8.0 
German Dcmocra1ic 

Republic 308.S 1.0 
Hungary 164.0 2S.8 6.1 o.s 0.1 -84.3 -76.4 
Poland 428.S 263.3 127.9 1.3 0.6. 0.4 -38.6 -Sl.4 
Former USSR s 303.2 IS.5 

Russian Fcdera1ion 2 900.0 I 080.0 6.8 3.1 -62.8 
Ukraine 1 320.0 780.0 3.1 2.2 -40.9 

Norlh America 4 675.6 4 903.7 4 454.2 14.6 11.S 13.0 4.9 -9.2 
Canada 708.4 563.6 S76.7 2.2 1.3 1.7 -20.4 2.3 
Uniled S1a1es 3 967.2 4 340.1 3 877.S 12.3 10.1 11.3 9.4 -10.7 

Japan 3 649.l 8 327.3 5 678.2 11.4 19.4 16.5 128.2 -31.8 

Other 411.0 714.8 312.4 1.3 1.7 0.9 73.9 -S6.3 
Auscralia 177.3 82.0 101.0 0.6 0.2 0.3 ·53.8 23.2 
Soulh Africa 73.7 454.8 48.4 0.2 1.1 0.1 S17.l -89.4 

8. !Nvrloping «Onamia 

Asia 3 34S.7 s 920.2 6 264.S 10.4 13.8 18.2 76.9 5.8 
China 1 033.5 1 819.8 2 313.6 3.2 4.3 6.7 76.1 27.1 
Hong Kong 70.4 33.8 41.3 0.2 0.1 0.1 -52.0 22.2 
India 389.6 311.8 260.2 1.2 0.7 0.8 -20.0 -16.5 
Republic of Korea 919.5 I 643.9 I 492.S 3.0 3.8 4.3 67.8 -9.2 
Singapore 95.0 266.6 281.4 0.3 0.6 0.8 180.6 S.6 
Taiwan Province 412.7 646.3 759.8 1.3 1.5 2.2 56.6 17.6 

Wcs1ern A•ia 3S0.0 450.0 400.0 1.1 1.1 1.2 21l.6 -11.1 

La1in America I 276.0 I 377.4 I 320.4 4.0 3.2 3.8 7.~' -u 
Argenlina 57.1 Ill.I 106.6 0.2 0.3 0.3 98.1 ·S.7 
Brazil 601.S 320.3 200.8 1.9 0.7 0.6 ·46.7 ·37.3 
Mexico 267.4 32-1.0 513.0 0.8 0.8 l.S 21.2 58.3 

Tola I 32 124.8 42 818.3 34 337.4 100.0 100.u 100.0 33.3 ·19.8 

Sourc:C':Am~an Machinist. vol. 137, No. 3 (March 1993), pp. 34·35, and vol. 133, No. 2 (February 1989), p. 61, willi 
a~u11mcn11 ba1ed on lradc d11a of OECD coun1ric1 for rcgion1I 1nd world 101al1 for countries nol rcpor1cd. 

0111 for 1987 and 1991 rclalc 10 lhc 1erri1ory of Yugosl1vi1 H ii exi11ed in 1987 11nd 1991; daia for 1992 are 
lhOIC of Ilic Fcdcr1I Republic of Yugoslavia H con11i1u1cd in 1992. 
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Table IV.97. Pu capita mmaaptioa al aadliK look 
a ~tcd eot1•tra aad araa_ 1992 

Counuy ConHmjj)liOn Population Per capita 
or area (million dollars) (thousands) 

Singapore 281.4 2800 
Sw1ucrland 565.1 6900 
Germany s (133.7 10600 
Japan s 678.2 124 400 
Auslria 333.S 7900 
llaly 2 384.7 .58000 
Taiwan Province 7.59.8 20 800 
Republic ol Korea 1492.S 44 300 
Sweden 290.0 8 700 
France l .583.7 56900 
Belgium 256.9 10 000 
Canada .576.7 27 400 
United Kingdom l 141.2 51800 
Netherlands 299.0 IS 200 
Spain 7.51.7 J8 600 
Denmark 101.2 s 200 
Uioited States J 877.4 2.5.5 600 
Ukraine 780.0 .52 100 
I' inland 62.8 s 000 
Yugoslavia 124.9 10000 
Croatia 56.0 4 600 
Portugal 12.5.9 10 soo 
Hong Kong 41.l s 700 
Mex in> Sll.O 87 700 
Australia 101.0 17 800 
<:zcchoslovakia 72.8 IS 700 
Russian federation I 080.0 274S72 
Po'and 127.9 38400 
Arg:ntina 106.6 33 100 
Ch.na 2 3ll.6 I 16S 800 
Brazil 200.8 ISO 800 
South Africa 48.4 41 700 
lh•ngary 6.1 10 300 
India 260.2 88:? 600 

Total 31 428.6 3 6?7 472 

Sourer. Amnicon Machinist, vol. 137, No. J (March 1993). 
II Avuagc. 

(dollars) 

100.49 
81.99 
62.4.5 
4.5.64 
42.21 
41.11 
36 . .53 
33.69 
JJ.33 
27.BJ 
2.5.69 
21.0S 
19.74 
19.67 
19.47 
19.46 
1.5.17 
14.97 
12 . .56 
12.49 
12.17 
ll.99 
1.25 
s.85 
S.61 
4.64 
J.93 
J.33 
3.22 
l.98 
l.J3 
1.16 
0.59 
0.29 

1.661' 

(d) Major companies in the global industry 

Most machine-tool producers arc relatively small, of
ten privately owned companies. A few large firms have 
had suc.ccss with machine-tool subdivisions, not.ably 
Thysscn in Germany, and Mitsubishi Heavy Industries, 
Toyota and Komatsu in Japan. However, there arc very 
few ca~s where large diversified companies have been 
succcr.sful when they acquired machine-tool operations. 
The 25 companies listed in table IV.100 each had ma
chine tool sales of more than $300 million in 1991. Of 
these 16 arc Japanese, six arc German, and three arc 
based in the United States, Most of these companies arc 
international in manufacturing as well as in distribution. 
One half of the Japane!IC companies have plants in the 
United States, and scmc have plants in Europe. All the 
United States companies have planls in Europe, and one 
half of the German companies have plants in the United 
St.ates. 

There were large Slate-owned companies in Eastern 
Europe. but comparable data are lacking. Now that their 
.>perations arc being rationalized and privati1.cd, they arc 
shrinking lo much smaller si1.cs. or the three top compa
nies listed in table IV.100. each had sales of more than 
$1 billion in 1991. Of the three. Yamaz.aki Mazak, listed 
third. was actually the largest producer of machine tools. 
Amada produces i;omc machines, but is primarily a mar-

278 

kcting company selling machine tools produced by 
others. Many of lhcsc arc made by Amada Wasioo and 
Amadasonoikc, partially owned by Amada. Fanuc is the 
major world producer of numerical L-ontrol systems. al
though it also produces machine tools. robots and plas
tics machinery. MOJC than half the sales cf Ingersoll 
Milling arc by three companies that it owns in Germany. 
Giddings & Lewis acquired Cross & Tm:kcr late in 
1991; if they had been combined for the entire year. sales 
would have been about $600-million (71) . 

2. Mona/aclluillg capacity of lk-nloping countries 

""" areas 

(a) China 

Chinese manufacturing capacity began expanding in 
the early 1980s. reaching a peak of $1.1 billion in 1989. 
Production fell back by almost a third in 1990, ao; eco
nomic reforms faltered. It has since resumed, and output 
increased in 1991 and again in 1992, when it reached 
$1.7 billion. However, production figures arc reported in 
yuan renminbi, an internal currency. which cannot be 
accurately converted into dollars. Export and import 
data arc reported in dollars. Exports, which peaked in 
1990. have declined each year since, but imports after 
several flat years arc said to have increased by 43 per 
cent in the past two years. It is difficult to match these 
gains with the trade data reported by other countries. The 
data in table IV.99 indicate a substantial drop in imports 
from 1986 to 1991. However, the vrery real rise in re
exports from Hong Kong. for example, which is also not 
reflected in that table, suggests that a large share of 
China's imports arc coming indirectly through third 
countries (72). 

(b) Taiwan Province 

With a machine-tool production capacity now close to 
$1 billion a year, Taiwan Province had its first drop in 
production in many years in 1992. Exports to both the 
United St.ates and Europe were down, and though focus
ing on the market in China, this did not fully make up the 
difference. Although trade is prohibited with China, it 
takes place openly through other third countries. Several 
comp~!lics arc producing computer numerically control
led (CNC) lathes and machining centres on a com-nodity 
ba'lis using Japane!IC controls. There has been vc1y little 
demand for the more advanced types of equipment in 
Taiwan Province, though this !ieerncd to change in 1991 
with a 27 per cent increa~ in imports despite the decline 
in domestic production. The industry in Taiwan Province 
is macic up of a large number of small companies. The 
largest firm registered sales in 1990 of $60 million (73). 

(c) R~public of Kor~a 

Capacity peaked in 1991 when production reached 
almost $800 million. In 1992. production fell by 25 per 
cent as the recession dampened the domestic market, and 
exports did not make up the difference. Although the 
capacity is le:o:!i than that in Taiwan Province the st.ate of 
manufacturing is viewed ai; more ddvanccd. Industry in 
the Republic of Korea has been a heavy investor in im
ported machine tools, and the volume increa.~ in 1992, 
despite the recession, to account for more than 60 per 



(d) Brar.ii cent or consumption. "There ;t!'C rewer and larger compa
nies in the Republic or Korea than in most countries or 
the Pacific rim. "The largest is Sacilo, formerly known as 
Tong-II. which had sales or about $450 million in 1990. 
A~r large company is Kia Ma.chine Tool, with sales 
of $405 million in 1990, which builds presses and speci.al 
machines for Jlc automotive industry, much or which 
goes into their own vehicle parts plants (74), (75]. 

Brazil has proCcctcd its machine-tool indllStry by im
port restrictions. Under protection, capacity expanded 
rapidly and reached a pc:ak of $575 million in 1987. 
Contributing to the expansion were a number of plants 
built by Gcnnan and Italian firms. Imports wen: gener
ally around $40 million. but exports wt.re even less. The 

Table IV.91. Madame tool iaporta. ezporta. amid trade baluce for ldecled pmdllCiac-triE:s ud a-. 1911 ud 1992 
(Million dollars) 

Econo>mic croupin&. 
rcg10n_ counlry 

or area 

Western Europe 
Austra. 
Bcl&ium 
Croatia 
Denmark 
Finland 
Fnncc 
Germany ..... ,. 
Netherlands 
Portu&al 
Spain 
Swcllcn 
Switzerland 
United Kingdom 
y usoslaviall 

Eastern Europe 
and fonner USSR 
Czechoslovakia 
German Democratic 

Republic 
Hun&UJ 
Poland 
Former USSR 

Russian Federation 
t:kraine 

North America 
Canada 
United S1a1u 

Japan 

Other 
Au11ralia 
South Africa 

l.a1in America 
Ar1enlina 
Braz II 
Mnico 

Asia 
China 
tlon1 Kong 
India 
Republic ol Korn 
S1n11pore 
Taiwan Province 

Total 

1987 

Imports Exporu Balance 
( millicft dollars) 

S ?7S.I 8 379.9 3 104.8 
173.7 169.7 -4.0 
3? I.I ?94.3 -26.8 

llS.S 
114.9 
738.1 

I 2S3.S 
S66.3 
361.2 

33.0 
2S0.7 
31!.3 
360.t 
S29.7 
14S.O 

?2St.S 
8S.o 

198.9 
1?4.S 
203.9 

I 639.2 

2 496.9 
S28.0 

I 968.9 

SU 
29.3 

284.3 
3 6S4.7 
I 0411.S 

179.S 
9.4 

211.8 
192.7 

I 43S.8 
SOl.O 
303.4 

-S7.0 
-IS.6 

-4S3.8 
2 401.2 

4112.2 
-181.7 
-23.6 
-31.9 

-119.6 
I 07S.7 

-21.7 
IS8.4 

2113.3 -138.2 
330.0 24S.O 

I 202.4 I 003.S 
170.S 46.0 
98.1 ·IOS.8 

312.3 -1326.9 

6S0.4 ·I 846.S 
63.7 -464.3 

S86. 7 -1382.2 

264.8 3 03S.I : 770.3 

201.l 
137.2 
63.9 

336.0 
38.3 
49.0 

148.7 

I S61.S 
494.0 

7S.O 
146.6 
486.I 
14S.O 
214.8 

7.4 ·193.7 
4.9 • 132.3 
2.S -61.4 

41.7 ·294.3 
16.0 ·22.3 
23.0 ·26.0 
2.7 ·146.0 

636.I 
93.0 

6.0 
34.7 
37.S 
8.S.O 

379.9 

·92S.4 
·401.0 
·69.0 

·II 1.9 
-448.6 
-60.0 
16S.I 

1992 

lmporls Exports BalHcc 
(million dollars) 

7 010.1 10 349.3 3 339.2 
408.S 321.2 -17.3 
434.2 3·, 1.0 -63.2 

6.0 2S.O 19.0 
122.1 
Sl.4 

I 176.6 
1181.0 

702.6 
369.1 
113.S 
449.7 
266.6 
324.S 
611.9 

21.0 

2S0.3 
43.0 

4.3 
lOS.O 

so.o 
48.0 

18.I 
38.0 

Sl9.Cl 
4 699.3 
1 374.3 

170.7 
16.7 

328.4 
306.1 

I 4S3.8 
S90.0 

47.0 

l.!4.7 
61.S 

7.2 
21.0 

·34.0 
-13.4 

-6S7.6 
2111.3 

671.7 
-199.1 

-96.1 
-121.3 

39.S 
I 129.3 

-91.9 
26.0 

·12S.6 
18.S 

2.9 
-n.o 

20.0 -30.0 
8.0 -40.0 

2 186.6 I 210.1 -976.S 
·286.0 
·690.S 

491.6 20S.6 
I 69S.O I 004.S 

S60.7 3 S ·1.1 2 993.1 

124.I 
90.0 
34.I 

660.3 
7S.O 
85.3 

soo.o 

2 939.9 
780.0 
314.4 

7S.3 
994.0 
3Sl.9 
422.3 

20.2 -103.9 
6.0 ·84.0 

14.2 • 19.9 

209.S 
S.2 

19C.3 
14.0 

·4S0.8 
·69.8 
IOS.O 

·486.0 

I 446.0 ·I 493.9 
20S.O ·S7S.O 
307.2 ·7.2 

12.7 ·6Z.6 
101.S ·892.S 
173.3 • 180.6 
646.3 nu 

12 386.9 14 863.9 2 477.0 13 732.0 16 913.6 3 111.6 

Pcrccn1asc sbarc 

Imports 

1987 1992 

42.6 Sl.O 
1.4 3.0 
2.6 3.2 

0.9 0.9 
0.9 0.4 
6.0 1.6 

10.1 13.7 
4.6 S.I 
2.9 2.7 
0.3 0.1 
2.0 3.3 
2.S 1.9 
2.9 2.4 
4.3 s.o 
1.2 0.2 

18.2 
0.7 

1.6 
1.0 
1.6 

13.2 

20.2 
4.3 

IS.9 

2.1 

u 
0.3 

0.1 

0.4 
0.3 

IS.9 
3.6 

12.3 

4.1 

1.6 0.9 
I.I 0.7 
o.s 0.2 

2.7 
0.3 
0.4 
1.2 

12.6 
4.0 
0.6 
1.2 
3.9 
1.2 
1.7 

4.8 
o.s 
0.6 
3.6 

21.4 
S.7 
2.3 
o.s 
1.: 
2.6 
3.1 

Expor1s 

1917 1992 

S6.4 61.2 
l.l 1.9 
2.0 2.2 

0.1 
0.4 o.s 
0.2 0.2 
1.9 3.1 

246 27.I 
7.1 8.1 
1.2 1.0 
0.1 0.1 
i.s 1.9 
1.3 1.8 
9.7 8.6 
3.4 3.S 
2.0 0.3 

14.2 
2.2 

I.I 
1-1 
0.7 
2.1 

4.4 
0.4 
3.9 

0.7 
0.4 

0.2 

0.1 

7.2 
1.2 
S.9 

20.4 21.0 

0.) 
0.1 
u.2 

4.) 
0.6 

0.2 
0.3 
0.6 
2.6 

0.1 

0.1 

1.2 

I. I 
0.1 

8.S 
1.2 
1.8 
0.1 
0.6 
1.0 
3.8 

100.0 100.0 100.0 100.0 

Pettc111asc cbansc 

Imports Esports 

1987-1992 

32.9 
llS.2 
3S.2 

6.3 
-SS.3 
S9.4 
SO.I 
24.1 

2.4 
243.9 
79.4 

-14.6 
-9.9 
28.7 

-11.9 
-49.4 

-96.S 
·48.S 

·12.4 
-6.9 

·13.9 

111.7 

·38.3 
·34.4 
·46.6 

96.S 
95.1 
74.1 

236.2 

11.3 
S7.9 

319.2 
·48.6 
ICM.S 
144.1 
96.6 

!0.9 

23.S 
a9.) 
26.1 

SI.I 
29.7 
82.6 
21.6 
ll.I 
·4.9 
77.7 
SO.I 
s8.8 

1.3 
17.1 

·94.1 
·11.4 

-9S.8 
·71.S 

86.1 
222.8 

71.2 

17.1 

173.0 
22.4 

468.0 

402.4 
·67.S 
727.4 
418.S 

127.3 
120.C 

s 020.0 
·63.4 
170.7 
103.9 
70.1 

13.I 

SOt1ru; Amnicon Machinist, vol. 33. No. 2 (Pebru1ry 1989), p. 61, ind vol. 137, No.3 (Merch 1993), p. 34. 
II Data ror 1917 and 1991 relate 10 the territory ol Yueoslavia H ii esi11cd ill 1987 and 1991; da1a ror 1992 ere 1h01C of the Pcdcral Republic 

o{ Yupl1via H cona111u1cd in 1992. 
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TUle IV.9t. Tot81 tnlk ia meta1worki11a mKlliaery ol selemd nalries nd areas wit• 17 OECD eo1111tries, 1916 ud t"l 
(Million dollars) 

Pcrrcn111c share Pcrttn111e cbanse 
1986 1991 

Imports E1por11 Imports E1port1 
Eronom1c croupin&. Imports Exports Imports E1ports 
tt&ion, country or Uel (million dollars) (million dollan) 1986 1991 1986 1991 1986· 1991 

A. DftTlopN ttonomin 

Wcsiern Europe 
Ausiriall 3S8.9 S83.3 187.8 490.7 2.1 1.7 2.2 2.6 ·47.7 ·IS.9 
ncr,ium and l.uacmbour& SOS.7 I OS9.4 2S6.8 466.3 3.0 ?.3 4.0 2.S ·49.2 ·S6.6 
Denmark 178.2 204.2 74.4 141.6 I.I 0.7 0.1 0.8 ·SI.? ·30.7 
l'lnlandll 127.2 136.2 3S.6 8S.2 0.1 0.3 o.s o.s ·72.0 ·37.4 
Francelf 9S4.3 2 034.7 384.4 863.0 S.7 3.S 7.7 4.6 ·S9.7 ·S7.6 
C.ermanyll I 607.2 3 266.6 2 847.6 4 86S.O 9.6 26.0 12.4 26.1 77.2 48.9 
Greece 39.8 84.9 1.S 7.9 0.2 0.3 ·96.2 ·90.7 
Iceland 3.7 4.0 0.2 0.2 ·94.6 ·9S.O 
Ireland!/ ss.o IOS.9 2S.8 42.2 0.3 0.2 0.4 0.2 ·Sl.1 ·60.2 
halyll S?l.7 I 182.6 9J7.9 I 80S.9 J.1 8.6 4.S 9.7 79.1 S2.7 
Netherland~ 406.4 642.9 212.0 398.4 2.4 1.9 2.4 2.1 ·47.1 ·31.0 
Norwayll 117.6 103.3 14.3 27.2 0.7 0.1 0.4 0.1 ·87.8 ·73.7 
Por111111 49.9 168.1 10.I 21.S 0.3 0.1 0.6 0.1 ·79.1 ·17.l 
Spainll 18S.6 71S.l 169.7 346.7 I.I 1.6 2.7 1.9 ·8.6 ·SU 
Swede nil 364.S 4lS.S 2£1.S 390.2 2.2 2.4 1.6 2.1 ·28.3 ·10.4 
Swit•erlandll S00.3 713.0 I 244.4 l 9S6.S 3.0 11.4 2.7 10.S 148.7 174.4 
United Kinsdomll 790.4 l 293.7 489.0 949.S 4.7 4.S 4.9 S.l ·31.1 ·26.6 
Y111oslavia 193.S 124.S 24.4 97.7 1.2 0.2 o.s o.s ·87.4 ·21.S 

Eastern Europe and former USSR 
Rul1aria 18S.9 79.9 7.1 16.9 I.I 0.1 0.3 0.1 ·96.2 ·78.1 
C:•echoslovakia 131.6 190.S S4.I 117.3 0.8 o.s 0.7 0.7 ·S8.9 ·27.9 
German Dcmocr:'.ic 

Hepublic 66.1 47.7 0.4 0.4 ·28.8 
llunsary S7.7 148.4 17.1 S8.4 0.3 0.2 0.6 0.3 ·69.2 ·60.6 
Poland 99.IJ 182.3 2S.2 S?.8 0.6 0.2 0.7 0.3 ·74.1 ·71.0 
ltomania 19.3 30.9 6.S 18.4 0.1 0.1 0.1 0.1 ·66.3 ·40.S 
Former USSll 775.9 l 306.8 36.S S6.S 4.6 0.3 4.9 0.3 ·9S.3 ·9S.7 

Nortfl America 
Canada 712.7 692.9 23S.3 211.1 4.2 2.6 2.2 l.S ·67.0 ·59.9 
United StatesV 2 878.0 2 161.9 sou I 104.1 17.l 4.6 10.1 S.9 ·12.6 ·61.4 

Japanll 387.1 46S.4 2 419.S 3 030.9 2.3 22.I I.I 16.3 S2S.O SSl.2 

Other 
Ausrra:ia 272.4 217.S 7.9 21.6 1.6 0.1 0.1 0.1 ·97.1 ·90.1 
hracl 88.0 106.S ZS.I 3S.3 o.s 0.2 o ... 0.2 ·71.S ·66.9 
New 7.calandll 46.0 16.7 2.S 4.1 0.3 0.1 ·9U ·7S.4 
Soulh Africa 82.3 JS9.3 s.s 8.2 o.s 0.1 0.6 ·93.3 ·94.9 

8. Da·d"pinl ~conomus 

Africa 
Alceria 112.8 121.1 0.2 0.4 0.7 o.s ·99.1 ·99.7 
Cameroon 4.2 3.2 0.1 ·97.6 ·100.0 
E&~Pt 66.2 82.9 1.2 0.'4 0.4 0.3 ·91.2 ·99.5 
Gabon 3.3 2.2 ·100.0 ·100.0 
Gh· 1t1 4.2 IS.S 0.4 0.1 • 100.0 ·97.4 
Liberia 1.0 0.2 ·100.0 
Liby.n Arab Jamahiriya 4'4.9 0.3 0.1 0.3 0.2 ·100.0 ·99.1 
C61 e d'Ivoire ~-1 2.9 0.2 0.1 ·9S.1 96.6 
Morocco 18.6 28.0 0.1 0.1 0.1 0.1 ·99.S ·99.6 
Nif,cria S8.S 18.S 0.7 0.3 0.1 ·100.0 ·96.2 
Tuni1ia 22.1 27.9 0.1 0.1 0.1 0.1 ·99.6 ·97.l 
Zaire S.6 6.4 • 100.0 •100.0 

Afil 
Dcvclopina mukcl economic& 

Rrunci Daru111lam 0.6 1.4 100.0 • 100.0 
Ilona Kona 87.S 148.1 6.1 9.6 o.s 0.6 0.1 0.1 ·93.0 ·93.5 
India 2S2.0 28S.6 7.2 11.8 1.s 1.1 0.1 0.1 ·97.1 ·95.9 
lndonctia 72.2 2S9.I 0.2 0.1 0.4 1.0 ·99.7 • 100.0 
Malaysia 33.6 269.1 0.4 2.7 0.2 1.0 ·91.1 ·99.0 
New Ouinu 1.3 0.9 ·100.0 ·100.0 
Pak ill an 37.0 '44.6 0.2 0.2 ·100.0 ·100.0 
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Pcrccnt•sc llluc Pcrccnt11c cllansc 
1986 1991 

Economic sroupins. Imports Exports Imports Ea ports 

resion. country Imports Exports Imports Ea ports ----
or area (million dollus) (million doll•") 1986 1991 1986 1991 1986· 1991 

Asia (rnn1inucd) 
Dcvclopins m1rkct economics 

Phillipincs 31.l 65.S 0.2 3.3 0.2 0.2 ·99.4 ·95.0 
Republic ol Kore• 684 4 l S80.8 33.6 104.4 4.1 0.3 6.0 0.6 ·9S.l ·93.4 
Sinsaporc 108.S 329.0 26.S 57.S 0.6 0.l 1.2 0.3 ·75.6 ·82.S 
Taiwan Province 248.6 Sl0.8 230.l 407.3 l.S 2.1 2.0 2.2 ·7.4 ·23.3 
Thliland 43.3 461.0 O.S 29.6 0.3 1.7 0.2 ·98.8 ·93.6 

Centrally planned economics 
China 1002.0 632.l 17.6 llS.1 6.0 0.2 2.4 0.6 ·98.2 ·81.7 

Western Asia 
Abu Dhabi S.2 1.4 ·100.0 ·100.0 
Iran (Islamic Republic ol) 127.l 4S7.0 0.6 0.3 0.8 1.7 ·99.S ·99.9 
Iraq 2S.8 o.s 0.2 ·98.l 
Kuwan 9.3 12.9 0.1 0.1 ·100.0 ·99.2 
Oman 7.6 S.3 0.1 ·100.0 ·98.1 
Qatar 2.1 1.9 ·100.0 ·100.0 
Saudi Arabia S6.3 89.9 0.7 0.6 0.3 0.3 ·98.8 ·99.3 
Syrian Arab Republic 6.S 6.7 0.7 • 100.0 ·89.6 
Turkcylf 121.6 278.2 l.S 20.7 0.7 1.1 0.1 ·98.8 ·92.6 
United Arab Emirates 7.9 29.9 0.3 0.6 0.1 ·96.2 ·98.0 

Latin America 
Arcentina 40.3 101.9 1.2 2.4 0.2 0.4 ·97.0 ·97.6 
Bahamas 0.4 1.1 ·100.0 ·100.0 
Brazil 137.l 266.9 29.8 71.8 0.8 1.3 0.1 0.4 ·78.3 ·73.l 
Chile 18.4 SS.I 0.1 0.2 ·100.0 ·99.6 
Columbia 21.3 27.4 0.1 0.1 0.1 100.0 ·99.6 
Ecuador 11.s 12.8 0.1 ·100.0 ·100.0 
Guatemala 2.2 6.3 • 100.0 100.0 
Mexico 372.6 S70.7 s.o 8.3 2.2 2.2 ·98.7 ·98.S 
Netherlands Antilles 0.6 2.6 0.2 ·100.0 ·92.3 
Peru 8.6 13.6 0.1 0.1 ·100.0 ·100.0 
Trinidad and Tobaso S.3 6.4 • 100.0 ·100.0 
Venezuela 101.2 177.S 0.1 0.6 0.7 ·100.0 ·99.9 

Tota1 16 800.0 26 404.4 10 933.8 18 628.9 100.0 100.0 100.0 100.0 ·34.9 ·29.4 

Souru: OECD Fottign Tradt by Commoditia (Paris, OECD, 1992). 
If Countries whose im:iort ind export data 1rc combined in the tabulation. 

new economic policies which began in 1990 both re
stricted the market and opened it to imports. As a result. 
consumption and production have fallen each year, and 
the industry is operating at about 50 per cent of capacity. 
Although consumption in 1992 wa.'I only a third ($200 
million) of it'I 1987 peak and imports more than doubled 
to $85 million, the production level was as high as it was 
because exports ($190 million) are more than seven 
times their level of 1986 [76). 

(e> India 

India has aggressively promoted the development of its 
machine-tool indui;try, and one government company and 
some 325 private companies have a capacity that is about 
$300 million a year. However, this level of production has 
not been reached since 1988, as both domestic demand 
and exports oecl:ned. The Russiail Federation accounted 
for 70 per cent of total exports as recently as 1991, but 
since then haii slowed it'I purcha'ie~. As a result, total 
exports in 1992 were less than 7 per cent of production. 
Emphasis has been put on the development of CNC ma-

chine tools and this has been accomplished primarily 
through licensing of foreign technology. By 1992, 32 
companies had a total of 46 such agreements on CNC 
technology. As a result, the percentage of machine-tool 
production represented by CNC machines grew steadily 
from 20 per cent in 1987 lo 37 per cent in 1991 (77). 

(/) Singapore 

Production consists primarily of the assembly of ma
chines from imported and domestic parts. A fraction of 
the imports are re-exponed to developing countries in 
Asia. A fully computer-integrated plant ha.~ been estab
lished by Yamazaki Mazak to produce machine-tool 
components for export to Japan. The developing role of 
Singapore a~ a manufacturing and technical centre for 
South-East Asia is 11purring the development of local 
supporting companies, providing such services as tool 
and mould production, metal stamping, fine blanking, die 
casting and precision machining. However, the recession 
in the United States and Europe cau!ICd a reduction in 
both exports and imports in 1992. 
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T•ble IV.100. World'" ZS largcal mKllillc-lool mmpaaics, 1991 

Turno..-e~ Profi1!t' 
Perccn1age Percen1age '.'Ii umber 

l<; JO 1991 change 1990 1991 change or 
Rank Company and counlry (million doll.us) 1990-t991 ( m ill'on dollars) 1990-1991 employees 

Amada Co .. Lid. (Japan) I 207.2 I 330.6 10.2 113.7 112.7 -0.9 l 696 
2 Fanuc Ltd. (Japan) l 100.7 I 027.0 -6.7 2-H.3 2.:6.l 1.6 2 181 
3 Yamazaki '.\.tazak Corp. (Japan) 1 150.4 I 011.3 -12. l 3 800 
4 Okuma Machinery Works (Japan) 739.0 847.9 14.7 32.9 43.l 31.0 I 954 
s Thysscn '.l.taschinenbau GmbH (Germany) 684.6 b 400 
6 Mori Seiki Co .. Ltd. (Japan) 661.3 684.0 3.4 SL? 107.1 31.9 1 874 
7 Toyoda '.l.tachine Works (Japan) 464.l 565.8 21.3 !9.5 6.0 -69.2 4 876 
8 Komatsu Ltd. (Japan) 470.7 531.7 13.0 195.l 209.3 73 IS 033 
9 Pittlcr Consolidated Group (Germany) 411.6 527.0 28.0 14.8 -16.S -211.) s 166 
10 Toshiba Machine Co .. Ltd. {Japan) 374.2 475.tl 27.2 35.6 52.2 46.6 3 39S 
11 Ingersoll ~1illing '.\.iachine Co. (United States) 400.0 460.0 15.0 4 250 
12 Trumpr Group (Germany) 399.7 454.6 13.7 20.7 14.0 -32.4 2 914 
13 Fuji Machine Mrg. Co. Ltd. (Japan) 435.7 451.2 3.6 48-4 47.3 -2.3 1 027 
14 Schuler Group (Germany) 464.2 439.7 -5.3 4 OIS 
15 Hitachi Seiki Co .. Ltd. (Japan) 364.8 420.5 IS.3 22.8 1-U -37.7 I 280 
16 Citizen Watch Co .. Ltd. (Japan) 298.4 392.8 31.6 80.9 109.6 35.S 3 273 
17 Maho. AG (Germany) 442.1 384.1 -13.1 8.7 -17.3 -298.9 3 459 
18 Cincinnati '.\.iilacron, Inc. (t..:nited States) 433.7 383.7 • 11.S -24.3 -100.2 6 903 
19 Gildemeister Group (Germany) 443.2 380.S -14.1 10.2 -17.4 -270.6 3 510 
20 Makino Milling Machine Co., Ltd. (Japan) 336.6 379.5 12.7 31.9 29.1 -8.8 1 134 
21 Amada Wasino Co .. Ltd. (Japan) 321.8 364.3 13.2 15.l 18.3 21.2 545 
22 '.'liippci Toyama Corp. (Japan) 266.8 361.4 35.5 9.2 13.9 51.1 I 133 
23 Amad1>sonoike Co .. Ltd. (Japan) 364.7 325.2 -10.8 23.9 21.4 -10.5 710 
24 Giddings & Lewis. Inc. (l:nited States) 232.2 304.9 31.3 19.7 22.0 11.7 4 520 
25 '.'ditsubishi Heavy Industries Ltd. (Japan) 248.6 302.7 21.8 485.2 736.9 51.9 45 433 

Souru: 'Blue Bulletin'. Amoican Machinist, 28 August 1992. 
!. Turnover figures represent the portion or total figures accounted for by machine tools (including numerical controls). 
!!: '.'liet profit figures represent the arter-tax profit for the total turnover or the company. 

(g) Honx Kong 

Produ..:tion in 1990 (latest figures) increased by 38 per 
cent over 1989. though the number of firms involved 
decreased from 93 in 1989 to 80 in 1990. Production 
capacity is obviously very limited in Hong Kong. and is 
not likely to expand. In general, all manufacturers are 
shifting their operat!ons across the border into 
Guangdong province of China. where labour costs arc 
much lower and rapid economic development is creating 
opportunities for both industrial and consumer products. 
It is evident that the Hong-Kong-based fim1s are serving 
both as a conduit for machi:ie tools into China and for 
exports of machines from China. 

3. Capacity utilization and upansion plan.f 

(a) J apt1n 

Production of metal-rnl!ing machines peaked in 1990 
at $9.7 billion. and that of metal-forming machines in 
1991 at $2.2 billion. This probably was close to capacity 
at the time, and represented more than 27 per cent of the 
world prtxluction of machine tools. Because Japanese 
firms upgrade their plants almosr continuously. capacity 
has increased since then. However, the collapse of do
mestic demand and the decline in exports has reduced 
output by ahoul one third. It has been the rapid expan
sion of the manufacturing hase of Japan comhined with 
restrictions on imports that has caused almost uninter
rupted growth of machine-tool capacity. Expansion ef-
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forts have slowed, but efforts to improve cfficiem:y will 
entail some investment in new equipment. Increasing 
resistance to Japanese imports in Europe and North 
America will limit their ability to increase exports. which 
will make it more difficult to increase capacity utili1.ation 
(76). 

(h) Germany 

The boom that followed the unification of Gern1any 
came to a halt in 1991. Capital cost;; of reconstructing the 
eastern part of the country turned out to he much higher 
than anticipated. The high interest rates imposed lo pre
vent inflation restricted the now of capital. and the al
most complete loss of markets in the former USSR and 
the other Eastern European countries combined to create 
a severe recession. Machine-tool production declined by 
more than 11.2 per cent. The difference between the two 
areas is indicated by the fact that the decline was 14 per 
cent in the western part of Germany and 3S per cent in 
the eastern part. Production in the western part of Ger
many peaked at SR.7 billion in 1990. and was around $1 
billion in the eastern part. In 1992. the combined output 
decreased lo $7 .R billion, and production was down by 
ahout one lhird from its 1990 peak. A further del-line of 
ahout lJ per cent in 1993 is expected (781. 

( n Unitrd Stalt'.f 

Althouj?h consumption of machine tools decrt'ascd by 
alrnosl 10. 7 per ..:enl hccaU.\C of the recession. imports 
decreased hy IJ.9 per ..:cnt, and exports incrt"ased by 



71.2 per cent in 1992 (79). As a result. pmduction de
clined by less than 2.4 per cent and the share of world 
production increased from 7.6 to 9.1 per cent. This wa.'i 
partly due to improved relati\·e price5, mainly because of 
the lower \'alue of the dollar. The comparatively good 
performance of the United Sl3tes is an indication that the 
downsizing. res1ruc1uring and modernizing of the indus
try !hat has been going on for several years is beginning 
t~ show results. By the end of 1992. as the country was 
showing signs of coming llUt of the re.:ession. the lk
partment of Commerce predicted that machine-tool ship
ments would increa.<;e by 8 per cent in 1993 (80). While 
excess plant and equipment capacity still exist after the 
downsizing. skilled employees that are needed to expand 
production have left and may not be easily replaceable. 
The numerous apprentice programmes that existed in the 
industry at one time have all ~en abandoned in the lur
moil that saw industry volume sink to less than one half 
of its former le\·els. 

(d) Italy 

Machine-tool production capacity ca~ be surmised 
from the production peak of $3.9 billion reached in 1990. 
This ended a sieady 15-year increa.'iC that made Italy the 
second largest producer and the third largest exporter in 
Europe. Tie level of orders. however. began lo decline in 
1990. and mm;ed steadily downwards through 1992. In
dustry capacity is slill about S4 billion. and it is operating 
at around 15 per cent of capacity. This decline in output 
is expected to conlinue in 1993. Imports. which come 
mainly from Gennany and Switzerland. have declined 
even more than domestic ~roduction. Exports also de
clined more than domestic consumption. most sharply to 
Europe. although !his wa." partially offset by the develop
ment of new markels. Although metal-forming machines 
have performed better in domestic market-;, exports were 
much more than those of metal-cutting machines. 

(e) Swit:.erland 

Swilzcrland has a highly-developed industry with the 
world's most intense co11surnp1ion of machine tools 
(though currently the consumption per capila is exceeded 
by Singap<ire's rapid development). The machine-tool 
industry has 1radi1ionally specialized in producing the 
most precise machines available. One result has been that 
more lhan 80 per cenl of the output is exported, and 
imports of more standard types make up the majority of 
local consumption. Produclion peaked in 1990 at $3.1 
billion. but has declined since by more than 40 per cent 
[81 J. Some restructuring has taken place which has re
duced capacity in the past two years. bu! it is probably 
still close to sales of $3 billion, and the industry is op
erating far below this level. 

if> Ru.uian Federation and Ukraine 

The territories of these two countrieo; were major ma· 
chine-tool producing areas of !he former USSR. In 1990, 
total production accounted for 199.196 units. In 1991 
and 1'>92, separate dala were necessary. Production in 
the Ru ;o;ian Federalion in 1991 was 90. i 911 units, and in 
1992 was eslimaled al 41.400 units [112j. Production in 
Ukraine in 1991 was 46,642 units 05,!!:9 metal-culling 
and IO,Ml3 metal-forming unils). and for the firs! nine 
months of 1992 was 311,402 units (30,517 melal-cutling 

and 7.885 metal-fomtirg unils). Exports were Mb7 units 
in 1991 and imports were 556 units. In 1992. exports 
declined further t 205 unils at the r.ite through Septem
ber). while imports increased (776 unib at lhe nine
month r.ite) (83). 

(gJ Spain 

Capacity in Spain can also be eslimated from the le\'el 
of pnxtuction reached in 1990. around SI billion. Be
cause of falling demand both in the home markel and for 
expc-'1s. rruduction has fallen by more than 35 per cenl 
since then. In 1992. the d··cline in exports. primarily to 
Germany and France. was held at 16 per cem, al~hough 
the decline in con.'iumption was 6.4 per cent. The fact 
that imports increa.c;ed by 3.3 per cent in the face of this 
decline wa.'i the result of the completion of orders plal.-ed 
earlier by the transnational automotive industry. 

1h) ruxosltn·ia 

Yugoslavia produced in 1990 machine tools wonh 
$630 million, 73 per cent of which were exported mostly 
~o the former USSR and Eastern Europe. The collapse of 
that market and the de\'eloping political crisis in Yugo
sla\'ia reduced pnxluction in 1991 to $375 million. In 
1992 and 1993 the territory was engulfed in war. For the 
newly constituled Federal Republic of Yugoslavia, 
which includes the machine-tool producing area.<; in Ser
bia, proouction stood at $150 million. much of which 
was evidently added to producer im·entories rather than 
consJmed. Exports were a mere S47 million. all of which 
took place in the early part of the year before the United 
Nations resolulion. The other machine-tool producing 
area was Croatia, which regis!ered production of S75 
million in 1992, one third of which wa.<; exported, mostly 
to the Russian Federation and Germany. 

( i) Poland 

Capacity in 1990, measured realistically, was about 
$125 million. Poland prod•1ced 15.539 metal-cutting 
machines in 1991, of which 182 were numerically con
trolled. That was a reduction of more lhan 40 per cent 
from 1990. In 1992, production in the firs! 11 months 
was 7,479, down 45 per cer.t over the same period in 
1991, and only 72 were numerically controlled. There 
were expons of 7.179 machines in 1990, hut only 3.990 
in 1991 (2,300 to developed market economies). There 
were imports of 9,2117 machines in 1990 (5.4M I from 
developed market economies) and 2,777 in 1991 ( 1.990 
from developed market econnmies). Due lo the liberali
zation of foreign trade, both government· and priva1ely
owned factories are able tn cxpon and import machine 
tools in addition to the foreign trade condm.:red oy 
Me1alexport, a govcmmcnl agency. Ahhough pri\·a1i1a-
1ion of the industry has been discuo;sed for scver;tl years 
there has been no aclion taken ~' far. The presenl plan is 
to divide the indu~lry into three groups. the hesl five in 
the first group, a second group comprising IM faclorics 
believed ahle lo survive. and a third group consisting of 
the rest which arc lo he liquidalcd [!14j. 

(j) South Afrirn 

Wilh limiled machine-tool production capal'ily in 
South Africa. mort' lhan 90 per cenl of its demand has 
been filled hy imports mainly from China, the former 
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Cze\'.hosllwak.ia. Japan. Taiwan Province and Europe. 
The annaments industry. onc.."C the maj.w customer. ha." 
vinually disappeared. Demand from the r:iilw~y and 
motor \·chide industries ha,,·e JeclineJ steadily. The de
valuation of the r.ind and the imposition or impost duties 
ha\·c caused real prices to increase by 400 per l"Cnt in the 
19ROs. This ha.o; maJe prohibitive the pun:hase of ma
chine tools by small businesses. thus impeding the devel
opment of small-scale industry. 

(kJ Hungary 

Early estimates for Hungary suggest that capacity 
reached over SIOO million in 1992. but les.o; than the 
$2lt) million reported in 1987. About 90 per cent of the 
production of the country wa.o; ba."icd on export." to the 
USSR and other Ea.o;tem European countries. This mar
ket l'llllapscd at the same time a.o; internal e\'.onomic prob
lems brought capital investment wilhin the country al
most to a halt. The two major machine-tool builders were 
pri,,·ati1.ed and established joinl ventures_ with Gennan 
companies: Szerszamgepipari Miivek with Maho and 
Cscpel with F+K. But economic inslabilily ha.'i so far ~ut 
the German partners in danger of bankruptcy. Whale 
capacity still exists. pmduction in Hungary. which had 
alreaJy dropped by one half. appears to have fallen by 
another 77.H per cent in 1992. despile the fact that the 
Hungarian machine-mo( induslry wa.'i once considered to 
be one of the more advanced in F .. aslem Europe (851. 

4. R~structuring and d~ploym~nt 

Massive restructuring is currcnlly taking place in Ger
many. State-owned manufacturing companies of the 
former German Democratic Republic are being restruc
tured by Treuhandstall. the German trusl. w~i~h took 
m·er the companies. Its action includes downsmng. re
structuring and ultimately shutting down where neces
sary and selling where possible. In downsiz~ng. com_va
nies are reduced to their core businesses. w1t!l domuto
ries. day-care centres and 01he1 peripheral activities 
stripped away. New management is brought i_n lo han~le 
purchasing and cost conlrol. functions that dad not e~1st 
under the fom1er regime. Other steps include convening 
power from the pollution-laden soft coal mined local_ly to 
gas or oil. and providing capitali1.alion to_ ~ake business 
viable. As an example. Hccken. a machmmg manufac
turer in Chemnill which had 4,500 employees when the 
trust took over, now has only 500. While the capital 
being provided by the German trust does not exist to _the 
i;ame extent in the other Eastern European countnes. 
similar efforts at reconstruction are being made through
out the region. notahly in the C1.ech Republic, Poland 
and Hungary. 

In Western Europe the combination of the single Eu
ropean market and the recession is forcing m~ny ~ompa
nies to restructme to i;urvive. Some companies m (1er
many arc combining functions only short of complete 
merger to reduce costs. 

S. Envunnmental considerations 

Owne-deplctin~ compound" must he p~a~d mat. by 
the end of 1995 in the llnited States, and i;1m.lar action 
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is anticipated in other l-Ountries. The most ~idcspre~d 
issue is the likely imp;!l'l on sales of rerrigeratmt? and ~1r
l'llnditioning equipment. More critical in metalwurk.1~g 
plants is the need to repla\."C chlorinated solvent'\ u.'ICJ 1:1 
vapour Jegre:i.'iing. Many new t)pes of parts t~at have 
been developed arc receiving l"Oll..'iider:ible attentmn. One 
type of system usei; water with ret?ulated ~hemical injec
tions and heated dryint? in a system with dosed-loop 
water trcat~nt. Others use ultra.'ionic deaning l'l>mbined 
with liquid detergent. 

6. N amrrical control tttluwloKJ 

Nurncrinl t.-onlrol has not only modified the nature of 
moi;t types of machine tools. combined with l'l>mp~te~ 
used for design. scheduling and inventory contml. 1t 1s 
changing the ba.o;ic nature of the manuf3':turing pn~es." 
ito;elf. Numerical control operates a machmc tool with a 
program that provides digit.ii information t.·overi_ng tbe 
motioni; and speed of the machine and such functmn.'i a." 
changing of tools and workpieces. It involves not only 
the control itself. but also th:: servomotors on the ma
chine that carry out the command.'i from the control. It 
may include sensors to keep the contml informed on the 
poi;ition and condition of machine elerncnl'i. ai; well _a.-. 
the pmJ.!rams (or software) that instruct the control. ~or 
auxiliary funclions. it requires tool and work-changing 
mechanii;ms equipped to respond to conlrol impulses. It 
is pos.'iible for such machincli to be so equipped and 
programmed that they are able to operate for long peri
ods unattended. 

Virtuallv all numerical controls today contain a l·om
puter in the form or one or more mi~nyrocessors, 
though a few contain more elaborate mm1comput~rs. 
Initially. such contmls were called computer numcncal 
contmls. hut today the term numerically controlled (NC) 
is understood to mean compuler control. 

The controls market ii; dominated hy Japan. Table 
IV.IOI compares NC machine-tod production in 12 
countries and area" for which infonnation is available. 
These countriei; and area'i accounted for about RO per 
cent of world productilm of all types in 1991, and pro
bably an even larger share of production or NC types. 
Among them, Japan had a 45 per cent i;harc of pr~uc
tion of NC machine tooli;. Almost all Japanese machines 
use Japanese controls. A major share of the controls u_sed 
in the Republic of Korea, Taiwan Pmvin~e and ~Jmt~d 
Stales arc al'io Japanese. and the share 1s growing m 
Europe. Fanuc is the major control builder in !apan, a~d 
in the world. Fanuc supplies machine-tool builders with 
a complele package that includes the control, servom~>
tors and i;oflware. It operatci; alone in Asia; el:.ewherc, m 
a joint venture with General Electric. once the principal 
control builder. GE r:anuc i;upplies Fanuc control sy'i· 
terns and related equil1ment developed by General Elec
tric. 

Almoi;t hair (hy value) of the machine tooli; prnduccJ 
in 19')( were NC. ai; the NC ponion increased from :l9 
per cent in 19K7 to 4R per cent in IWI. The fastest
~rowing countries and area~ were Taiwan Prn~incc. In· 
dia, Japan and Spain, in that order, all of whll:h more 
than doubled the value of NC machine output. Japan and 
Spain each had more than 60 per cent or prnduclion in 
NC machine looh; France and (iermany had 54 per cent 
( prndul:lion figures for Germany cover only the western 



Tallli: IV.IOI. N•mcricallf -trolled ... IOCal ~laal pmdlldiae bJ adected -hJ • ua. 1917 aad 1991 
(Value in mittioa dollars) 

1987 produr1ioa 1991 prodKlioa 

Total Pcn:ca1asc Total Pcn:ca1asc 
NC madliac 1ools mad111te· sllarc ol Pcrttaiasc NC madaiac 1ools madaiac· sltarc ol Pcn:ca1asc Pcn:ca1acc 

Co.airy ·lool llOC mad1i11C sltarc bJ ·IOOI !IOC 1nd1iac sltarc llJ dlHCC 
OI' area l.."ai1s Value ••luc tools couairy Uaits Vahoc Ya hoc tools COUDll'J lff7-1991 

Japaa JS "60 3 3'>4.7 6419.4 S?.4 l7.I SS 03? 7 ?l0.3 I! 631.7 6?.? .&S.O llS.? 
Qc1111a•1 II W.S 3 ?99.7 6 40?.6 SIS 36.4 19 14S 4 .&??.3 I l??.S SH ?7.S 3".0 
Uai1cd States 6 409 931.0 ? S&S.O 36.0 10.3 I 212 I Ill.? 3 31?.I 33-1 7.0 ?0.1 
Sw1ucrlaad I 6S?.4 4 090 ... 10?.~ I 730.!W 40.6 .... 
Fraacc 766.I S00.6 91?.9 S.&.I 3.1 
Spaia 214.9 S7S.O 37.4 2.4 4S?.7 7S0.6 60.3 ?.I 110.7 

h•IJ 64S.5 2 235.2 21.9 7.1 439.3 3 .C70.I 12.7 2.7 -31.9 
UailCd Kiapom 1162111 291.it>' I OSl.ctf 27-5 3.2 1116111 4l0.1111 I 146.zlll 37.6 ?.7 47.9 
Rcpalllir ol lltora 2039 160.3 SJ0.9 30.2 u 367S 291.2 791.4 36.S I.I 11.7 
lad.a 193 JS.9 277.7 l?..9 0.4 679 12.9 221.6 37.4 o.s ll0.9 
A.stria ISS.O 1179111 126.0lll 272_jl/ 46.2 0.1 
Taiwaa ProYincc 2 714 nc.s S77.I 19.1 l.l s"" 27S.9 962.6 21.7 1.7 141.0 

------
TOTAL 6764? 9 OS7.7 23 llS.5 39.0 100.0 100 772 16 082.6 ll 339.0 1.2 100.0 77.6 

5-'a: la1craa1ioaal csdlH&C ol staiiatics compiled llJ tllc Europcau Colamiucc for lite Coopcratioa ol 1bc Madliac Tool ladus1ria; Eco.oatic 
llaadllooll. ol tlllc Maclliac Tool ladustry (Mcl.eaa. Vqiaia. Asssociatioa fOI' Maaaafart•ri•& Tttllaolo&J. 1993). 

ti Switzcrlaacl docs aot rcpon NC produrtioa. Tllcsc arc cap«I f'l•rcs. Total pnidurtiaa was S?.092.3. 
Ill Maj« NC maclliac·100l tJpcs oaly. 

part of the counuy). The only decline was in llaly. where 
the value of NC machines produced fell by 32 per cent. 
and NC machines accounted for less than 13 per cent of 
production. 

As shown in table !V.102. Japan is also the principal 
user of NC machines, and installs more than one third 
of the NC machines installed in these countries and 
areas. Gcnnany followed closely. accounting for aboul a 
fourth of the NC machines installed (including for 1991 
an estimate of consumption for the caslcm part of the 
counuy). Spain had the third highest rate of installation. 
wilh S3 per cent of consumption being of NC machines. 
"The biggest increases in consumption were recorded in 
Taiwan Province and the Republic of Korea. lhough the 
rate remains well behind that in the leading countries. 
However, Italy has not adopted NC 1cchnology; it pur-

chased nearly 40 per cent fewer machines between 1987 
lo 1991. It should be noted that Italy has a 36 per cent 
shaR of production from metal-forming machines, which 
was much higher than Japan at 21 per cent. though not 
much higher than Germany at 35 per cent 

The application of NC machines varies widely be
tween machine types. as shown in table IV.103. On~ 
basic of the production of il dozen countries and a!cas 
that ~ production by type. 59 per cent of mclal
cutling machines are NC. but only 18 per cent of mctal
fonning machines arc. Among individual lypcs, 100 per 
cent of machining centres, 76 per cent of lathes. and 72 
per cent of milling machines produced were NC. 

Control systcms arc becoming smaller in siu. The use 
of edge ICChnology pcnnits more components lo be 
mounted on a single board. Software has become more 

Table IV.102. N•mericaUJ coettollcd alld IOla.I 8KlliK·IOol -•ptm bJ ldl:clcd -•hJ alld area, 1917 aad 1991 
(Value in milliun Jollar1) 

1917 coa1ump1ion 1991 coasumplion 

Tor al Pcrcc1uasc Total Pcrcca1a1c 
NC macbiac tools macbinc· ibarc al Pcrn:111aae NC maclliac lools macll1ac· ibarc ol Pcrcc111asc Pcrccarasc 

CounlrJ ·1ool NC macllinc narc bJ ·tOOI NC maclliM ibarc llJ cllaacc 
or area Units Value •aluc loots COUDlrJ U11i11 Value •aluc loola COUftlrJ 1917· 1991 

Japaa 22 661 2 030.l 3 649.1 .SS.6 2S.7 31934 .. 916.3 I 327.3 S9.0 3S.S 142.2 
Gcrmaay 6 206 I 342.; 4 001.4 3l.6 17.0 2204 3 199.1 s 126.9 6l.I 2.f.6 ISl.2 
Uailcd S1atc1 IS 47.f I 142.3 3 967.l 46.4 ll.4 IS 316 I 913.1 4 4S2.l 43.0 13.I ).9 
f'raarc 196.0 I 219.9 73.4 11.4 790.0 1 llS.9 43.S S.7 ·II.I 
Rcpulllk ol ltGRa l 341 116.0 979.S 21.1 l.7 HOS S&4.4 160.9 3S.S 4.1 170.6 
Uailcd ltinpom 390.0 I 087.1 35.9 4.9 I 714 SlG.111 I 364.6 JI.I 3.1 ll.4 
Spaia 301.3 606.9 49.6 3.1 430.4 IOU Sl.6 l.I 41.I 

llllJ 662.3 I 7S3.0 37.1 1.4 407.7 2 711.0 U.O 2.9 ·ll.4 
Swilzcrlaad 120.0 516.1'1 20.1 1.S l 361 m.~ 421.7 36.0 I.I 111.0 
Taiwan Prowincc 17.7 412.7 21.3 I.I 1 llO 142.0'I 627.0 )7.4 1.7 17S.9 

TOTAL 46611 7111.S II lS3.S 43.l 100.0 19021 13 4S7.0 21 Sl9.0 47.2 97.) 70.6 

SOtl~t: ln1cr1111io11al ncllanac ol 11a1islics compiled llJ tlle Europun Commi11" (or Ille Cooperation ol rlle Macll111c Tool l11d11tmc1; E<ononuc 
llandbooll o! Ille Macll111c Tool lndu11ry (Mel.can, Yir&inia, ASMOCia11011 for Ma1111(af1uri111 Tr.cllnoqy. 1993). 

II M•1or 1nac11i11c·1oot 1ypn 'lnlJ. 
'1 Sw1ucrland doc• 1101 rcporl NC produCllOfl. Tll11ii111• fi&urc (or impor11 only. 
II Taiwan Prowince doc11101 reporr imporll. Tlli1 ii produciion m1nu1 opor11 only. 
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TmMR IV.Ill. s-aiKlllty nub all • _.._ ...... -
(Milli 

SC 
SC l'a<'ctllaF NC ~ 

..__. Driliac ....... 
~ -- olSC ~ ........ afSC !'«'. al~ --.. ... bori 

C°-.yOl'ua .-... niaiac ~ C'allftS .-.. ...... cailla Udlcs IMllc5 .... ......., ......... 
...... 

l'l'Ollloniaa 9 JN.9 6 llo.J 72.11 ? 2!111.0 2 2'11.0 lOll.O 1941.C 11".0 "10 471.1 DU 
G I , .. 6m.1 4S'llH 61.0 I SIU 1514.S lOll.O I ?20.G I GS7.l 17.0 ?n4 l7li 

Gamaay ,_..,... s 61S.7 JW.I 61.0 7J9.J 1)9.J lOll.O l 19U rn.1 14.0 MS.O lllS 

G ... 4 !IS..9 29673 71.0 :107.4 2117.4 lOll.O 911..S I OZ2.3 112.D 26U 1?9.l 

u .... Sala 
l'rodooclioa 2:!111.1 911111.4 42.0 319.1 379.7 100.0 JCl.O 2'7.8 11.D !lll 6"1.7 

G •••• J 367.S I 'JO.S S2.0 6ll.4 6ll.4 lOll.O 650.9 Sll.4 79.0 1"16 109.2 

Sooiaellwl 
~ ll:!U 6111.7 4S.O S6.I S6.I 100.0 IRI 107.7 S7.0 U?.9 91.6 

Ge 1 I , .. l?9.9 D6.l 69.0 79..S 79.S IOll.O 'l8.7 ... 9 16.0 Z7.9 117 

mo-,,__ 651.6 ll7.J S9.0 Sl.9 Sl.9 100.0 92.7 110 90.0 
(j FTi• l~.9 Mt.? 48.0 lllO 1110 100.0 ?27.9 lRJ no 

.... 
~ sou 154.? 10.0 41.J 41.J lOll.O 114 S6.0 67.0 l2.l ~.4 

c-..pcicia 42S.7 ?97.4 10.0 '14 414 100.0 12.l 67.9 no Jl.9 14.7 

IQIJ 
~ ? .lSZ.9 4l9l 19.0 291.7 291.7 lOll.O JSJ.2 21-ol.D 61.0 llS.O 

C-P'm 2 050.7 4S6.6 22.0 217..S 217.S 100.0 320.2 2ll.2 71.0 64.l 

llllitd~ 
,~ 7511 ll7.0 Sl.O Ill.I Ill.I lOll.O nu 97.1 41.0 

c ,,. 'llU 435.0 S.5.0 D.9 &9 lOll.O 246.l Jl9.S S7.0 

T.....,,_ 

"""*'- 611.J m.s 400 1:116.0 lll6.0 100.0 ?JC.6 123.J ss.o ..... 2.00 C-0..,.... :114.l 129.1 S7.0 112..5 112..s 100.0 llU tr..? M.O 19.6 1.0 

..,.._ of i-
l'IOlhnicMI "59.J 291.1 44.0 917 917 100.0 l6U uu 59.0 40.6 2. 7 c-s..,.... 1247.4 Sl4.0 41.0 IJU lJt.D 100.0 JOU 169.2 ss.o llll.J SO.I 

..... ,IQ!lcl ... lOll.I 11.J 41.0 :116.6 :116.6 100.0 62.7 JU Sl.O 2U 1.2 

C.0.-,.... 

~ .. ,IQ!lcl_ 34.0 So 160 o..s 12.S u 
c.o...p.- 77.9 49.2 610 17.0 17.0 100.0 22.9 17.2 75.s IU l.O 

TOTAL ............ _ 
24 .Sl6.7 14451.1 59.0 4 2411 4 241.1 100.0 4911.6 J 76SJI 76.0 I 2'76.7 6Z7.4 

~ 20975.1 IZl41.1 sa.o JJ4U J)CJ.s 100.0 4 201.0 HM.2 IS.O I 0360 lQS.4 

S-Cr. loMCIUl-..1 •-• oh1a11111csco111pilcdby Ille F.a..- c-.Hci. r«lllc Co:lpc'81iollafdlc MaclliMTool ..._fta; &-ic tt.adbooliof 1• M.ctliMTool 1116 
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user-friendly. llllling it eas.~ for operators !o ~ram 
a machine_ The 32-bit processor h.is become standard in 
NC \.-ontrol systems. anJ in some cases. more than one is 
included. In high-speed !:'!achining. lags in response time 
of servomechanisms cm be appropriately adjusted. By 
\.-ombining two 32-bit pnx."CSsors in a single control. a 
rcduccd-instru\.""tion-sct-computing processor can look 
ahead at future blocks in the program. calculate wh;at this 
lag will involve. and mak.e adjustments to the rate of 
acceleration or deceleration. 

Communications is a key f Wk""tion in integrating NC 
systems into the f:M."1ory. Most NC systems now h;ave 
some communications \."apability. most often for receiv
ing distributed programs and for generating status re
ports. Thc requirement of compatible interfaces between 
the conlrol and the network is the principal problem in 
developing a factory system. However. the Open System 
lntcrcon~"1 protocols from the International Standards 
Organization shows promise of slandardizing network 
software. 

(a) Turning macl.i1'es 

The most common NC machines arc lathes. including 
horizontal spindle machines with flat. slant and vcnical 
beds and venical machines. Most of these machines now 
have been originally designed as NC machines. and tend 
to look less and less like the traditional lathe. The tradi
tional way of machining a round pan was to tum one end 
of it in a lathe. move it to a second lathe to turn the other 
end. and then move it to a milling machine for milling 
ar.d drilling operations that required rotating tools. Now 
many NC turning machines can complete such pans by 
using a single machine. Making a controlled axis of the 
spindle permits stopping the work in controlled posi
tions, and then indexing it to various stationary positions. 
Providing powered positions m the tool turret makes it 
possible to use rotating tools on this workpiece. 

Automatic loading of work ha'i advanced from acces
sory devices that were bolted to the machine or free
standing rcboL'i, to those such as integral robot or gantry 
devices that can supply workpieces from a variety of 
sources (tables. rack or bins). Twin-spindle machines for 
chucked pans. usually with automatic transfer of the 
work from one spindle to the other. complete the cycle 
and permit complete machining of a pan in one continu
ous operation. On front-loading machines, the pan is 
turned end for end ao; it is moved from the first spindle 
to the second. In the conventional lathe design. the sec
ond spindle is at the lailstock end of the lathe. and trans
fer is usually accomplished by advancing this second 
spindle to gra.o;p the machined end from the first spindle. 
In some machines both spindles have longitudinal move
ment under numerical control. 

A variety of different configurations have been devel
oped 10 combine these functions. On some machines 
both spindles are equally powered and have equal tooling 
characte:istics. In such cases, the spindles can be pro
grammed to operate separately on different workpieces 
or work together on the two ends of a single workpie:.:c. 
In other designs. the second spindle is a subspindle. the 
si1.c and power of which is less than lhal of the main 
spindle. The simplest machiACs may be a simple three
axis machine with a single tool turret and a small 
subspindle. At the other end of lhe range are complex 
machines with six or more axes, three or more tool tur-
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rcts. and a SC\.-ond spindle comparable in size and power 
to the first. 

Thc choi ... -c of machine depend'i on whether most of 
the work is COO\."Cntrated among .a few or is fairly equally 
divided. In either case the goal is to shorten prudU\.-tion 
time and costs by eliminating the use of extra machines. 
the moving of pans between machines and waiting time 
between operations. This would ultimately lead to a twin 
spindle-machine with .automatic handling which is .able 
to operate for long periods without an operator. 

(b) Machining unlres 

Machining centres are at the heart of the rcvolutioo in 
manufacturing rh;at numerical control h.is created. De
spite their complexity .and comparatively high JKice, the 
value of machines prodll\.-cd each year is about the same 
as for NC turning machines. In the countries and areas 
included in tahle IV.103. the value or machining centres 
produced is 1 j per cent higher. but the value of NC 
lathes consumed is 7 per cent higher. Prodll\."1ion of NC 
turning machines, especially the simpler types. :s much 
more widesprc.ad than th;at of machining ttntres. so th;at 
there is more expon of machining centres from these 
countries and areas. 

Thc machining centre was created lo take advanlage or 
numerical conlrol. Originally. a horizontal-spindle ma
chine with an automatic tool changer anci work mounted 
on a turntable. could machine four sides of a prismatic 
workpiece in a single series of operations. Later. tilting 
turntables added the top to the sequence. Vertical-spindle 
machines proved much less costly because they did not 
require as heavy a frame a'i is nccdcd for an accurate 
horizontal spindle. And vcnical-spindle machines could 
perform all the operations on the top of the work-piece 
a'i well as milling the four sides, though it still could not 
drill holes or make undercuts on the sides. 

But then universal machines were developed in which 
the spindle could be shifted from a horizontal position to 
a vertical. Designs vary. but generally the universal spin
dle cannot perform as heavy and a'i accurate work ao; a 
horizontal one. Methods 10 increa'iC the efficiency of 
machining centres include the addition of pallet-chang
ing devices that could change workpieces. ado?lion of 
methods lo worn tools automatically. and 10 mount a 
number of smaller workpieces on the sides of a ··1omb
stonc'" fixture. Such pans could be use in combination 
with different pans that could be programmed. 

Al some point a'I the refinements added to the machin
ing centre increa'IC, such as on-machine gaging of work. 
broken tool detection and replacement. the machine be
gins 10 he thought of as a .. cell"". a complete unit for 
manufacturing a cenain cla<1s of pans. Cells may contain 
more than one machine, the second machine often being 
an NC turning machine, but if two or more machining 
centres arc combined in a cell with compuleri1.ed sched
uling and programing of them both, ii becomes a nexible 
manufaclurinf! system. F..arly experience with such sys
tems was often disappointing. but as all the components 
have become more reliable, their use is increasing. 

(c) GrinJinK marhinn 

Grinding machines have been slower in converting 10 
NC even though the first NC application" were made lo 
plain cylindrical grinderi; more than 20 year:i; ago. Rut by 



1991. by value about 43 per 1..-cnt of the grinders pro
dU\.-cd in the 12 countries and area"i listed in table IV .103 
used NC machines. Leading developers have been in 
Europe. mainly in Gennany. Switzerland and the United 
Kingdom. Special-purpose grinders for cutting tools and 
other precision work have been developed. but numerical 
control is also finding a home in more conventional 
grinders. The controls developed for grinders tend to be 
more 1..-omplex than those for most metal-cutting opera
tions. n:quiring extensive feedback from the machine on 
the progress of not only the size of the work but the size 
and condition of the wheel and the temperature being 
maintained. 

Grinding is particularly susceptible to problems !'uch 
as vibration or distortion; the latter is caused by tempera
ture changes in either the machine or the work. An early 
approach to greater precision was lo use granite for the 
base of the machine. In recent years a special form of 
concrete has been more common. Concrete wa."i first 
used by an Italian manufacturer in a horizontal boring 
machine more than 20 years ago. and later wa."i devel
oped into a composite of crushed stone held together by 
a plastic binder. They are becoming more common and 
are particularly useful for grinders. These epoxy-con
crete or polyester-concrete structures are superior to ei
ther cast iron or fabricated steel both in damping vibra
tion and in thermal stability. On a composite ba."iC. at
taching points for the rest of the machine and any acces
sories must be carefully planned. and steel mounting 
pads must be cast into the original structure. Sometimes 
a thin metal cao;ting er steel plate case is filled with the 
composite in order to provide a surface that can be 
drilled and tapped. One NC grinder introduced in 1992 
ha.-; gone beyond the ba."iC and uses a polyester-composite 
construction for all major components. including the 
base. saddle and wheel head. 

( d) Punching and shearing machines 

The principal arptication of numerical control in 
metal-forming is in punching and shearing machines. NC 
punching machines. for working sheet and plate. aic vir
tually a new cla"is of machine. ao; is the machining centre 
in metal-cutting. They have a tool-changing mtthanism 
that changes both the punch above the work and the die 
below. These tools arc carried in turrets, and in some 
machines operate from the turret which rotates under the 
machine ram to change tools. Jn another design. the 
punch and its mating die arc transferred from the turrets 
to a position under the ram. The table docs not move. hut 
the sheet is held by grippers that move it on the table 
(equipped with ball rollers on the surface) 10 the position 
needed for the stroke. These machines rcpoo;ition the 
sheet between strokes with precision, often in about a 
second, and when a :ool change is required ii takes only 
seconds longer than the repositioning. Punches arc rela
tively small. and large openings arc produced by over
lapping punchrs. 

Contours that cannot be produced with punches can be 
cut with a machine designed in essentially the same way 
as the one that cuts with either a plasma or laser. Some 
machines arc capable of both punching and contour cut· 

ting. The development of this class of machine. which 
a1..-counts for about two thirds of NC metal-forming ma
chines, has made a major change in metal-forming. It is 
now possible to design many products from sheet or 
plate that were formerly designed as castings or to be 
machined from solid stock. 

(~) Programming 

One of the reasons for the rapid growth of NC has 
been the success in making the programs more uscr
fricndly. For many operations. the control can be pro
grammed by the operator. More complex machines have 
controls specificaUy designed for the machine types that 
are simple to program in comparison with those of the 
early years of numerical control. Jn fact the capabilities 
of many machines are determined as much by the sys
tems built into the control as by the machine. Thus two 
!:?thcs equipped with the same model control will have 
virtually identical capability. For this reason, some ma
chine-tool builders either produce their own controls or 
have a control customized for them with the particular 
system characteristics desired. 

While programming has simplified. the desire lo ac
complish more has introduced complications. and with 
increasing use being made of computer-aided design. the 
desire to be able to transfer thco;e designs into manufac
turing programs automatically has grown. The ultimate is 
called computer-aided process planning. In theory such a 
system could take a computer-aided design to determine 
which of the available machine tools should be used lo 
manufacture it. plan the sequence of operations and then 
prepare the program. 

Such a system must Ix- customized for a particular 
plant. For a medium-si1.cd manufacturer this may take 
between two and four man-years for engineering imple
mentation. The program must have access to all the 
manufacturing process k.nowledgc databases that relate 
to the equipment and materials involved. Because of the 
time and cost involved in installing a system of computer 
aided process planning, the process i"i more talk=<! about 
than used. There have been a few such systems put into 
place, and a much larger number of ca'iCs in which sim
pl.cr applications have been automated to create parts of 
the planning process that can be integrated into the over
all plan. as ii is developed in the traditional way by the 
engineers. 

7. Short- and medium-term outlook 

The short-lcm1 outlook is discouraging because of the 
severe recession in Europe and Japan. There may be 
some improvements in late 1993 and 1994, but ii is not 
assured. The United States market should continue 10 

improve in the short term, although a s(rcngthcncd dollar 
may affect exports. Continued growth is expected in 
China. Singapore and the Malay Peninsula. 

In the medium-term there could be some recovery 
from the low sales reached in 1992. However, there is 
still a substantial excess capacity for machine tools in the 
world. and consolidation and restructuring arc likely to 
conrinuc. 
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77. Indian Machine Tool Manufacturers' A~sociation. Ma
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Technical notes 

I. SourL-.:" for Ille: follo,. ing i:nunlry lahlc:-I an:: 

fell The l':SIDO i:on,.olidarc:J databa~ or Industrial Sta-
1i,1i.:'; 

1/11 ~alional A•·c•lllnN S1a1i,.1i,·s frnm Fl"/l':SSO tall cn
lnc:' r.11lm-. ... -J hy· •• /rw .. .;uppkm.:111 ... -J hy nthc:r sour.:l!'i t listc:J 
hdou.· unJc:r item 71; 

,.., P1>plllalion figur."'I l>y l;ili Ikmographic Stali,tit..> anJ 
LT:\ .\lrmtlrfr llul/1·ti11 1if St1lli.•tics. The populalion figurt:'i usc:J 
in th.: GDP pt.'r i:apila foR"-'3.'t I I IJ9 I -19'H) are ba'L-d on th.: 
--world Population l>rn.;p..-cts as a.<'°sc:J in 198r lliN/I>IE.'iA 
1'11\51. 111<."\frum \"ar1;.in1; 

ttl1 hllmar.:" and r1>rt-.:a.-.1" of GDP and M\'A tmanufai:-
111ring \·;Jiu.: at.kk"\f fmm ~alional Account"' Stati,tii:s and fc>r 
:!X inJ11,tri;1I hran,·h.:"' hy l.'.ilill>O/PPDllDP/Glohal l"'sllt.."'I and 
Poliq· Per,pei:tiws Br.inch. 

All \·;1lu.:s arc: in millions of Fnilt-d S1ai...-s dollars al i:urrc:nl 
pncc:' . ..-xccpl wh.:rc n1h.:rwisc inc.licalcd. Oificial exchange: ralcs 
haw ~-...n applit.."\I in g..-nc:ral 10 gc:nc:ralc: dollar \·alnes. For 
,..-k .. ·1,•J ..:ounlri..-, aml sdcctc:d pt.'riods a cnm:ction fa..:lor was 
..:;ikula1c:J 10 c11mpt.'n,a1..- 1c:mpnrary ovcnalualion of 1hc n;1-
1inn;1I curr..-ncy f Arg..-nlina. Hra1il. Chi!..-. Dominican Rcpul>lic. 
Enp1. El Sal\·;ulnr. C.han;1. (iu.·t1cmala. Honduras. :\icaraJ!ua. 
:-.;;g.·n;1. Paraguay. Pt·ru. Sic:rra 1..conc:. Synan Arah Rc:pul>lic. 
Tnmdad an1l Tuhago. Fganda. trruguayl. Th.: cnrrcclion was 
dnnc: hy adapling c:x.:hangc: ralcs tu lhc rcportc:d inna11nn ralc,. 

E'.:hangc rare:' for Hungary. Poland and Romania are a\·
c:raj!C: markcl I principal l rares as rt!portcd hy lnranarion.1/ f·;. 
11t11wi11l Stt11i.uin. 

.l. F1i:urc:.; followed hy •· 1.:·· arc in 19!10 .:onstanl pri.:c:s. 

.i. For rht" ,·..-n1rally pl;inncd c:.:onnmi..-s ll :'>:SO prm i1ks an c"ti· 
rmrc: of (il>I' ha":d on cnunrry rc:port\ of !'Ml'_ N:\11' fij!urc\ 
art" nu loni:.-r r<·portctl. MVA i' c:s1ima1c:d from imlu,lrial 
a.:11\ 111.:' hy applyini: J rcdu..:11on fa.:lor tl::ri\cd from mdu,lrial 
'(;lll'ilJCS. 

'.'i. Thc:rc: ;ire lwo part' lo 1hc annt"'.\. The firs! p;1rt con'"'s of 
full p;1i:c rt"ports on 111-1 counrrit"s for whll"h more .:ompl.-1..
cl;i1;11' a\·ailahlc. TJu, ''a 'uhs..-1of1h..- sampk of 120 counlric' 
11-c:d 111 d..-ri\T lhc wc1or;1I fc•rcca\ls of manuf;1,·111rini: \ ;1luc 
.1dtlc:d for 211 imhis1rr;1I hr;in.:ht"s. Lll"h of lht"'C pai:•·' co111ain' 
;1 clr;1i:ra111 of lndus1rr.1I Slrucl:irnl Chani:c. j!raph' of Cil>P and 
~IVA i:r11w1h ra1,·s. 11<•,crihcd in 11..-111' h ;md 7 hclnw. and 
1;1h11l;ir d.11;1 as ck.;n1hc1I ;n llc:ms !I 111 I .l hc:lnw. 

The \C:.:oncl part of lh<· ;mnc\ i:nn,isl\ of 'hort t;11lh:\ for 
c;1ch of lhc rc111;11nrni: counlnc\. 

fl. Thi• chai:r;un of lnd1hlnal Stnr1-rural ( 'hani;:..- i' h;tscd on the 
vah1t· ;11l1kd 111 1'1'10 d,·lfatcd prr ... ·c:,. In i:cn,•r;1l :h,· Cil>I'· 
cl.•lblnr i' 11\Cd for rhc: •·onH•r,1011. If no ( il>P·dt•fl.11nr w;" 
;1v;11lahk lh1• ,·on,111111·r Jlrll't" dcflalnr '' lhrd. h•r rad1 hr;1nd1 
.111 md<"'l numt,.·r fnr th1· 111·11ntls 11>11:'\. 111'10 and i'l'>-l 1, .-;1k11-
l.11,·d rd.H1H· 10 l'IXO. Th<· uul<·' numhn 1k1n111111 ... ·, rhc di,. 
l;mn· from the 11rig1n of rhc star-1hagra111 l'nr rad1 )1•,1r lh1• 
1nd1''l munhc.•r, M1' ,·0111wd1•cl hy a lmc whi,·h r.-lk<"h !he I) p1«al 

-,haflt.' .. of expan•inn for the 'pt-.:1fi,· .:ounrry _ Sin<-.: rhc: ,,,,.••I 
c:\pansion 1ah<iolu1c: \·alues of lhc inJc:x numh.:r'J i' <hfkrc:nl m 
each cnunlry. a Jtff<-rc:nl ..:ail.' i\ 11"<>.I in c:a.:h tha~ram. Tb..· 
la.rge"t inJc:x numh.:r of all hranch..""' i' rhcr.-fnr,· )!!\c:n hcl••u. 
lhc righl end c•f rlk· hc>ri10nral a'li•. Tb..· 1wn numl>t-r' m rho..· ho'l 
on th.: U('fll-r right-han.I sidc: arc:: g: Ilk: awra~c: annual ~r"" 1h 
rare for the pt.'finJ 19110 In I~; an.I 8: lhc: inJc:'l ,,,- slru.:lurai 
change 41Jdined helow I for lhc "3JTie pc:rin1l. 

7. Cil>P anc.I MVA ~mwth r.11c:s ar..- mamly ha-... .... 1 on ,1;;1;1 
suppht..-d hy· FMl:\SO. HowC\"c:r. when no I ":\SO ii~urc: u.a, 
r..-punc:J. a figure wa.• laken from on.: of th.: follou. inj! "'urct•,: 

ftll l'alinnal s1a1is1ical ins1i1u1c: of th.: 'rc.:tli.: .:••untry; 

th1 l'nill.'tl ilia1ions regional 1.-cononu..: ..:n111111i,,inn for lhc: 
specific counlry: 

Io lllrnr..t.1tic>11t1l f"in11111·i11/ Sr111i.ui.-.• t lnrc:mallona! :\t.>r.c:· 
ta.ry FunJ1; 

(c/I 1\"11tiont1l ,\.-.-ounr... l>r1c1il•cl lizhlr« r ~-.,/,.,n.· /[, 
IOECI>. l>c:partmc:n1 or E.:011t>n11.:s and S1a11,11..-q: 

f<'! n·orld 0111/r•ok and (!11<1rt1•rfr f.°r"l'110mic· N.-11.-.i· :·111:: 
E.:nn••mi•I Intelligence l;nill: 

lfl n·,,r1c1 Rank World I ahln: 

l.irl C1•ntr11lfr Plw1111·1/ f:1-.momin. f:.-m1r11mr· ( Ji-.-n-11·"· 
fThc.: Conkrcnce Hoard. Inc.I; 

thl Enmomic Forrnur t North-Hni1;111.l1: 

Iii Cc>mrnm /)c1r11 /WI !Vit"nna lns111u1c: for (-,1mpar.1-
li\C Economic S111dic.:,1; 

(JI A'ran l>c:wlopmc:nl lfank; 

lk1 Afri.:an l>c\"clopmcnl Bank; 

or cl'c cs1ima1..-d nn 1he tiasi' of sta1is11.:;1l ;111;1l}'i' an.I cirhn .!.I 
hoc infnrma11r1n. irrdudm)? v;1no11s 1::~.111h.·;1h ;me! n1·'\'p;1Jl\"r' 

l'orc:.:asl grou.th r;llc.:s for 199.~ anti l'l'>-1 for c.1• h ,·111111lr} 
wc.:r..- prnic:ctc.:d using: 

(<II Thi.' lnng-lc:rm 1r,·ml in Cil>P: 

(hi The: cyd1.:;1I dcv1alions from 1h;11 lrcntl: ;md 

(r"I Wht"n II prmcd "!!nifr..:;mt. Cil>P in ;11101h.-r ··011111•} r11 
a group or nlht"r .:ounlnc:s 

Cirnwth ralrs of ;1i:i:rc.:goilc M\"A w,·r,· for.· ... ·.1,1 on th1· h."'' 
of rt")?n·s-ion :cdtni<111c:s rd;11111g MV ,\ ;md < il>I'. hh· drtkn·111 
l)P.:' of rc)?rt",\lon' arc: rc,lc:d for 1l11s purl"'"'._ The: r1•l.1l1••1"h1p 
pn .. lul"lnj! the: hc'I c'·J"l'•'I forn:;1,11ni: figure' ""' 1111;111} 
sclcclt"cl. 

l'.,11111;111·, of w.:lnral MVA for l'l'll In 11>'1-I for ··ad1 ,·01111 
try w1·rc ha"·tl on rc:gr<·'""11 c1111a111111' w hll"h n•111.1111 r ii>!'. 
a)!)!ll"j!all• ~I\" A. J;1)!J!l·tl own.,c.-lur M\' ,\ a111I pn'<ht<"lln11 111d1 
n·s as i11d1·Jl<·rukn1 \·;mahks. Rt"grr"1nns ;ire: 111·1fr11111.-d lhlll)'. 

clclbll·d "·,·1r1r;1I MV A \ ;1l11r' l<c"1il' ar.· Jh1•11 r1•1·om ,·11.-.t 
11110 i:urr<·ru clnll;1r fi)!lll't''· Th1•,c.: ""<I oral MV ,\ 1·,11111alt"' ,,. nc 
t"1111,fr;11n<·.t In lw n >ll~"lr:nl w llh 111,· ,·11rr,·spon1h11g pow lh r .1!t• 
ol ;1ggrt·gar1· MV,\ 

Thi· 1-'rou. r!i 1.11,·, of 111.11111f;wlur111;.: ·.·ahu· ;11ld1·d 111 ~x 111 
1hl\ln;1I hr.1nd11·, for lhc pc: nod' l'l'>O In I 'l'l-1 u. c·r.· 1''"1<"< rnl 

.\ .. l 



uni~ lo< .a '-'lll('k 111 1211,·ounlnc-.. :\~am. \"anoth -1oun.~ anJ 
1 ·:-..11x) <""lllllJh.·, IH"fC:- U'<-J In llll('fll\C:- lht:- •"0\"('f~(' of lhr 
J.ara Th,· f,,.-,_,-;i,I' ;ire:- ta;."-.1 nn c-.Unut<°" nl lhr ..-onlnhu11on of 
tu.•• '"mronc:-nr,· tm 1hr J..,,._-nJ..-n..--r nf rho: "CXlnr nn 1ht:- o·.rr· 
.ali ,-.;.,1101111-.· ,11ualhm 111 th,· ..-ot.ml~ l."'l'fC"''<"\I m r..·nn' ol 
< il>I' "r '.\!\".-\; ;in..I •l•i th..· "'·1or·'r<-.:ifo: lime:- h.:h;au .. ur 
C:-'l"'"'"..,I m l<"rm' nl a lJ!!·'>tm.:lurc:- ol 1ho: \alll(' ;aJJ..-J of 1hr 
"\.C.."l.:tur_ 

l'I lu.11 t:'.urc:-' an· r<11urtrJ f•>r nunula.:1uring \ah....- aJJc:-J. 
One:- '' ha....-J un 1h..- iw11onal t11':"l11c:- ao.-..:nunl' J..-limli•m ;anJ lht:
"dk."r on Ilk" mJtNnal ..-c:-n'u' Jdinll1on. Tilt:- main J11frrrn.."C'i 
;ire:-.'"' 1ocluJ,-J in rho: nalinnal in..·om.: ~..-nunh fi!!urr hul 111-.C 
mduJ •. -J m !he:- 1nJu,1rial ,·c;-n'°" figurr i' a..-li\·i1~- of N;ahli~
nk"nh u. uh Ir" rhJn 'onr 'r<-.:llh:tl numh..-r ••i .:mplny~. 
I~ pi.-aH~ 5 "r Ill. hu: the numt>.:r 1' nnl fixL-J a..-m"" counlric:-;: 
r b • m rho: mdu,ln;i! .:c:-n'°" r.a.:h ._..,.1ahli·Jm1L"lll " ._.,>n.,it.lrrrJ 10 
hr C:-t!ho:r inJu,mal •If non-indu•m1al and all ;K"ll\"lllc:"' ft>r lhc: 
..-,1ahh,hm<."1ll ar.· 'mularly dao;.o;.jfi..-J whc:-rra" m lho: national 
m.:nm.: a.:••llmlmg iram.:w•lfl nulpul '' d;a.,,.jfic:J ;L" inJuslnal 
ha...:,I on rlr nalun: oi 1hc: prnJu..1. 

The:- 1nJu,1nal cc:-n'u' Jara mduJ..- 1h.: r.xc:-ip<s for anJ rx

duJ.: rho: ''"'' ol mm-inJu-;1.-1al a.:11\ ili<""-
h>r lurtlk.·r inlormal•••n n:fL"f lo /n:1·m1lli,.n11l P.rn>nmrt·n

.J,ui""·' fi1r lnd1u1rial St.11i.t1i.-.<. S1a1istical Par<-r.. S...ri<.-s M. 
:-.;,, ~S. Kc:-\. I f 1 · mr..-J '.\a111m'i puhhc:-at1on. Salc:s !"n. 
un xv11.x1. 

'I Th.: figure:--. unJc:-r !h<: 11.:m ··profilahihry .. arc J.:fin..-J a-. 
r.111 ..... ,: 

ln1crn1<.-.ha1.: mpul = I flO. I gros' oulpul - \·alu.: ;iJJc:J Ii 
~f"'' ourrur 
Wal!C:' anJ 'al;mc' = I 011. ~ wai:•"' anJ 'aiaric' I/gm" ou1pu1 
Opc:-ra1111i: -.urplu' = IOO. t \alu.: aJ.k-J - wai:c:" anJ 
,;1lartL"' ~ !!r"" ou1pu1. 

I 1 l. The: 11<:m' ··rmfi1all1h1~ ·· an<I ··pflldocli\·11y·· arc a\cragc" 
.i-.·r-•" all hr;m,·hc,_ .:11.-cpl 1ha1 only lh••-.C l>r;tndlc:' w..-r.: in
dmlt.-.1 lur "h1.:h ;111 lhc r.:•1••ircd dala 1 !!"'" tllllpul. value 
;11l1k"\L w;•l!•"' ;md 'al;1ric:'. and c:mploymcnll were a\·ailahll.". 
Wh,·nc:h·r ;n.11i;1nlc: 1hc:- numll<·r nf po:-r"'"' cni:ai:c:-J wa'i U'it"d 
lor rite .-akul;uum ic" rh.: numl>cr nf cmplnycc,. 

I I. h •r 1h,· i.:;1kul;111on oi lh•: ,,ru,·111ral imh.-.:' ;m<l lhc \·aha.: 
"' tJ 111 1hc:- .l1.1i:r;nn :>I in,1u-.1nal •m11..-111ral ..-hani:c. \·aluc-aJJc:-d 
li)!urc:' 111 I 'l'lll 1l::ll.ar.:d pri..-.:' were u,c:J. 

The ~-.urr fur ..in..1ural ..-h;an~. 8. '' J..-tinal hy: 

.. -.. s 9 = 
~ '.m ·\II II 

where ',Ill '' lhc." -<han: of lhr Hh hra111:h m l<IUI naanufa..1urmg 
\·aluc: aJ.l.:J m lhc: year I. 

Thr \"all.I(' 9 ..-an h.: in1rrprctc:J ;i'i lhc an!!lc hciw<.-cn 1ht:- l•t• 
\a.11..-.. \II - I 1 anJ -<,Ill mra'lurc:J in ~rr<."'i. 

The lhr<lfc:t1c:al ma.umum ,-al ...... of 9 1s ~I Jcgrrcs. 

I~- Thr ill.'11• -\I\',\ grow1h r.atdB- i'i Ill.: i:rowlh r.alr of rral 
\"alue a.t.ktl r~ J.:gr.:r of "'111<."tur.al chanp: hciwttn po:nud .. 
t-l;anJc. 

13. Thr Jc:-gm: of spc.:ialilalion is J.:final ;L"' follow-.: 

I\· In"· 
h = 1111-11 + _. ----) 

"-
wh..-rc \ j, J..-t: ll<--<l a-. aho\"c: ;anJ It_ = In I numh..-r nf 1-ir.aochc'i l 
anJ In '" lhc natural lngar1111m. 

If ti~.: share' of all hr;mdk."'i arr c:'lfUal. 1hc: J..-!!r« of 
'pc.:1ali.:al1t•n <-"\fuals II. If only onr hraoch rlli,ls. lhc \"alu.: 
j, 1111. 

Summ.zn- of inJi.-.1tors 

Ina \·a!u.: on~1na1ing from nallonal acc:ounrs sta11suc' 

le m l'JMO constanl pnt:<-~ 

le ~liimlnl hy l :!"llXl/PPl>/IPP/Cil.O 

If f1lfcca-.1 hy l'Nll)()IJ>PD/IPPIGl.O 

no \·aluc availahlc: 

\·alu.: j, k'is than half a unil 

n.a. not a\·ailahlc 

(}uc:-.1ion' .:111t.:c:rnin!? the prcparauon nf Jara can he dir..·.:1.:11 
In ll(j{j(11 U!lill>OI ur lJ(i{j(11 AWl(T:'lil>21 lhfl"uj:h dcclmnii: 

mail 1nc1w11rk BIT~ET rcspt.-Cll\"c EAR:'li1. 



Regional classification or countries and territories: 

Country or terrttory 

AFGHAN!STAN 
ALBA NU 
ALGERIA 
ARGENTINA 
AUSTqAL[A 
AUSTRIA 
6AMAlllAS 
BAHRAIN 
BANGLADESH 
BARBADOS 
BELGIUM 
BELIZE 
BENIN 
BERMUDA 
BHUTAN 
BOLIVIA 
BOTSWANA 
BRAZIL 
BRUNEI DARUSSALAM 
BULGARIA 
BURKINA FASO 
BURUNDI 
CAMEROON 
CAN.ADA 
CAPE VERDE 
CENTRAL AFRICAN REPUBLIC 
CHAD 
CHILE 
CHIN.A 
COLOMBIA 
CONGO 
COSTA RICA 
COTE D" IVOIRE 
CUB.A 
CYPRUS 
CZECHOSLOVAKIA. ~ORMER 
DENMARK 
DJIBOUTI 
DOMINICAN REPUBLIC 
ECUADOR 
EGYPT 
EL SALVADOR 
EQUATORIAL GUINEA 
ETHIOPIA ANO ERITREA 
FIJI 
FINLAND 
FRANCE 
FRENCH GUIANA 
FRENCH POLYNESIA 
GABON 
GAMBIA 
GERMANY. EASTER~ PART 
GERMANY. WESTERN ?ART 
GHANA 
GREECE 
GUADELOUPE 
GUATEMALA 
GUINEA 
GUINEA-BISSAU 
GUYANA 
HAITI 
HONDURAS 
HONG KONG 
HUNGARY 
I CELANO 
INDIA 
INDONESIA 
IRAN (ISLAMIC REPUBLIC OFl 
IRAQ 
IRELAND 
ISRAEL 
ITALY 
JAMAICA 
JAPAN 

:~aian s~oconti~ent 
Eastern E~rooe ir.c!. for~er vSSR 
Nortn Afr~ca 
Latin America 
c~~er Qeve:ooea countr;es 
western Eurooe 1rnc~str'a'izec1 
Latin America anc tne Ca~;o~ear. 
~esterr. Asia 1Near East1 
Ir.Qian Suocontinent 
Latin America 
western Europe IIr.austr;alizecl 
Latin America ar.a tne Cariooean 
T~opical Africa 1Suc-sanara1 
Nortn America 
Ir.Qian Suocontinent 
Latin Arr.er ica 
Tropica: Africa 1Suc-Sanara1 
Latin America 
Asia East ara Soutn-East. Oceania 
Eastern Europe incl. for~er USSR 
Tropical Africa 1Suc-Sanara1 
Tropical Africa ISuc-sanaral 
Tropical Africa 1Suc-Sanara1 
Nortn America 
Tropical Africa ISuc-Sanara1 
Tropical Africa (Suc-Sanara) 
Tropical Africa 1Suc-Sanara1 
Latin America 
Centrally plannea Asia 
Latin America 
Tropical Africa tSuc-Sanara) 
Latin America 
Tro~ical Afrtca 1suc-Sanara) 
Latin America 
iNestern Asia 
Eastern Europe incl. former USSR 
western Europe f Inaustriatizeal 
Tropical Africa (Suc-Sanaral 
Latin America 
Latin America 
North Africa 
Latin America 
Tropical Africa ISuc-Sanara) 
Tropical Africa ISuc-Sanara) 
Soutn-East Asia 
western Europe (Inaustrializeai 
western Europe finaustrtalizecl 
Latin America ana tne CariCCean 
Asta East ana Soutn-East. Oceania 
Tropical Africa ISuc-Sanara) 
Tropical Africa 1Suo-Sanara) 
western Europe ( Inaustrta1 tzea1 
western Europe 1 Inaustrtatizeal 
Troptcat Afrtca !Suc-Sanaral 
Western Europe 1Soutn1 
Latin Amertca ana tne Cartccean 
Latin America 
Tropical Africa 1Suc-Sanara1 
Tropical Afrtca ISuc-Sanaral 
Latin America ana tne Car1ccean 
Latin America ana tne Caricoean 
Latin America 
Soutn-East Asia 
Eastern Europe incl. former USSR 
western Europe 1Inaustrializea1 
Inatan Suoconttnent 
Soutn-East A~ia 
western Asia 
western Asta 
western Europe !Inaustrtat 1zea) 
western Europe 1Soutn) 
western Europe 1Inaustr1a1 tzea> 
Latin Amer1ca 
Japan 

EI 
I ... , . _:.. 
•JJt 
I:;-., 
I ~A I 

I WA I 
I :"\I 

''-"'' 
j ::-.1 
I :..J.I 
I TA I 

I "\A 1 

' : .. 1 
I :_A I 

I "l"A I 
I :..A I 
f AS I 
1EE1 
i TA I 
i TA I 
I TA I , ,..,,. , 
I TA I 
I ".'Al 
I TA I 
i!...J.' 
! '.JA I 
I LA l 
I TA I 
I ;..A I 
I TA I 
i LA l 
i "A I 
I EE l 
I E'll) 
(TA I 
I LA I 
(LA l 
iANI 
t Ll I 
i TA) 
I TA I 
tASI 
IE"< I 
tENl 
I LA I 
tASI 
I TA l 
f rA I 
I E"OI 
I E"01 
( r A I 
IES1 
IL.Al 
ILAI 
I TA I 
!TAI 
I L..A I 
I :..A I 
I LA) 
I A I l 
IEE> 
I E!'l) 
f IN I 
IASI 
IWAI 
(WA I 
!ENI 
1ES> 
IENI 
(LA) 
f JP l 

J.- •• 4 

.:.- • ·4 

.:.- g 
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AUSTRIA 

tnO\olstr>O struct..,,.OI CPIO~ 

(lndC'• °' vO'uC' odcte-d t980• 100; 

Jiil 
J7: 

\ I 
\ 
\ 

J6 

-·- ,.~ 

GOP: ·na.c: •11ll·0t1s of •98C·:IO<Tars 
Per cao•ta · T980·ccllars· na.c 
fll¥>uhc:tun~g snare 

MANUFACTURING: 
value added /~a.: :wti:1or.s of' '980-ao~Ta,.s• 

tn~St'1a1 pro(ll;ct•on •nC!e• 
value ac:aecs "D1il1ons :Jf :o~·ars· 

:iross outPut ••l'•ons 'Jf :!()liars• 
E.mpTo-vment triows~nds 

-PROFITABILITY: '" ::e•cent ~f ;ross outPut · 
rnteriwea1ate t~out '•' 
.. a;es ~d salaries '"C~~c::1:"1; supeltmeints • ·~· 
Gro~s oce~at niq suro l us 

-PROOUCTIVITY: · :ro 11 ars · 
Gress output I -or.er 
'la Tue aacsed / .or•e,.. 
,..,era;e •ac;e · nicr~d,,,; s ... ootesents 

-STRUCTURAL INDICES: 
Structural cnange 9 5-~ear average •n ae;rees 

JS a percenuge of a•erage 9 1n '970· "F5 
.. ~, ;ro•tn rate e 
Degree of spec•al •zat•on 

-VALUE ADOED: ""'I! •ans of QOT!ars · 
:i !1/2 ~ooCI ;:roa..crs 
3 1 3 Bever ages 
314 rooacco proaucu 
32 t re•t Ties 
322 •eartn9 agparel 
323 .eat,.,er ana fu• oroell.cts 
324 •oot .ear 
33 1 lfOOCI anCI -ooCI pro~c ts 
332 ~urn T!ure anCI f • •tures 
341 Paper anCI caper oroc..cts 
3•2 l>rtnt '"ll ana OuOl •Sn1n9 
351 :~oustr1a1 C"et0•ca1s 
352 Ot.,er c,.,eio•cal proaucrs 
353 Petroleu• •ef •ntrtts 

q - , 6• 
f - 11 O• 

3Zt + 322 

1980 

76882 
10'83 

29 ' 

2 138• 
TOO 

P987 
5•666 

82• 

66339 
25579 
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' 18 
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0 •9 
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'752 
U' 
807 
90, 
512 
63 

223 
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6•5 
726 
563 
53, 

35• 11hsce11aneo~s perro•e.,11 ano :oa1 oroC!tJcts 
80 
35 
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28 I 
63 

355 ~uDOer proe11.cu 
356 Plut •c oroaucts 
361 Pottery, c~·na anCI eartnen.are 
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369 Otr>er non·qtal •1nera1 oroauc:s 
371 tron ano steel 
372 'Ion-ferrous '"•U'S 
381 Metal oroaucu 
382 'IOn·eltctrical •acn•nery 
383 E'ectr1cal 111ac,.,•nery 
384 TransPOrt 1au10111nt 
385 Profess•onal ana sc•eni 1f •c 1au•o111nt 
.~9a Ot,,er "''"u'actur '"9 "'1'1i...St" 1il!s 

A-12 

2U 
89• 

'225 
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'5•2 
!765 
1515 
9'3 
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-J •f 
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75 77 79 11 13 I!: 17 19 91 93 95 

Year r O"'f'Cc5·5 

- - - - - Sov"'Cf' ~Qh\)tl'OI A.:cOurttS 'Stat.st-::~ ,,.()IT' ur.. /IJN5,: 

- - ~."-: E st 1mu!N ~ u,..,oo_,c:iPG :"1?i:i -'G1.:: 

1985 

23001 
I 12 

'5 !08 
•5i59 

793 

67 
23 
•O 

58531 
22905 
133'2 

• 99 
91 

0 23 
'J 2 

1'72 
380 
725 
557 
353 
•5 

157 
298 
733 
509 
626 
58• 
398 

72 
27 

200 
215 
•2 

237 
72• 

1055 
241 

Tl 70 
1502 
1'72 
., 1 

lU 

!JO 

19'10 

gs39, 
12578 
2' 2 

2PC• 
'37 

36828 
·cs~:· 

--~ 

! 35 !18 
569•2 
309•1 'e 

lC86 ·e 
•91 .'e 

'•91 
1•56 
619 
·oo 
23 T 

698 /f! 

2C30 e 
1282 ;e 
15C9 le 
1301 .• 
919 e 
507 
6• 'I 

576 ii 

559 '• 
'" 1e 
5!6 

16•6 
2'9' 
518 

3035 
•052 
•3'3 
222• 

J27 It 

3'' /! 

10 .• , 

l.2t 

75 n 71 81 13 IS 17 19 91 93 95 
Year r orrc•J5!5 

Mon""'octur•r.c; Shore-'" COP. curr.nt focfO" pr (t 

31.01 
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».21 
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I 
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llANGLADE~H 

lndustr10! structuro1 Cl"IQn~ 

(lndt'• of ... oiur OCde'C 1980= tO•J; 

381 
37~· •• 

i 

I 

I 

q - 2 69 
' - i J 36 

l\p'~"" 1980- 198~ 
1985- !990 

FORECASTS 1990- 1 99• 
0oSf'yeo,. t 990 = l 00 • • 

GOP: 'na.c ""' 11'ons of T980-aol tars. 
F'er cacita · t980-ao11ars• /na.c 
'ilanufact<Jr""rngshare 1;(, Ina 1current 'actorpr,ces· 

MANUFACTURING: 
value aClcleCI 1na.c , '"i 1 hors of 1980-ao11ars · 
Industria 1 oro'll.lction 1nae• 
value aaaed 1.11111ons of ac11ar~1 
Gross cutout 1 •1lli?ns o:' aollars• 
E1WDloy111ent 'thousanas1 

-PROFIUeILITY: 1 1n oercent of qross cutout> 
Ir.termed1ate tnput < '1.1 

,.ages ana saiaries inctuainq suoplements ':: 
jross ooerat1n; surcTus 'z~ 

-PRODUCTIVITY:· aot !an1 
Gross outcut / worker 
value aaaea I •or~er 

Average .age 1 1nclud•ng supplements 1 

-STRUCTURAL INDICES: 
Structura1 c,.,a,,ge 9 1 S·vear avera;e 1n degrees 

as a percentage of averaqe 8 '" 1970-1975 
MV• grO•t~ rate : 9 
Degree at spec1a11zat1on 

-VALUE ADDEC:1mi!l1ons of aol!o· ;1 

J1112 Food products 
3 13 Bever aqes 
3 u rooacco prooucts 
321 Te.tiles 
322 ,.earing apparel 
323 l.eatner and fur oroducts 
32' Foot •ear 
331 wooa and •OOd products 
332 ~urn I ture ana f 11ture5 
3• I Paper and caper croaucts 
3'2 Printing ana publ15n1ng 
351 [ndustrial cnen11cals 
352 Otner cnem•ca1 products 
353 Petroleum rer.neries 
35' 111sce1 laneous petroleulW and coa: products 
3~5 ~ubber prooucts 
356 ?last 1c proaucts 
36! Pottery. cn•na and eartnenware 
362 Glass and gtiss proaucts 
369 Otner non-metal mineral products 
371 tron and steel 
372 >ion-ferrous metais 
Je 1 !Itta 1 products 
382 ~on-electrical micn1nery 
383 Electrical •~c,,·•,rv 

38• Transport equ1i;ment 
385 Profess•onal ana sc•ent1l1c eau•cment 
.390 Otner •anufactur1n9 •n<:'•iHr•ef 
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15806 
179 
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1479 
100 
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12 /e 
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6. 86 
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11 
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65 
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1794 
557 1e 
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92 

0 21 
25 3 
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23Q 

8 
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7Q 
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7 
35 

13 

t 7 '• 
t8 
!Q 

"""UGI 9rowtt1 rate1 of GOP a"d M'"· 
(Co"oton• I 911Q prices) 
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•I 
I 

~ 
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75 77 79 ,, 83 ·~ 87 89 91 93 95 
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1 985 
I !3 

T TQ7 /@ 

3Q25 1e 
522 le 

6' te 
18 :e 
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5' 15 'e 
1972 .'e 
1035 :e 

5 t5 /e 
59 'e 

0 23 
27 5 

Year 
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7~ 77 79 8 • BJ S~ 87 89 9 I 93 95 
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9, /t • 
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11 1e 

22 le 
13 le 
tO te 
2 ;e 

29 ;e 
tO te 

8' 1e 
;e 

1 .1 

'1 . I 
I __ _______...: I 
~---r-~. ~ 

75 77 79 81 ll ·~ 17 19 ,, 9J 9~ 
Yit0r 'orecosts 

118 
66 
6 

1e 1 ~ 1ndu5tr1ol prodvcf•O" 1nd~lll' ( T980= 1001 

le 
3 /e 
4 te 

/e 
:e 

I 
tl4l 

12 le 118 
29 le 

;e 
15 /e 
!3 /I 

30 it 
23 ,, 

/t 
It 
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I 
8fi• I 
10~--- -----~·--· .-·- - -·- -~--T ' ___ .. 
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IOUVU ---------- -------------------
lfto.J\l.str1QI st ...... ~t"'O' cno""'J't' 

~ 1t·~e • f!ol ""°"t OddC"d T 9-ea • ? 0\:. 

Je· 

-·· 

GD,: '"a.: •1"'·0,..s .:' ·gao-~T:a'"s 
:ter C:iie'!il ·~o-oc~ :ars -a.c 
_,.,.~JC!..-rTPiq 51°",ar-e 

IWIUFACT\JRING: 

JI!: 

vatwe acJl:Sed . .,a.c: •1'l'.:Jf"IS cf '980-~~lal"'s 

:~c..str•at C'"'~O...:t tOf" 1nQe• 

•.aT .. e 1acea •!\T•:>ns cf aai?ars 
~css ~~C\.lt s1 t ~ 'ons o' cc T tars, 
E11111oyeent :'"Cusras' 

-PROFITABILITY: ·• ;:ie•:ent of ;ross :iutc-..t · 
:.,ter9iltC'ate .,.out ... , 
·~ iara sa'ar·es .,.,c~ua~,,:; succt~ts 

:iross oceriat~ .. ; s .... ~:r ... s ·~· 

-PROOUCTIVITT: :IC'~ irs, 
4'"'ots c-... tcwt •Or"e" 
·1a,1 ... e aaaea : -or•e'" 
1 .. era;e •il9! n,C':.i.e:·n9 Si...DO'entr-ttS 
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IU.NUFACTUAING: 

¥a1ue aaoea "a.c 11•il•ons of 1seo-c1o11ars· 
:,...austrt•' cr:Jductton tride• 

1a·ue ~aaea "''Tltons of oottars· 
'.jross output ••ll•ons cf 0011ars: 
~"'0 ! o·,,ttent ' t"OUS~CSS' 

-PROFITABILITY:· •n oercent o• gross out~t • 
:."!ter"'ea1ate f,,Dut ·. ~ • 

•a~s a~d saiar'es •nciuding SuOPleooents •~· 
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-PRODUCTIVITY: ao 11 ars. 
~ross cutpUt ~r1ter 

"w.aT..ie ~aaea ; .or•er 
•.era-;e •at;e ·nclud1ng suooie:tents' 

-STRUCTURAL INDICES: 
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m ~rolrss 1oea 1 and sc · '! .. ~ ·' ·: fQu • .;:."'ent 
19(1 Ot°'\'!I"" 1',lr•;'~ct··I"""''': ... 'l·.s• .. , ,.., 

A-J<i 

1280 

I 1733 
tu• 
17 8 

2072 
100 

•289 
3571 

112 

6• 
•5 le 
20 ,, 

3 !623 
11,1• 

5C92 ie 

12 ~8 
221 

0 91 
17 2 

29• 
96 
,5 

13, 

20 
7 

5 
JS 
28 
02 
•O 
25 
go 
29 

• 
25 
3• 

7 

9 
tOC 
25 

5 
93 

' 59 
21 

2 

i 
I 
I 

··l 
! 
: 
! 

Ii 
I 

I 
I 

2~ 

i 

-·~ 

' 
' 

Aftltyel I""'"°' ratee ot COP ond MYA 
(Con•l•n• t'80 pric .. ) 

GD~ 

MVA 

7~ 77 79 •• 13 ·~ 17 89 9t 93 " 
Year ror~o:sts 

~-:-:::-_ So1.1rce- liltct•ono• Acc0unts Stot•S~•'-'S ''"orr UN/\Jl'llSi: 

- -. ~.-. E st·mate-o to)' UN100 /P~ . .'1PP /\;:_(! 

1985 1920 

t3C•O 1•383 
1399 1357 
19 3 2• 2 

2219 2278 
110 127 

1322 860 
•379 393• 

97 I 12 

70 78 
13 9 
·a 13 

•5072 3SOa3 
13606 7666 
5677 3106 

8 85 6 •• 
!62 118 

-0 23 0 25 
16 7 19 7 

n8 228 
65 33 
17 

1'6 95 
15 10 
6 • 
7 6 

18 16 
23 9 

• 1 3, 
j5 27 
32 17 
76 75 
38 37 
1• ' 
29 T7 

57 •2 
15 7 
15 8 

101 60 
56 •9 
IQ 

78 " 7 J 
58 32 
23 22 
g 3 
5 3 

1e ,, 

/e 

(;JP Poi!~ COO•tO ~ 1 000$:. : 
····,~-----..------------

i 
1.Ut 

i 
i 

1.l61 
I 

I 
1.111 

I 
1.261 

t.2•'-1 ~-~~--~~~~~--~ ..... ~~~"" 
75 n 79 11 13 " 11 as '' u t5 

Year r oreco!ts 

Mor-:ufoc,ur•"'<t snore-·~ COP. currf'"t factor pr (•) 
30.o.,.....:----'----'--:..:....-'-----,--..::....~ 

···1 
t6.0"-~~--~~~~~--~~ ....... ~~.--J 

7~ 77 79 11 IJ I~ 17 19 91 IJ 9~ 
Yeor "CYtcosts 

60•---···~-· 
7S 17 79 81 '' as ,, 89 91 9} IS 

Y1nr 'ri,_.,.. t')'>' ~. 



EGYPT 

lrt4ystr101 strwctw'O• cr:on9• 
(lnde-• ot YO•ue- odcte-C T98Qs tQC, 

JI!' 

)• 

GDP: ria_c !Wt' T •:::r.s of T;ao-~T i.ars 
~er c~1u t98o-~; tars. na.c 
qnufacturtn9 sna,..e · ·,:.. , n~ · currtr't factor or1ces 1 

"ANUFACTURING: 
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371 Iron and steel 
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MANUFACTURING: 
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Gross outout · ''" t I 1ons of dot tars 1 
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Gross output I -oroer 
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-STRUCTURAL INDICES: 
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•' • 

75 77 79 81 83 85 117 1!9 91 93 9~ 

1990 

5206' 
5873 
!6 1 

9996 
182 

!2032 
'1513 

763 

11 
n ie 
T2 /e 

5U30 
1577~ 

9182 te 

5 34 
11 

0 95 
21 3 

397 
200 
394 

'801 
2455 

38 
35 
38 
66 

275 
877 
64 

153 
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1ncvst,.t0t sfr"'c'"'"o1 c:Po;;on9• 
:ind~• ot -oiue addN ?9eGs YQO, 

J!!' 

J4 

c;or.. r..a.::: :w1P·ons cf ~980-::or!ars· 

:ter ~ac1ta · T98:'.J-aoltars .n.a.c 
lil~ufact· .. ~1r; snare ~, ,,a curre!'lt factor ortces 

hANUFACTURING: 
;a!oe aaaea <na.C 'lft1ll1QnS Of T980-aO!larS 
r .. austr1at proeuct1on "'lde• 
va·ue acaed '!'I•, 11ons of ao1tars1 
:;r~ss 01.otput m111 !Qr.s of 0011ars • 

E:"o'orment tf"tousanasi 
-PROFITA8ILITY :< •n percent of 9ross output 

:""ter"'eaia.te 1nout ;~ · 
•ag·:s and sa 1ar1es 1nclud1ng 51.JCPlrments ·%· 
;,.oss ooerat1'19 ~i.iroTus Z· 

-PRODUCTIVIT':': ao 11 ars: 
~r:iss outcut •Orlfer 
Ja~ue ac:ded , ~or•er 

A .. er a;e .age · tnc 1ud1 "" succ t emeri ts· 
-STRUCTURAL INDICES: 

St"JCtiJra! cnange e 5-·;ear a...,erage ~n t:iegrees' 
as a perce~tage of avera9e 9 '" 1910-1915 

M'wA Qr"O•!M r-ate 1 9 
:eree ol spec1a11zapon 

-VALUE ADDEO: m11:1ons of ao11ars• 

3 • • · 2 •ooa P'Jaucts 
3' 3 Se•er age~ 
3'4 iooacco products 
32 1 ie~ t' ·es 
322 wearing apparel 
323 1.eatner ano fur proaucts 
324 •oot•ear 
331 •coo ano •ood proaucts 
332 «;rn 1 ture ana '• •tures 
3•: Paper ana paper proauc ts 
342 Print •ng ana puOl 1sn1r9 
351 :noustrial cnem1ca1s 
352 Ctner cnemica I proaucts 
353 Petroleum •ef1rer1es 
154 "41sce11aneous oetrole•,m and coal croaucts 
355 Ruccer proauc ts 
356 Plastic proaucts 
361 Po~ter;, crnna dnd eartr<.f.!l'l•are 
362 :;1ass ana glass proaucts 
369 Ot"er ron -meta I m 1nera1 products 
311 :ron anei steel 
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1~1 "eta! proaucts 
Ja2 •1c,n .. e1ectr1ca1 ,,,acM1roer"; 
383 E!ectr1ca1 macn1nery 
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~10 :t""er ""ariu'actv'"'"'Q 1r"1u5t'"''!i 
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ICELAND 

lndustr'°' structuro1 CP'lartlf~ 

(tnde• of volue odd~ 198Qz 100) 
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~, ,_ 38~ 

q - - 2 27 
~ • TC 00 

M~y ~'OI' 
T98Q-1~8~ 
l98~- t99C 
T99Q- T994 

GOP: na.c ·~·II ions of !380-dol lars 
Per ca,Pta T980-do?tars· ,ria.c 
tilanu~acturtng snar@ ~ • 1na ·current factor ortces.1 

MANUFACTURING: 
Value aCICleO :na.c ,.,111ons of 1980-aottars· 
!ndl;striat ~rodl;ct1on inae• 
value acaeo .,.,111ons cf :io11ars1 
Grass output m1TT1ons of dol?ars, 
Emc 1 oy11etit · tnousancs, 

-PROFITABILITY:: in ~ercent of gross output' 
tnter11eclTite TnClut 1~1 

wac;es anc sataries •nctua:ng supplements . z, 
Gross ocerat1n9 S1Jrptus , 4 

-PRODUCTIVITY:, co 11ars1 

Gross output I "°'°'' 
va11.1e accec I •Or•er 
lverac;e •age · 1nc1•.1c1n9 supple:11ents 1 

-STRUCTURAL INDICES: 
Stri.;cturat :nange 9 S-;ear average •n cleqrees 
as a percentac;e of ;iver;igc B 1n 1970-1975 

WA growtn ra!e I 9 
Oei;ree of scec 1a1 • zat 'on 

-VALUE ADOED:·m•ll•ons of :lOllars· 
J t ! 12 ~ood products 
j 13 Bever ac;es 
31' Tocacco ;iroaucts 
321 re•t•les 
322 
323 
324 
331 
332 
l41 

342 
35 I 
J52 
353 
354 
355 
356 
361 
362 
369 
371 
372 
381 
382 
J83 
384 
385 
390 

wearin9 apparel 
1.eatner anc: •.,r products 
Footwear 
•ood and •OOd ;:ircd1.;cts 
Furn' t·.Jre and 1 • • t1.tres 
Paper anc cac.er proOuC!S 
lo'r·ntt1'19 anCS CuDl 15n,n9 

Inoustrial :nf'tl•cats 
Otner C"e•icat prooucts 
Oetro:eu• re~ •11er,es 
11nsce11aneous cetroleu"' arid coai oroaucts 
lluccer crooue ts 
"''•St,c prod~C!S 
Pottery :n•na and urtner .• ;ire 
Gtan a"d ;1ass proo .. cts 
Otner non-•et;il 111rera1 arooucts 
Iron ;inci steel 
Non-lerrous 11eta1s 
14eta1 croaucts 
N()n-eleCt"tCal macrur-er'1 

Electrical 11acn1ntry 
rr an spar t eciu 'omen t 
Proless•otial and sc1ent1l1c eou1c•ent 
O~ner "''"ufaetur ,,,~ •n1•.1!-tr1t!S ----
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INDIA 

lr • .JustrtOt atrwcturOf C"0"9t 
(Ind«• ol votue added t98().,l00) 

J8T 9• !> •J 
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,_ 1906 

PT JeJ 
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/ 
]5 lll4 

JI ... 

'~~ ' ' 
321+)2~ 
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I 

I 
I )~J .. ~24 3~J·J5• \ 

J~ T +,J~,: ~! . ..., 
34 

1980-1911!>~'00 

198~- '990 
FORECASTS 1990- 1994 

GOP: -'"~.c "' 1 t •ans ~f '980-aollars 
P~ cactta ?98Q-oo:tars 1 '"a.c 
l!Qnufac:ur nig snare , ~ • ,·na , C:OJrl"'ef"t Factor or tees) 

MANUFACTURING: 
1a:ue aac:ed 1~~.c ••TT•ans of •980-dCT'a•s: 
:r-austrtaT proauct1on ·nae• 
11atu~ aac:ed '"' t t •Of's of act tars· 
::iross cutt:ut •"l•ens of cat'ars. 
E"D'ov111ertt trtous~as, 

-PROFITABILITY: •n ~ercent of ;rcss Owt:>ut, 
:ntermecs•ate '"Cut 4' 
•a;es and ntaries •nctua1n; sucote:::ents •~ 

~ross ccera-: '"9 s~rcti...s · 4 
-PROOUCTIYirY: ~ot:a-s• 

Gress outout / -or•~r 

'ialue aaded / -or11e!"' 

1 ... e,..ag;e .. age 'tnctuc1n9 succ'ements) 
-STRUCTURAL INDICES: 

Struct .. •a: cr.~n9<! e s-,ur av'!ra;e •n ae;reesi 
as a cercenu;e o' av'!ra;'! e '" 1~70-19•5 

WVA ;r~wtn rate I 9 
Je1ree o' 'oec1a1 ,z~tton 

-VALUE AOCEO: 111.tt•cns of aoltars• 
3111 2 ~ace croo.cu 
3 • 3 8evera;es 
31, Toc•cco :irca..c1s 
32T ~e.11tes 

122 wear on9 apgare: 
323 Lu111er anci f~r prociuets 
32' ~cct .ear 
33 t wood and .cod croa..ct• 
332 ~~M' 1ure aria f • • tures 
3, 1 Pager a.oa paper proouc1s 
3'2 Pr •r>t•n; attd CuCI •Slltn9 

351 [n""'"'at cnM•cais 
352 Otner cne.,,ca t prad;cts 
353 Pttrcteu• ref•"t"ts 
l5' 111scet t'1!eous cetrot"'• anci coa: orociucu 
3!5 ~cooer croouc1s 
356 Plast•c prociuc:s 
36• Pottery, c111na ~d "'"l"en•a•t 
362 Glass and 9tass orcciucts 
369 Ot.,.r nan-.. ut "'"tra1 orociuct: 
371 !ran a.od stHI 
)72 ~-ferrous ~•1a1s 

381 Mital products 
387 ~an·etectr•ca1 ~acn•"'!'y 

laJ Eltctricat 111acn•nt•y 
38' TransQCrt tQU•Plfttnt 
385 Pro'tss•onal and sc•e"t"·c ew•Plllfllt 
390 Ct11for "l"•1factur·n9 '"1"s:r•es 
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6992 
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n /e 
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7' 
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22,026 
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17 9 
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82 
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7 59 
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0 68 
•6 9 

1'36 
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2135 
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73 

7 
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T 1'6 

3" 
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27 
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T TS 
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I T8 
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INOOllESIA 

lnClustrllQI st~uctu-"'QI Cf'lct"'4)• 

{W.C~• of"'°""«" odON 1980• tOQi 

GDP: '"a.~ u1••crs cf ''ii0·ao1:ars 
oe~ c,.,•ta r;au-001l,ar-s· ,..,.c 
'9anuf'Kt~r•r; s .. a,.e ! !"!ii r:ur-r-e""t fact.:r- cr·ces 

MANUFACTUIUNG: 
·.;a?1..e ac:c:ea 'ra.:: ,.,:T -:ns o' !%C-oc!~a!"'s• 

!"'llUStl'"'!aT crc=...ct ·on !""c..?• 
'l,atue a::sc:eo ~.,P,cns o' :cT~a ... s 
3r:iss outout •·t:·::ns of' c::ol!.ars 
E110' o._...,t t!"!ci..s.-as, 

-PROFITABILITY: ·n :ercent of ;ross 01;tc:ut 
Int~..Uratt •""cut 
•ac;es M'C satar•es . .,C,:JQ!r.; si..co:~ents ~· 

:ir"OSS ogerat•n9 SIJrQ!ws 

-PROOUCTIYITY: ac ! : ars 
~ross out:>ut -crier 
\j,afue ~ , .or-~r 

,..,.!'i-age •a;e · •"'lct.,.du"; s:..co!.-ents · 
-STRUCTURAL INDICES: 

St• ... ct .. ral cnarge a S·~Hr a•erage 1n ~•!!!!S' 
as a c:er:entage ::f a•e•age 9 ,,, •;10-19:5 

W& :;ro•t"' rate / Q 

C!!Ql"ee of scec•a?1za:•'" 
-Y~LUE ADDED: ,..;:·O"s of ::c?!ars 

311,2 F,oc: crodl.icts 
3 1 3 8e••' i;es 
3'' ~ooacco oroa..cts 
321 T~•t"es 

J22 wear·""9 accaret 
:: 3 ~ea!,..er 11"10: '"'' ;roaucts 
12• Foot-ear 
J3 1 •ooa ana -ooa or :a..c ts 
332 ~urn 1 t Jre aria '' • tuf"'f1 

:l' t "acer ara caoer :iroa..cts 
l,z p,.,,,t.,,; ~o ouo· ·S!"tTl"\9 

351 !nauSt• a: crr•11:a:s 
352 Jtr1r :,.e-::a: D•G<!Ucts 
353 P'etro'.tvlW ref•ner•es 
35• M•scet t•reous cet•oltJ• an'1 ~oa• cr:ic.cts 
~~S Ruocer gr'JC..C!S 

356 "IHt•C groa<.C!S 
J6t P:ntrl/. c,,, .. , ¥1d e41rt ... .,,.,,, 

362 Gtns ara ;tass o•oa..cts 
l69 Ot~•· non·"1tUI ~•reral oroa..cts 
J71 [ron ,,.., steel 
372 l'IOn·•t•ro.,s "'e1a1s 
38 t lllU 1 oroe!Uc !J 
382 11rtM1·1:eetr'c'1 ,,.,C,..,f"le .. , 
383 E'ectroca• "'""'"''' 
33' Tr•nsoort eau•o.,ent 
385 l'roltss•ona: ara sc:en: •"c IQu'P'"en! 
390 ~~P"'11tr ""'"u'''=t"Jr'"'J '"'1~~'''f':; 
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lfteluS!r>Of atr.,CI- C"Oft99 
("'<I~• ol~od<IM 1'80•100) 

CJ - J J1 
·- 16.16 

J6 
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_; 

J4 
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\ 
\ 

GDP: ·"a.:: ·stt?tans of '980-de! us 1 

Poer c~tta t980-~' !arsl .tna_c. 

323•12• 

~'act;.ir-rng sr.ve : :rra e..i.rrer.t t'K!:lr ;:>rtc.H; 

MANUFACTURblG: 
vatue- :na.: •Tl!•ons~f !980-ootTars• 
;,,~strtat or\JBJctton t!'ltte• 

vaT~ aoaea •,!,~ons cf aoTT,ars 1 

Gross autout · e.t t •ons ;;f c:onars 
E"Ctoymert tr-ousaras · 

-PllOFITAIILITY: 1n Qe1"Cent cf ;r-oss au:ciut · 
tnterwedtate tncn,.t ": 1 

•a11H ancl satar1es 11•cluc11n9 suoot-ts :t1 
.;rcss Ol)e!"at1n9 surotus .,, 

-PllOOUCTIVITY. :sonars 1 

Gross ~tout ! o0nr 
Vat..e 1ac:ec1 i o0r-er 
a.erage •1911 '·nc;:,.o•n9 suDOl...,,ts, 

-STllUC:TUllAL INDICES: 
Str..c;t,ral Cl'>ange 8 5-,ear avera;c 1n cie;r-ees> 
as a oerc:enuge of average 9 1n !'170-1975 

WA ;ro•t" rate ! 8 
Degree of soec 1a1 , up or. 

-VALUE AOOEO: •t I: ions of ao t l ars · 
3lf12 Fooo orOcluc:ts 
JIJ Beverages 
JI• T:icacco D"O~CtS 
J21 re•t•:es 
J22 wear 1n9 agpare: 
J23 LHtl'er ano lur pr~ts 
J2• Fcot-ear 
331 wooo ano -ooo proclJcts 
332 Furniture 11'0 f ,.tures 
341 Pacer ano oaoer :iroca.~u 

3•2 Print 1n9 itlCI PuDI 1sn1n9 
351 !n~str•al cnf!11:a1s 
352 Otner c;n..,1c;al grc;o..cts 
353 Petrolf!Ull refineries 
J5• 1111sc;e11aneous ~trol- anG eoa: orOc1uc:s 
355 "vooe~ aroc.cu 
J58 11'1 Ht IC p•~C!S 

361 ll'Otttry. cn1na ancs tart"enwart 
362 GT ass ano ;Jass pro~ts 
369 Otr1er non--u1 •••e•a1 o•o~eu 
371 tron ano st11: 
372 NOn-ferrous •eta 1 s 
381 llltal orOcluc!S 
38~ Nor'l·'liltectr 1ca1 .•ac""'"'', 
J83 Etectr•cal •at"'"''Y 
J8• Transoorr tl)J'Dl"fl"! 
385 ll'roff1ss•ona1 ano sc·rro ''' tl)J•O>Oent 
'.190 Ot"'ft' •lfl•1faet~·,..,.~ ·~1~ s:,. ''' 
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IRAQ 

I ""'st~ 'SfP"uC! ..... ot CP'IO~ 
("'d~· or ...oa...i~ Odct..:t t980• t00 1 

Je' 

'• 
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/ 

GOP:.-~.:: ~·•'·="s =• ·gao-::c:·ars· 
:»~ :aoTta •gao-eg!:rs· ~i1.: 

,., 

va.~l.t'a:~-"'-"9 s~,ar'~ ·. ..,a =;J:"",.~t •1etor :::1r ·cH 
MANUFACTURING: 

11,a· .... e a.:cea "il.C •r':'!~cr$ c~ ·;ao-aoP,ar-s· 

:~i.:..str- ~,a! =r:C;..ct "Cf"1 """et!• 
v,a·,..e ~ •liT::-s :f ~?",aras 
:ir:ss ou~~t .,,.,:l. ... s ~~ ;:a·~,ars 

:"ll··J)_.t ; !l'CUH·"OS · 

-PROFITAIILITT: ·~ ;iercent ol ;ross :J\it:Ju: · 
: .. ~r'le:l·ate ·:""t~t 

•a;es ,_.,a sa:tar·es ·"'lc! ... ~u·g si..Xteeertts -: 
~.:ss ::c~a.t H'9 s_r;:: .. s 

·PROOUCTIVITY: ::c•·ars• 
~:ss CU!= .. t -or1er 
··a· ...e icsc:ea ; -or•er 
'""'"'9t •* . ..,c'w.C•:'"; s...ecr~a 

-STAUCTUAAL INDICES: 
St""wCt~raT C~at";e e 5-,ea,. '"ra;e .... ::eq:'"ffS. 
as a :ercr.-ta;e :Jf avera;e 9 '" ·;10- t975 

Vt'I ;r:'l•'!'~ l"'l'!'e ; 8 
:ern ol scec·a· •u: ·on 

-VALUE AOOED: 11•' '·::"s :1 =u' · ars 
l" 2 •ocCI :)rc=--c :s 
}:l !l!•l'•S 
l'' ·,cac:o :lrcauc:s 
l2' ·e•t·ies 
l22 •H' ·n9 ;a;icar1 · 
121 .Ht"r. anc: •.• :)r::<:-cts 
12& ~oo! .. a• 
ll 1 "Oc:4 at'CI ...00 :l'OC:..C:S 

ll2 ~·.-rntt,..I"'• ,..,0 ''•'!'w:""IS 

l&• P~•· ra caoer :i•:c:ivets 
l&2 ?••,:1•9 ii'<! guc:l•S.,'"11 
:5! :""c:ustr·al :r-e-!ca's 
152 ::"•' cr.,.•ca1 ;ro~cts 
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l5• "'S:11 t,.,.ci...s :.etro'tv• vc t;;,· :,..:iai..ets 
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IRELAND 

lnduStrOCI structural Cft•
(lndlf• d ·-"""" •teO• •00) 

ll• 
J72 382 

}4 

GDI': :na.e .•rt' tons of ;98Q-C1Dl!ars1 
Per eac•ta • 19IO-C1C11tars 1 tna.e 
lllt'ufacturir9 sr.are i1 '"a ·current factor Ot"lCHI 

IWIUF ACTUll IllG: 
va1ue - tna.e ·••lt1ons of •980-oollars• 
tno..str. a 1 Ol"OO..ct 1()11 1noea 
vatue aoaeo ., T 11ons ~f 211!¥s1 

Gross autgut . •1!11ons Qf 001 ta.rs. 
Emoloy_,t · t"Ckosanas • 

-PROFITAIILITY: · 1n percent of gross outc..t • 
tnter•c1tate •nout '%1 
"ICJa ana sa•1rin 1nc;1..c1n9 l..001_,ts · l• 
Gross _..at1n9 sur!)tus I 4 ~ 

-PRODUCTIVITY:• CICll Tarsi 
Gross autout ! -oraer 
vat ue aooeci I -oner 
&ver19e •a;e 1ncTuC1•n1,; s..oor-u1 

-STllUCTUllAL INDICES: 
Str...:tural cnange 8 '5-year averaqe '" ~HS' 

as a gercent19e of average i n 1910-1975 
111'1& gro•t" rate I 8 
Oeqree of spec•al•rat•on 

-VALUE AOOEO: •• 11 rons of aorrars1 
311/2 Fooo groo.icts 
313 Bevera9e' 
31' T ocacco groo,,cu 
32 i !eatt!ts 

32' .. ar•n9 aogarel 
323 ~Htrler at!CI fu,· grCO;CU 
32& Foot .. ar 
331 woocs and aOOd groo,,c ts 
332 ~'Jrn' tvre Jnd f 11t1.1res 

3•T •aoer ancs g-~ oroo..cu 
342 Pr1nt1n9 ancs OUllT 1snin; 
35T tno..str•il ,. .. ,eats 
152 Otr1er ,._,. .. ,eat grQQ.icts 
353 PttrollrUIT ref 1ner •es 
354 111sce1 ianeaus C1ttrolt1.1• ancs eoa1 :iroo..cts 
355 ""-' croo..c ts 
3511 Pras~•c proo.icts 
361 ,l)tttry. C111na ancs .,r,,,.,,., •• 
3112 Grass ancs 91ass prc>o..cts 
369 Ot,,.,. non-.. ur ••ntrar oroo..cu 
37T Iron ar.o st"r 
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38T llf UT gr 00..C ti 
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J7' 

l.~ySt"'lOf Sf"1i1C,W"O' Cl'tO~ 

{tf'l.JC'• ot "°1""eo actctN ~980• TQC~ 

Je· 
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.. 
:--~__;;ia;::~~ ..... ~~~ 
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"•.: ~r ~.IC' :.1 ·;ao-;:o "a•s 
'Q"'w' IC!..,.I" rn; S!"l•re 

KANUF ACT\Jll ING: 
.,, : .. r-,..r"'t 'a.:!O'"' ::r!:es 

._,r~e ,~ ""a.; .. ,·;Tcr.s :f ·saO-~!·ar:; 

:""~S'::"'•a.7 Cl"'!~C!"Cf'" ""'"C!e'• 

•a' .. e ~ ~,~:-~s :~f :oT',al"'S 

~:ss O-...'!::ll,,.! ~,~··7s :f ::c··,ars· 
;::"ll · o,,.e<'t t~O<.Uf'CS 

·PROFIHIILITY :· ·n cer:ert of ;•oss 01.t::...t 
:"'"":t:t"'~·i1'!e """O\.l'! 

•a~s ra utar·u ··c· .o,•i; s.;c'f!Oe"ts ·, 
:;r oss :cei-at• ·9 s. ·c · .s 

·PAOOUCTIVITT · :c' · a•s 
j,l"'~SS ~'!C\..t -c,.-lll'e* 

•,a 7 ... e i:cea -0"'" er 
~-•·.1;e ·• ··~·.a··; s.cc·~rts 

-s;RIJCTUllAL INDICES: 
Si: .. -.ct ... ri1' = .. r-Qe 9 ~-,~,ar a"'t"'•;e '" :e;rtts 

,as ' :e,..:~t'c;e :t 1.e ... .iqe 9 .,_ ·;1::- ;;15 
W.& ._,..,.!,.. ... ,":e 9 
:eqrn :i' sc-.~,,· ·z,a~·-:n 

-v.i.Luf ADO ED: ,.. ·"ors o• :c · · ars 
l' • 2 •;ea c•:c:..:ts 
l '3 ae.e•a;es 
3 • 4 ";ca::;i er :cue!$ 
~:! ·e•t•ies 
H2 -e.1r · n9 .1Cc.1•e; 
1':3 >.ut•er ara '·' :•:a...::s 
l2' •oot-e.1r 
ll t wooa ir '.J ..:;a :roc:..;:s 
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3, 1 P.1Cer ara =-• prooucts 
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lnOwathOI at .. ucturot Cft:o"91 
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liD': i"i.c: ·•1 l1 •ens of 1980-001 iars. 
P.,- c:ac11ta • 1980-C1C11lars, /n~.c: 

JllJ 

9• -160 
• - 12 J9 

... 

J;;:l+J22 

1910 

_.,~fac:turing snare •Ii /na 1cur-r1rtt factor l:ll"•C:ts, 
llMUFACTURDiG: 

vai..e added /na.c ••ll•ons of 1980-CIQllars' 
Inellstr•al Ol"OOIC:t•O'I •naea 
vaiue aoaeo '••" •ons ot CIQTlars 1 

~oss outO<lt ·.•• 11 rons of CIClllarsl 
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JAPAN 

•"4Ustr"OJ ~t,.-..c,..,,o, C"0"9" 
J lftd~· of YO&u~ Odded 1 MO• T J()) 
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lllan\jfactur~nc; sn.a,.e :!"'a. C:.Jl"'r'ff"t 'Kt:)r O'"'Ces· 
IWIUF AC TUR ING: 

•alue aoaea na.: "' '. l •o.•s of '980·ac1 :•rs· 
rroc:ius:-r-·at pr-:'1tctron ,,,ae. 
vatue ~ ·•1!ttcr.s cf ::20:~a'"S' 

;iross aut:>ut ,.,tt,cns of eonarsi 
EJOO 1 aymen t · t "OuSat'CIS • 

-PllOFITAIILITY: '" ::ercent of ;rou outcut 
:nter..a' ate ·ncut 
•a;es ancs satar,es ,,,c!uCti"'tc; sucotesents -~. 

~r-css ocerat?"CJ surc!us ·.~ · 
-PROOUCTIVITY: :iot:ars, 
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GDP: 1na.c: ·•"I •Of's of T980-Clallars • 
Per c:ao•ta · 1980-oallars> ;na.c: 
Manufactur1n9 snare 1 41 1na . cur,..ent factor prices) 

MANUFACTURING: 
va1 .. e - /na.c: ·••ll•ans of •980-C1al1ars1 
lnoustria! proo..ct•an •naea 
va111e aoaea ·••ll•ans of :!Cl!ars> 
Grass autgut · '" 111ans of aonars > 
Ello 1 Qyllefl t • tl'lClusanas, 

·PROFITABILITY:·. 1n percent of ~ross autgut1 
lnter.a•ate tnPut < 4· 
"ages and salaries 1nc:l11d1n9 SUOOle9ents , 4, 
Gross aper at 1n9 s11rp lus • 4 1 

·PRODUCTIVITY: 1:le11 ars , 
Grass autPut I -or-er 
va1..e aaoeo i oar-er 
Avera9e ·~~ · 1n~~:..:-:~ri9 SuOOil!1lel"ltS) 

·STRUCTURAL INDICES: 
Str1.1ct11ral c:Pla~ge 8 S-year average '" CleQrees 1 
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WI Qf"C•t" rate I 9 
Oeqree of spec:1a11zat •on 
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1980-1985~'00 

1985-1990 
roRECASTS I 990- I 994 

GDP: lna.c 1•1111ons of 1980-CIOllars> 
Per cao11a i 1980-CIOllars • 1na.c 
lllnufactur1n9 sriare • '' Ina •current factor pn:esl 

MANUFACTURING: 
•alue adOeCI /na.c ·••:!tons of 1980-C10llars1 
lr.1Ustr •a 1 prOQICt •on 1nele• 
value aclCed •••ll•ons of oollarsl 
Gross output ·••TT•ons of CIOllarsl 
Employ_.t 11nousanos1 

-PROFITAllILITY:<1n percent of ;ross output> 
tnter118<11ate '"°"t 1 ll 
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·s• •O 
'<H9 
·2gu 

1803 
• ~ tC 

7~ 7; 79 81 8~ 8~ 87 89 " u 9! 

1920 

S9tl5& 
'z·:ia 
2 T 5 e 

'5298• 
•22 

25.:sJc 
576765 

'785 

56 
e 

2l . e 

: -89•5 
52306 
253 ·a e 

2 26 
55 

) 93 
1 2 2 

~':.:ZS 

5620 
2:!6• 
6995 
•582 
529 

'25• 
3 •95 
•526 
79&J 

•9538 

··~g· 
'4826 
•398 

144 

<;st 
a2~• 

'•5• 
2018 
8979 
d:50 
2759 

••936 
2993 t 
222•~ 

28805 
361' 
21~2 

12· 

, .. 
10• 

9• 

I'•• 

99· 

Teor ; O"~':'ls•..,. 

75 77 19 a· 8l 85 87 ., 91 u 95 
'""' ~ l)f'ie:asts 

75 17 79 11 IJ 15 17 89 t· 'l 95 ,..,, 
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__ UNITED ~~!!~.J!~~MERIQ_ _______ ----------------

lnC\.l,t,.~! st y..;turot cno~ 

! ~d~· of wolu~ odctN t99C• "C"(. 

r. 

GOP: na.: "'"•ens of '930-:a: :ars · 
0 er :ao•ta. ·9ao-:io1·a·s· •a.: 

Je: 

1111¥':1...fac'!>..lr-r.; Sl"!are . '"'a c:.i.r~~r fa,c!o~ c,..·ces 
MANUFACTURING: 

var:..e a~ .. ra.c 'l't!t•ors of ~980-~TTars· 

:"'-:tJStr•al pro()..ct1::in ·'"'IQe• 

-.a: .... e aa~ec •r!T·cns :Jf ::lQt'at9's· 
~r''JSS Ct,;tOut 111Tl1:)n5 ::f !OTTars 

E"ll!O~'"ent tnousanas • 
-PROFITABILITY: 1n ~er:el'!t of ~ross out:iut · 

r~ter"'edtate rnput :~' 

wages .,,a sa1ar1es 1nc'· ... .;3ni9 succ!etnef"!S 
Gr;:,ss acer attn; 5yrp 1us 

-PROOUCT~VITY: ao•lars 
:'.ir':lSS OutpUt ,' •Oraer 
'watue aOded .' -or"er 
Average •a;e ,nc' ... O"'"~ 5..,,cp1e,.e:its 

·STRUCTURAL INDICES: 
Str ... cturaT ='"'.,,c;e a 5·,ear a.,,erag:e . ., ::eqre:es · 
as a ~erc!!"tage of average e ·n '970- '975 

W1 1r:•tn rate I 9 
Degree of special •zation 

-VALUE ADDED: "' 11 •ons Jf 001 r.ars · 
Jn. 2 ~ocd procucts 
3 r J 9ever ages 
Ju •ocacco proai.cts 
32' •eat•les 
J22 •ear' ng appare 1 
323 ... eat"e'" ano ''J,.. :lrcaucts 
32, ~cot-ear 

331 -ood ana -ooa c•ocucts 
332 ~·.Jrn1t.;re ar.a l•11tl.lres 
3, 1 ?aper an:l caper ~roducts 
34Z ?r•nt1nt; ana Q1;C'.•tn1n9 
JS! Z:idustr1,a1 cr1e11,:,a1s 

352 :H,..er c~em1ca1 P'":ducts 
353 ?ttro1ev111 rehne••es 
35, ti11scei taneous pet, o!ei..1'11 and .:oa1 c,.::c:ucts 
lS5 R1;ccer pr~cucts 
356 Plastic proaucts 
361 Potter1. cn•na ana ur•~en•a•e 
362 Glass ana ;•ass croa .. cu 
369 Ctner non-metal '11•neral proaucts 
371 Iron and steel 
372 NOn·lerro1;s meta's 
38• weu: orocucts 
1a2 NQn·e•ectri:a1 macn•ner, 
383 E!ectr•:al "acn••er 1 
384 rr an sport eciu 1 pmen t 
385 P"'ofess1ona1 and sc11!"f•l•c eo1.;1c,..ent 
190 lltner 11arula~1.,r··? ···-.~·•·'5 

1980 

2535'70 
· ·ao• 
l T ' 

~59899 

'85709' 
•3210 

96673 
.too:s 
'" 

53•60 
''o!O 
5'60 

23030 
·91ac 

•S5J 
2950 

'2970 
38•0 

29750 
U390 
35920 
355JO 
230•0 
2670 
3030 

145•0 
12 !0 
6'70 

'SJOO 
3078C 
••HO 
53 180 

'.02160 
7'850 
a 1290 
219,C 
• 2060 

•... 

-l·~ 

1985 

3095550 
T2S37 

·g 6 

59•5" 
• :3 

396J78 
2256992 

17'22 

56 
21 
22 

lJO !22 
57 '91 
27355 

35 
96 

•O !O 
'J 5 

S'960 
'6'50 
'·a:io 
26910 
22 '50 

'570 
2•70 

'5J:l0 
! 3250 
•c3'l0 
7.lC50 
,3350 
5•280 
13a90 
3'50 

:0910 
2• 7'0 

!JOO 
7660 

•gaao 
2•070 
1 lUO 

s1a10 
• !5550 
I 1'220 
! 2&230 
•0280 
I JOSO 

Aftl'P..01 1ro-"' ,.. ... of \iOP ortd MYA 
(t•~ston• 1990 pnces) 

,: 
I 
j 

I! 

7~ 7~ 79 I I U 15 r 19 91 9 ! 9~ 

1920 

j575 ! ·7 

·•336 

" a e 

a• <3•J 
•jz 

· J22C60 
256 '290 

•H;& 

:53521 
75555 
33573 

3 :9 
;5 

0 77 

~ 1;a.ao 
2 I ••O 
2:!560 
3•350 
25•aa 

22 ·a 
'320 

2ca2~ 

'69'0 
s1z:o 

'Cl !SO 
7J•BC 
.; 1150 
22820 
•390 

• J4l0 
37320 

'8'0 
·coao 
23990 
3 !!aO 
·15 ·o 
70350 

1'5050 
',2,00 
!5•~20 

155 ·o 
1~11n 

Year ; c~~.:c~·o; 

/ 

, .. 

75 ~1 79 e· u 85 87 19 9• 9J 95 
Teo.. fO"~':'"S!<:. 

''·" 
18.•~ 

' 
17.0--,......,---,--~ ~~-~----

75 11 79 •• IJ 15 17 19 9' " 95 

'"' 
1""l'~''·O· pro111( t•O"' ,.,d•• : • c;ao = 1 cc .. o~, -- ---

1I6~ 

10•: 
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URUGUAY 

'"°"'•t"'°' struciu"O' cho~ 
(tndc• of wol1.1c oddC'd 19&0• 100 J 

JI!' g - 2 17 
• - 81!2 

J~1 +J~2 
]4 

JJ ... ~. 
1980-191!5 ~·oo 
198~-1990 

FORE CASTS : 990 - t 994 

1980 

GOP: ;na.c ·111'11ons nf 1980-dollOilrs. 5970 
~,,.. CiP1ttl , 1980-aollarsi /na.c 20•9 
Manufacturing snare , 4i /na 'current f;ictor prices' 26 0 

MANUFACTURING: 
V;ilue ;iaaea /n;i.c · 1111l 1ons of 1980-ao 11 ars > 133• 
tnaustrtlll proauct1on 1naex 100 
v;i 1ue ;iaaea 1.,111ons of collars 1 1286 
Gross outPut ·~1'l1ons of aonars: 3302 
E"'lllcyment r tncus;inas 1 160 

·PROFITABILITY:r 1n percent of gross Output I 
!nteriaea1~te rnput ( ~t 61 
w;i11s ;ind utaries 1nclud1ng sue>plcments 141 13 /e 
Gross ogerat 1n9 surplus I~) 26 /e 

·PRODUCTIVITY : I do 11 ars l 
Gross output I .arker 20•56 
v a I ue lldaea I •Ork er 7971 
Average wage '1nclua1n9 Sul)Olemef'tSi 2635 /e 

·STRUCTURAL INDICES: 
Structurll1 cn;inge 9 r 5-year a•erage 1n aegrees> '2. IQ 

as a percen uge of a•er age 9 1n 1970· 1975 123 
WA growtn rate I 9 ·O 08 
Degree of spec1al1zat1on 13 9 

·VALUE AOOED: rm1ll1ons of do11ars1 
311/2 Fooa proaucts 165 
313 Be•erages TO• 
3" ToD<1cco proaucts 90 
321 Textiles 109 
322 wearing ;ipparel 59 
323 Leatner and fur prcaucts 31 

32• Footwear 18 
331 wood and .aod pr educ ts u /e 
332 Furniture and futures 7 1e 
3'1 Paper and paper ~rcaucts 30 
3•2 Pr1n11n9 and puDl1sn1n9 37 
351 Industrial cne111ca1s 20 
352 Otner cnem1ca1 proaucts 75 
353 Petro I eum ref 1 neri es 192 
35• M1scel l;ineous petroleum and coa 1 proauc ts 2 
355 ~uDDer proauc ts •O 
356 Pl<1st1c products 2• 
361 Pottery. cn1na and eartnenware 13 
362 Gins and glas products " 369 Otner non-metal mineral products " 371 Iron and steel 10 
372 --ferrous metals 3 
381 *UI proaucts 53 /t 
382 NOn·electric;il m;icn1nery 15 te 
383 Etectrical macn1nerv 33 
38' Tr;insport equipment 78 
385 P·•fess1ona1 ard sc1ent1f 1c equipment 
390 Ctner m;inuhcturiog 1Mu""'~ 

• 

-· 
-•li 

I 

-20 
I 

1985 

5208 
1731 
27 ! 

1012 
7' 

13U 
3189 

123 

58 
9 

3j 

26012 
10961 
2••8 

1• 61 
1'9 

0." 
18 7 

266 
92 
68 

137 

•3 
76 
8 
8 
2 

•7 
27 
26 

112 
194 

• 
3• 
25 

1 

1 

2• 

" 3 
32 
12 
31 
38 

I 

6 

.......... , S.- ,.tea ol GOP a...i WVA 
cc ... aton• 1980 prices) 

\I .. 
• 

1\ CDP .,,. 
WA 

75 77 79 ., 83 15 17 19 91 9J 95 
Year r or~costs 

. (stomote<t Dy UNIDO/PP0/1PP/GLO 

GDP pe• cop•to ( 1000$,/c 
1220 2.30. 

6205 I 
2005 2.16j 

2• 7 ! 

ml 1211 
a8 

2251 1e i 
5110 /e l.111 

122 /e 

T.7•1 56 le 
11 /e 
33 /e 

1.60 

•1689 
75 77 79 81 8l 15 17 89 ,, 93 95 

le Year F<Yecosls 
1850• /e 
•529 1e 

Monufoctu,.1nq shor~ 1n CDP curr~t fot:tOf pr (~) 

:1 ' • 87 le 
50 /e 

0 32 
16 I 

•07 ;e 25 
178 .'e 
107 :e 
2•7 'e 23 

55 ie 
83 /e 
11 /e 2• 

12 11 

• ,, 
82 ;e " 
51 18 7~ 77 71 11 u 15 17 19 II 93 15 

•S le 
,..,, ~o,ecosts 

110 1e 
23• le 

5 /e 
72 /e 
51 le 
20 ie 
l• it 
37 /I ,, 
19 ie 
5 le 

66 it 16 
15 it 
11 /t ,,j 1'2 it 

2 It 
7 II I 

70 

For sourc11. footnotes and comments 111 ·recnn1c;il notes" at tne De91nn1n9 of tn•s Ann1.c 75 77 79 ,, 83 ·~ 87 .. 91 9} 95 
Year ~ orl!'~OS~~ 
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VENEZUELA 

1noustrt01 structJrol cP'ton~ 

(tnde-1 ot wot"'., oddl"C T980= !t.}C' 

......... J8' 

/ 
I 

I 
I 

i 
J6 

I 

}' 

GOP: na.: ·"'''•ons of '960-ao:iars
Per cmtta · 1980-dol 'ars • na.: 

J8: 
q - J OJ 
• - ':Z •• 

~~facturtn; sriare :.. 1 ,,a 'c-.ir-rent factor ~rtces' 
MANUFACTURING: 

value adcle<I /n;;i.c "' 'l 'O"S of 1980-aollars. 
!rtdustr1a1 croou.ct 1on 1 riae• 
vatwe added !l'1tl1ons of ao1tars1 
(;ross outcut e1ll•ons of dollars• 
E"'D'ov11ent t~ounnds · 

-PROFITABILITY:· •n cercent of ;ross outcut 
~r"lter~1ate l!"tC>f.lt r :: 

•a~s and salar"1es Tr·cl.,Jd1,,o s..icotemen!s 
Gr~ss ocerat'"'9 su.rc~ .. s · i. 

-PRODUCTIVITY: do l 1 ;;irs · 
Gross outcut 
'ia Tt,.;e aacea 1 .ciricel"' 

Ave~age •a;t 1nclydT1"9 SuCC're!'ftentS' 
-STRUCTURAL INDICES: 

St'"t.:Ct~r-aT c.,arge 9 s-.,ear- a .. er-a;e ,,, deg:rtts. 
as a per::ena;e of average a •n 1970-1975 

wa ;rc•t,, rate ; 9 
oe;ree of soec,aT,zat1on 

-VALUE AOOED: '"'!l•ons cl aoi·ars· 
3 ! 1. 2 Food crocuets 
313 Beverages 
3 u 'oD;;icco 1)roducts 
32• ~e•t11es 

322 •earing apparel 
323 '-Htller ana fur croaucts 
324 •oot•ear 
33' •ood ana .cod oroaucts 
332 Furr,, ture ana f '• !ures 
34 t ?aper and oacer pr~aucts 
342 Pr•nt 1n9 anCI PuC! •Sn•n; 
35' tn01.1str1at ::,.,e111ca1s 
352 Otner CllP•cal proaucts 
353 Petroleue rel 1neries 
354 "'•see! Janeous cetruieum ana coal proaucts 
355 RuDOer proaucts 
356 P•ast•c proClucts 
36! Pottery. :nina and eart"enware 
362 Gtass and 91ass proauctS 
369 Ctner non-met;;il •nnera' oroaucu 
371 :ran ano steel 
372 >10n·l1rrous metils 
38 l Meta 1 proaucts 
382 Non-eitctricai •ac11···e•, 
383 £Jectrical ~'Cn•ner; 
384 rransport eau•c•ent 
385 Proltss•onat and sc•!n: ·• •c eou•pment 
·'~ O!Pifllr" "'',, 1Jfactur ,.,Q ''"'jvS!'" ''' 

1980 

!1596 
!QQ 

1U61 ;e 
30213 ·e 

•26 :e 

52 le 
'5 ·e 
33 e 

6266• 1e 
:!OJ! t le 
·~359 ;e 

' 2• 
'8 5 

'•25 / ! 
953 1e 
409 ,, 
43C , e 
348 /t 

51 , e 
191 1e 
105 .:e 
18a 1e 
395 /e 
376 It 

325 ie 

858 ie 

4222 it 
25 't 

151 1e 

39• /e 
60 !e 

i31 , e 
•89 it 
551 le 

256 ii 

652 It 

281 it 

3'5 /e 
605 it 
la /e 
,2 ,, 

' ' ,. 
I 

-·2~ 

1985 

55U6 
3202 
~2 5 

10507 
'0' 

"07' 
30305 

•06 

9 86 
93 

0 ~3 
t7 J 

1597 
836 
591 
505 
359 
58 

1sa 
eo 

"2 
357 
299 
•98 
890 

363• 
30 

188 
3•8 

39 
• 32 
378 
855 
Ul 

503 

2" 
JCl 
•86 

26 
At 

M"~ pv..,. rote• ot COP ond WA 
( Co"stan• 198C pricn) 

.. 
• 

. 
)• 

. \• ...... 

75 77 79 It 113 15 17 89 91 tl 9~ 

1990 

P3" 
: '3 

12!75 
2•128 

•6• 
50 

9 
•2 

5 1 776 
26127 
,551 

16 ~9 
151 

0 '8 
27 0 

'2 !Q 

583 
~73 

291 
'60 
40 
90 
36 
65 

277 
182 
UJ 
662 

'734 
19 

139 
2 !5 

!8 
109 
290 
498 
1aa 
336 
iac 
245 
l'l8 
37 
~~ 

Teor r0f'f'('05~~ 

::~;:: ce# cco t:; , • XIOI •-30------------------

•.04· 

J.71: 

J.~:· 

3.26• 

3.00-~----------~----
75 77 79 •• ll 15 17 19 ,. 93 95 ,..,, 

7~ 77 79 •• ll ·~ 17 ., ,. 9J ·~ 
T•or r O'f: ::>i's 

l.,du~tr.01 P'O<Jv<t•(H'I 1n<ftt• r '9,:1= TOO 
160 ...----

I 

100• 

6C·- - -------·--. --------- -----
1~ •1 '' e1 e! a~ a· 19 91 9S 9~ 
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Growth r.ate <I) /<Q.c -7 .00 
Per CaDT ta ' tn 1980-oo 111rs 1 In~ ~ 26063 l 

MVA: /na.c i ,,.,. •• 111on t9IQ-00111rs, 573 
Growth rate 1 1' /n~. c -8 35 
~factur1fl51 in.a.rt r?i Ln1. ~urr~t grtces 11 7 

CAPE VERDE 1280 

GOP: /nll. c ... et TT!Of'1 t980-oot'1cs U2 
Growth rate 'Z.1 . nll.C :; 32 
Per CilQt~a ·rt 1980-aot 1 J1rs · ·a ~ •90 5 

llVA: lnJl.C ',. ., ll!Qn t980-CIC t • a·s 
Grcwt" r.ate 'Z.1 /rtl.C 7 " Maflufac_!~!"__:_ ... g~~re • :1 ~!>Ll~'.___':'~~~~c~s ___ ' 8 

CHAD 1980 

GOP: /nll.C •r- •1 T!1on 1980-CICt tars' 1005 
Growth rate 'Z.> 1n1.c -1 lO 

Per cacittll · '" 1980-CIO t tars· "'~ii. c 22• 5 
llVA: /n1.c r 1" ••ll•on t980-001tacs1 92 

Growth rue %> 1n1.c -12 00 
~t!!!'...!"S! sn1re [~,Ll!'.l.£Jtr"..f!!'.\..J)r:_;gL_ 10 7 

DJIBOUTI 1980 

GOP: /nf.C ''"••Ilion 198()-00 ! I ••S' 339 
Growtn rlltt '%1 /n11.c • 72 
l'er caottf '" •980-ao 11 ars' /l"'tl c 1116 3 

KYA. /na.c , '~ •1I1 ton 19110-ao 11 ars 3• 
Growth rlltt l" /nl.C 2 98 

tUS 

·sz 
5 57 

'3!9C 0 
98 

2 80 

19§5 

196 
3 69 

TU.I 

10 
12 20 

5 3 

1215 

'115 
0 73 

•8287 7 
339 

-5 •2 
10 0 

1985 

196 
8 53 

50• 5 
11 

JI 07 
5 8 

198S 

80• 
6 86 

160 2 
69 

5 39 

ll 11 1 

1985 

357 
OU 

100• • 
36 

0 •9 

19'9 1291 1Cl'>2 

SP .. !l:! :5, p 

! es 3 ~! ;: p 

. .,37 • U.36~ • ·•s•: :: ·p 

tC! ... e 

' 8' : 3~ p 

1"9 1991 1992 

283 291 3C6 
• 56 2 96 5 00 

'1!6. 7 191 3 t'.!3 6 
20 21 22 e 

21.U ' co 6 JC ·e 
9 7 9 1 - ----- ·-· 

lCJCJ() 1"1 12'.!2 

?778 38•6 ~923 

-1 15 1 80 2 JO 
U150 1 13935 c •37 '5 8 

367 376 ::as e 
0 09 2 33 z '" ,p 

---~-------

lCJCJ() 1991 15'>2 

25• 263 ...: 
• oc J SE : J~ e 

691 2 696 a "'.; : e 

" !~ ·e e 
• 98 6 rs s ;c e 

____ _L~--~---LL'.~ __ 

1990 1921 1992 

952 1017 T':,8 , e 
-2. 70 6 81 ) ~' e 
167 8 17' 8 175 8 .f 

83 68 ;o .. 
_, 90 -18 00 51 e 

~-- _..!~-'-

1290 1291 1992 

397 coc <15 e 
2 00 1 60 2 g1 .e 

971 1 958 5 959 l ., 
'3 •5 ., ·e 

5 10 ( 22 l g9 'e 

~f~.!"'-'!'~J"Jrt .".t!..Jn_f.Cvr•_en: l!' 'CfS .. JJ ________ ~_.!_.lt__ ··-- .. 
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EQUATORIAL GMINEA 

GD': ... ,.:. ,,. •11!,cn T9aC-c:ot 1 ,ar-s 
::ir-:•tl"t r-at11t Z• :,,a_c 
0 e .. :~'~a ~n ~980-:SC: • ,ars · . "'a.::: 

MVA: ·"'a.c •n 111tt'on '930-oottars· 
~ro.tr- ""ilte Z.· /!""ii.: 

1210 

... " 
'98 9 

0 
-3 33 

1'15 

•9 
7 3' 
·s~ 2 

a 
' n 

~ 

t9CJO 

S• 
J ., 

·5· J 
J 

J 30 
3 

1221 1992 

~J 51 ' ·J 3J ·• JO ' ·•s s ·35 a ' J e 
·• 56 -• as ' e ---------------

FRENCH G!JUNA 1992 1900 1215 1990 1221 

GOP: 1 na.c ,rt ., ; 1,on t98Q-aot l.J:l"'S · 

('irJwtri r-ate :,:,. :na:.c 

Per caa1 ta '" ·~C-C%CT ~a.rs 1 /"'la.c 
MVA: :na.c ·n •• i I •an r980-:l01 lars' 

Gra.tn r-ate ~ • , ,,,_c 

18~ 

0 OG 
2649 e 

n 
4 52 

·ss 
3 00 

2356 e 
YC 

z a1 

Zt9 z:' 
2 20 : ,., 

2230 6 z '!i3 5 
,! ·z 

0 •3 ;1 
-~ufa~1.1.~.:.-iare -: In~ cvr!"'ent crn:l!s --------- ----------

FRENCH POLYNESIA 1980 

GDP: 1rii1.c 'tn •tlltart 1;ao-0011ars · T26G 
CirO•!n r~te , 4 • ,na.c -2 93 

Per :ac1ta ''" ~980-acT tars, rna.c 8458 8 
MVA: •na.c •n ., 11 ion T98C·oo r 1 ars • 83 

Gra•!n rate · Z • /na.c I 78 
~ ... fact~rrng Sl"are 7.· 1na curr~t gr·c1s 6 6 

GUAOELQIJPE 1980 

GDP: /ria.c +tn •1TT1on T980-d01 Tars· TJ8i 
Growtn "'•te ·I 1 /na.c ·4 56 
Per ca11TU · rn t980·CIO I T ~rs ' /na.::: •Z40 7 

MVA: ;na.c '" •t Tl 1on 1980-acr 1 ars 85 

1985 

T7!j7 

5 35 
:004Z 5 

:za 
·I 09 

a~ 

1985 

1412 
0 16 

4226 4 
97 

1290 

2<76 
5 !I 

• •C48 z 
'84 

7 tZ 
7 3 

1990 

1873 
5 09 

5459 2 
'05 

19'1 

2Z35 

: '~ 
'C727 g 

'9• 
J •9 

1991 

5435 a 
~ :' 

Gro.tn rate · %> tna.c I 32 J 19 ' 54 J1 
illaf'ufact~r•ng snare 4•_ ,na """ent ~r ce~s~ _ _,6.._,,3 ____ .!..i_ _____________ _ 

GUINEA 1980 1985 1990 1991 

GOP: tna.c i tn 1111tt1cn 1980-oo 1 I a•s · '897 1ao1 2190 2~67 

Gro.tn rate I '.4} /na.::. 5 60 J 89 ' 00 l ~ ~ 

Per cai:nta ''" t980-ao11ars 1 1na.c 425 I ;52 2 381 0 383 • 
MVA: /na.c \ '" •T11ton 1980·ao 11 ~rs 6G 1& 68 ·o 

Gro•t" rate ' 4 ~ /na.c 2 70 JJ 33 2 90 2 3j 

~n11fl!~l1!""SI 1nl!rf I~\ '"I. ~yrr!!'.:t or•£n_ __ _2_LJL - __ LQ.&_. _.1__13_ -

GM IN EA-BISSAU 1980 1985 1990 ..1991 

GOP: /na.e · '" 111ll1on 1980-oo I 1 ars, 151 '" 218 2:. 
Grawtn ra!e '41 /na.c -4 19 -2 JO 3 04 2 ao 
Per cao1ta 1 

'" 1980-ao I I ars 1 tna.e t9J !I 195 1 225 9 221 a 
MVll: tna,c • •n 11111 ion 19,0·ao 1Iars1 12 II 10 '0 

Growt~ rate ( '.() lna.c ·5 09 ·5 95 T 25 0 ., 
__ '!fn11f l1~!11rrng 1nl!r1 · ~i /r"_tl&.C.Y'"rt"\ prrce1 ___ 1 ...LLJ._ __ !_.LJ.t__. ________ 

224 . e 
! •• e 

z·3z 0 ., 
rz e 

Z 26 ·e 

1992 

Z376 . e 
• oo ·e 

'080Z 0 e 
201 e 

5 J7 ·' 

!992 

1904 :e 
I 80 ·e 

5502 5 :e 
105 te 

! 36 ie 

1992 

231& ;e 
2 ca 1e 

:~o J :e 
72 :e 
48 flt 

-·--·- -·-. 

1992 

229 /f 
2 17 le 

228 I 1e 
10 le 

-o !J II 

----- -----



GUYANA 

GOP: ··n1.c IC ., 1t,on ·980-aot 11rs' 
Gr'o•tn rate .. :r-a..c 
?er cm• 11 •n •gao-aot l1rs · 11"!a.c 

MVA: :n1.c T,, ~l !l•Qrt 1930-:IO 11 l•S • 

3.rawtl'\ rate 1: ·r-a.c: 
llilar'u.f a.ctu.r .... g s~ar1: -: ,,,, !i:!:!l""r"l'f"t gr·ces 

HAITI 

GDP: fn1.c: '~ •tlhon t980-ao 111rs 
~ro•tP"i rate ·! ;n1.c 
?er ClD•tl 'n ·~o-ao 1 11rs · /nl.C 

MVA: rn1.c ~ tn •til1on 1980-clo 1 ·11rs • 
i;t-owtn rite !· , ~a.c 
liQnJfact~r1ng sna,.e •'.:' trra ;~rrent gr,ce~ 

KOREA. OE!!QCRATIC PEOPLE'S REPUBLIC 

GDP: /na.c. ,n •1t11on t980-cio1larsi 
:it'Ow!n r11e ·'I. :n1.c 
?tir C1CJ1!1 . 'n l980-aal1irs' /n1.c 

MVA: 1n1.c ,~ •"!Ton 1sao-ao111rs, 
Grow!ll rltf! • 4• lna.c 
Maf!ufactur1~q snare , :; • /r.a current gr ices 

LAO PEOPLE'S OE!!QCRATIC REPUBLIC 

GDP: /na.c 1 tn ~tTl'on 1980-dOl lars' 
Grow!ll rite · 4 • ;na.c 
Per C1Dtt1 '" •980-aoT lars • /na.c 

MVA: 1n1.c ,,, •~ T tton 1980-dO 11 l'Sl 

GrowtP1 rat ti 1 % ' /na.c 
Mattwfa;t~ruig 1rtar1 1 ·~. tri ~urr~t 

LESOTHO 

GOP: /na.c 1.1n .,,111on 1980-dOllars; 
Growtn rate 1 7'\ /ra.c 
?er c;aoiu < '" 1980-dol l;irs l 1na.c 

MVA: Jna.c "" .,,111on 1980-dOllars. 
Gro•tP1 rl!f! 'i• /na.c 

gr,;ei 

M.fnufactur1na snare~;;) tna currtnt or1c1s 

LIBERIA 

GOP: /na.c 1 '" 111111on 1980-do 11ars1 
Growtn rate •X' ln1.c 
?er Cjll)I U I tn 1980-do I 1 ars • fnjl,C 

MVA: /"a.c 11n 1111111on 1980-doli;irs> 
Growtn rate 14• ln;i.c 
~turtnq s~are \~jl.~~.i:rent or1c1s 

1910 1915 ;99() 1991 1992 

591 ·~ cJO ,55 ,9, 
l 66 l :2 -5 zo 5 C6 ' •7 

na 2 S2• J 5•0 5 573 2 5•7 ~ 
6• cs ?9 Z3 JZ •e 

0 76 -3 •3 -16 b7 _, JC n ·s e 
12 1 !J i !5 9 ~ 5 9 5 e 

l'JIO 1915 1220 1991 1992 

tc•7 1365 T38S tJ7? 'H: 
7 JC 0 26 -0 70 -o a: -TC 00 

257 5 23• a 213 3 ZQ7 3 '82 9 
27, 228 220 215 173 ;f! 

., 69 -2 87 -o s• -2 37 - :9 32 ·e 
18 3 0 1lj --- ---------· ------ --

1980 

12730 
9 89 

697 ' 

1980 

•62 
1 70 

"' I 

23 
1 9• 

198Q 

1985 

1985 

661 
9 83 

183.a 
29 

I 99 

1985 

1990 

26618 
5 50 

:223 5 

199() 

903 
9 TQ 

218 5 

3' 
10 10 

199() 

368 395 552 
8 35 3 ,9 3 96 
n' 6 256 s 3 11 3 

21 37 65 
16 00 ' 36 -3 95 

1991 

;:sz3, 
-5 20 

I 139 J 

1991 

9,2 
c JG 

221 6 
38 

11 )2 

1991 

581 
5 28 

318 6 

1992 

ZJ972 
-5 cc 

•:63 I 

1992 

1011 
7 30 

231 2 

" a oo 

le 
:e 
If! 

.'e 
1e 

---- ----·---

1992 

501 te 
3. co /e 

320 3 /e 

_il.__ _____ __!Q__L_ _____ _ll_Q_ _____ r_u_ ____ ------ - . 

l98Q 1985 199() 1991 1992 

917 8'J 812 es1 816 It 
·6 29 -2 02 -1 99 1 70 • 1 24 It 

'88 3 383.' 338 1 333 8 319 • ,, 
11 75 80 83 83 le 

·21. 21 -1 61 •2. 98 3 co 0 29 Je 

_i_L__ 06 6 9 ,, -----···---

For sources. footnotts and CO'"'"ents see 'TtCMTCl1 notes" l! tile Deg1nn1n11 of tn1s Anne• 
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MALI 1710 19§5 1920 1"1 1"2 

GOP: /na.c 1 '" e1 t11on 1980-ao11ars · 1629 "666 2252 22•S 2255 ce 
:ir'awtl"I: rate I I~ ;n.a.c ' 01 -0 :1 2 •S -o t5 0 30 1e 

Per c.ao1ta · '" 1980·\iO 11 ars • /na.c 237 3 2!0 ' zu s 236 9 230 5 ie 
MYA: 1na.c '" •1tl1on !980-:Jct~ars• 71 105 121 :21 iz5 .'e 

Gro•t"' rate • '.t 1 /ri.a.c 1 58 -J '7 5 is 0 27 3 3• e 
~ufK:tur1ng snare 1;· Jn~ current gr,ces ' 3 7 3 !2 2 

MARTINIQUE 1980 1285 1920 1221 1222 

GOP: /na.c • 1r. •tt 1'on 198Q-0011ars' 1u• i191 2•03 2525 2678 !e 
Growtn rate . t 1 1na.c 2 80 ' SC 6. tC 5 10 6 06 le 
Per cao1 ta • 1n 1980-oo 1 I ars • /na.c UIS A 5'13 0 '0•5 6 7383 3 7785. 0 :e 

MVA: /na.c • tf'I •1tt1on 1980-00 l I ars ' 72 79 88 go 92 1e 

5rO•t" rate · Z • /n;a.c ' 8' J C!' 2 3• 2 ~9 : 93 :e 
uanufili;;t~rtng i"arr · i • ,·na CUl"'l"'er'lt grtCl:S 5 ! ··--------

MAURITANIA 1980 1985 1920 1991 1922 

GDP: /na.c ' '" •t 11 ton :980-001 tars 829 87' 1023 1018 !032 It 
Gro•t" •ate • l· /na.c J 93 3 !! ' JO -a so l 39 /I! 

Per Cacltta ; tn 1980-oo 1 tars • /"ii.C SJ' 6 ,9, ' SC5 8 ,99 7 A83 2 ,, 
MYA: 1na.c 1 1n 11ithon 1980-ooJ l;ars' •3 66 89 95 10! e 

Growtn rate 1 ~' :na.c -1 39 7 80 5 JO 6 75 6 28 II! 

l!lan11facturing Sl'lfre • z, /na,c~rrent or1ces 5 6 12 a 12 9 12 0 

MQ!!GOLIA mo 1915 1920 1991 1922 

GOP: /na.c 1 in 11tJJton J980-ool Jars' 1389 1911 237' 207C, 1913 
Growtl'I rate 1 Z' /na.c 3 •3 5 51 ' ., -!2 80 -7 60 
Per capt ta , tn 1980-oot Jars· /na.c 835 0 1000 8 t083 9 919 6 826 5 

MVA: /na.c , 1n 111 l Tton :980-dOJ :ars' 3'7 S15 575 soo •29 /I! 

~rowtP'I rate i %~ /na.c 8 03 3 07 2 19 - 13 20 i, 20 :e 
Man11f;uawring l"i'I · :q L"f ~Y"l:!!l ~r1~e1 29 ~ l2 5 J~ Q 

!!Of!TSERRAT 1980 1985 1290 1991 _ill 

GOP: 111a.c ltll '"' J 1(111 1980-dO I I ars, 2• 27 " A8 •a 'e 
Growtl'I •ate • 41 1na.c 10 22 ' 73 " 06 8 " 0 30 :e 
Per caoita 1 tll J980·ooJ Jars /na.e 2018 s 22• 1 1 1•'2 5 lA~6 J ,.,5 6 :e 

MVA: 111a.e 1 ,~ •t 11 ion t980-dOJ 1ars1 ' 2 2 ,, 
Growtl'I rate 1 % > 111a. c 10 73 0 00 8 12 9 g9 6 28 re 
!!ft111fi1<!11rtng ll'llrf..ill '"f,1<yr•1:!!! l!"!Ell ~ ---"------- -· ------ -· 

!!OZAHIIOUE 1980 1985 1990 

GOP: /na,e < i11 IOtJ I ton 1980-aoJ 1 ars ! 2•07 191' 2308 zjt9 23!9 11 

Growtl'I rate · %\ /11a.e 2 A8 -8 82 J IQ 0 SO :) ~0 It 

Per eaoua < '" 1980-00J Jars 1 1na.c 199 0 139 8 
"' 5 

!U l 1 •0 6 · e 
HVA: /11a,c < ,,, 1111 J J ion 1980-cso 11ars1 759 33• '3• AS: •50 /I 

Growtn rate 14> /na.c 3 25 -11 98 4 •O 3 go · '.l ZS it 

!!inwfi!E!wrir.51 l"lrt \ii L"l.!EY"l!!l "" ~-·· U J /I "9~t___ 
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MTANMAll 1980 

GOP: /na.c: ''" •1ll1on t980-d0l tars• 5851 
Gro•t~ rate 1't1 tna.e 7 94 
Per c_,1ta '" 1980-doll;ars> /na.c 173 0 

MVA: /na.c 1 1n m11 t ton 1980-:lll I 1 ars, 558 
Grc•t"' r .u:e • % • 1n.1.c 7 •6 
llar'lufact~rtnq sn1re i % . /n;a current or1ces 9 5 

NAMl!!IA t980 

GDP: tna.c ; 1n ., t t 1on 1980-c!Ol lars 1 2007 
Growtn rite 1 % i ,na.c 0 18 
Per cap1ta 1 1n t9IO-OOl lar ,,..t 'na.c 1535 6 

MVA: /na.c • "' "' 11 •on 1980-clO I 1 ars > 79 
Growtn rate 1 'tl .'.,a.c -14 65 
Manuf actuf" 1 ng sf'la.rc ~ z' Lna c:urrent gr1ces ' 0 

NEPAL 1'>80 

GOP: /na.c 11n •1ll1on 1980-clO I 1 ars i 1946 
:irawtn rate i ~ i /na.e ·2. 3Z 

Fl'er cao•ta · '" 1980-dol lars> /na.c 131 0 
MYA: ;na.c (tn •1ll1on 1980-c!Ol lars> 78 

Growtn rate i % ' /na.c -8 2• 
llanuf~turtng i'>irl 1 ;1 Lna i;urrent gr1;11 ' ~ 

NETHERLAf!DS ANTILLES AND ARUBA 1980 

GOP: /na.c ; 1n •• 11 •on 1980-c!Ollars> 866 
Growtn rate 14) /n;a.c 4 06 
Fl'er c:ao1 ta 1 1n t980-d011;ars> /na.c 4947. 6 

MVA: /na.c 1 tn •111 ton 1980-dOl lars! 75 
Growtn rate ( '.() /na.c 4 52 
Manufi1<t11rtn51 1nar1 I %l L"i !a!rrent or1cn.__ __ 

NEH CALEOOHIA 1980 

GDP: /na.c (•n 1111l•on 1980-do 11ars 1 1183 
Growtn rate (4> ini.c 3 23 
Per cap• ta i 1n 1980-dO 11 ars l /na.c 84'6. 4 

MVA: /na.e ( 1n 111 IT •on 1980-c!Ol lars) 68 
Growtn rate (%• /na.c 2 07 

!!i!!Yfi!<tW""!I 1nirf n;i L"i 'W"l!lt 'I"'" ~ D 

NIGER 1980 

GDP: tna.c ( 1n lft11l1on 1980-dO 11 ars l 2538 
Growth rate '·I> /na.c ' 90 
Fl'er eao• ta ; 1n 1980-00l lars, /n.l. e 45, 3 

MVA: /na i; ( '" "' 11 •on 1980-clO 11 ars > 94 
GrowtPI rate O:> /na.c 4 68 
!!i!!11fi1,SY""!I 1nir1 (3l L_rta,c;•"t"~""I u 

1915 

7473 
3 zo 

199 ! 
12z 

2 14 
9 9 

1985 

1871 
0 00 

1232.0 
83 

-3 54 

' 3 'e 

1985 

2471 
6 15 

146. I 
101 

-9 86 

' 8 

1985 

829 
-2 07 

4555 5 
73 

2.80 

1985 

1407 
4 87 

9192 8 
70 

2 30 

' 7 

1915 

z,13 
5. 70 

374 1 
100 

8. 25 
7 4 

1990 lll\ 1992 

7238 7335 Ul3 
5 !O I 35 1 zo 

173 7 172 ' 170 9 
7Z1 7Zl 7J• .'e 

7 00 J 27 I ti ·I! 

8 2 

19'!! 19'1 1992 

2156 2:'.19 2241 /e 
6 00 2 9'J 1 oo re 

IZIO 0 1205 9 1179 5 le 
92 

5 91 
~.LL_ ____________ 

1990 1991 1292 

3097 3269 3371 
3.60 5 55 3 13 

'61 7 166 ' !67 ' 
1()5 '07 101 ;e 

2.46 I 16 I 52 /e 
5. I 4 7 {e 

1990 1991 1992 

1003 1022 •012 /e 
6 99 I 92 · 1 00 /e 

5336 2 5381 : 5299 4 /e 
81 83 85 /e 

I 94 2 42 2 11 te 

------------------

1990 

1686 
3.9, 

10035 7 
85 

' !6 

lCJ<JQ 

z53g 
2 80 

341 5 
98 

I 70 
& 9 LI 

1991 

18,6 
9 50 

10796 3 
89 

s 51 

1991 

2675 
1 35 

335. 4 
99 

1 73 

1992 

2012 
9 00 

I 1499 0 
95 le 

6 74 le 

1992 

2718 /1 

I 50 /e 
330 3 te 

101 " 
I 27 It 

For sources. footnotes aro com111en1s SH ·r1cnn1cal nott5" at tne Deg1nn1n9 of tn1s Anne• 

A-119 



!!!!AN 1'10 1915 17'0 19'1 1"2 

GCP: .r:1.c: "'' 11T ~ T tQt' ~sac-~1 :ars 5!96 '1850 ··~· 
,.757 15 790 ·e 

Gro•t"" ,.ate '. r-•.C 6 03 '3 76 9 08 5 JO 7 JO ti 
Per c~·t1 '" '980·ao• 11rs' "'li.C 5991 6 'i533 6 93U 5 9'47 • 9rza 7 e 

MVA: ·l'l.c: t"'! .. ! : ~,on '.980·® 1 •1rs · •5 :•a 339 
3:r"O•t"' rite 1.· . "l.C :9 OS ZJ 39 8 3• 
\Q"••'•ct_µr!oo:q s~•.!...t!~~ ... ,.r-enu..r~::--'-' 0 8 z • 3 7 ' 2 

PAPUA NEW GUINEA 12§0 19§5 1990 1991 1222 

GOP: ,n1.c: r t"1 19tT?t::Jn '980-ac 11 •·s · 2549 Z739 ZS•' 3!!2 3391 
liro•tn rate z. 1na.c •I 91 • 3' -3. 71 i 55 a * 
Per c:ic•tl . !" 1;i&Q-aot l1rs · ·l".l.C az5 9 791 z 1'33 3 785 3 336 7 

MVA: :n1.c: , '" 1111 TT ton 1950-aot 11rs · 2•2 268 239 Z•3 279 :e 
i;ro•tr• rite ' ~~' .'r't.1.C: -3 02 2 ao -" 5• I 50 '5 J6 .'e 
llQnuf ac-t1Jr tng srtare '. ,..,a c ... ~rent gr t~e~ _ :.u_ ___ II a •2. 2 ----- _9_7_ -----~-2_._L ___ 

PUERTO RICO 1980 1985 1990 1991 1992 

GOP: _.·na.c · t!i sdTton t98C-c1ol t1rs • '5956 •8ct2 22793 22793 23021 
Gro•tl'I rite •I.· na.c I 07 a 16 2 00 o oo ~ 00 
Per c~•tl '" 1980·co: 11rs · na.c: •975. 3 5608.• 6549 7 6'73 4 6462 9 

MVA: /na.c · '" :uTtton t980-csottarsi 5793 6552 7851 7899 8032 .e 
Gro•tl'I rite 1 4, ;n1.c: I 04 2 69 -0 23 J 61 • 68 1e 
Mar.ufi~tur,ng sl"ter1: , ·~ ,,, currl!nI st;rtces 37 2 39 2 •O 0 

QATAR 1980 1985 1990 1291 1992 

GOP: /n1.c: '" 11dl1on •980-clol t1•s · 7838 6342 7609 7876 8191 .e 
Growtrt rite · 4, :n1.c 7 TO -3. 91 IQ 50 3 50 4 00 1e 
Per c:IQ•tl '" t980-dol !~rs' :na.c 34077 6 21211 I 2062 I 3 20456 o 20374 6 1e 

MVA: /n1.c 1n 11'1 llon 1980-clo 1 tars• 258 389 598 651 714 ;e 
Growtn ,.ate 17(1 /na.c: 11 2C 3.64 " 61 8 96 9 66 .•e 
IQnuhcturTng so•re '%. na curreni gr 'ces _____l__l_ 1 a -----· --------- -- --

REUNION 1980 !985 1990 1921 1992 

GOP:/na.c 1 H"! 'ft11hon t980-ao1tars1 1999 2455 3008 3120 3267 ·e 
Growtri rate , % ' ,na.c 4 20 3 .i; 4 00 3 74 4 7 I :e 
Per cag1 ta 1 1n 1980-do 11 ars' :na.c 3927 7 4488 ~ 5013 2 5101 o 52'4 3 ·• 

MVA: ;na.c 11n 11t1Tl1on 1980-oo 11 ar,, 13() 217 266 278 289 1e 
Growtrt rate • 4, 1na.c 0 86 l 36 8 90 ' 43 4 09 1e 
Mi!\1,,,factur,,,g S!!.ill_~~~rent pr I Cf$ ____ .!Q..1_ --- § ---------------------- --

RHANPA mg 1985 1990 1291 1292 

GOP: /na.c , 1n 11t1111on 1980-dot tars 1 TT63 1347 1365 1324 1073 
Growtri rate 1 4 • /na. c 6.01 4 " - I 65 -2 96 • 19 00 
Per c1g1 ta • •n 1980-do 11ars1 1na.c 225 2 220 7 188 6 175 9 t38 5 

MVA: /na.c 1 '" '"'"''"' 
t980-cioTTars> 178 202 233 215 

Growtrl rate 1 4 > 1na.c 12 30 5 96 -4 00 -8 00 
-~K1l!!.!~_:._'lJ.....i~~~!•ni ~"'H !~ A --- " i ___!j_L_ ----""'-"'8_.n__ ______ _ 

For sources. footnotes and comments SH ·recnn•cat notes' at tne Dt;1nn1n; ol tn•s Annex 
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SM!QA 1910 191S 1990 

GOP: :~il.C '" .11· i !·on 1980-::a ! ! ;ars • '2 ·cs TC6 
3'-0•t"' l"'lte '~' ·i.e l ·JO 5 C• ., 52 
~!!'" :m' ~a: •n ·3!!0-::011;a,s ~a.c 7•3 ' 56a z 5;:5 5 

MVA: •;a c ·~ .. .it·::n '98~-:icn ;a•s · '9 ., ·3 
.iro•t., '"'l!e ~ ~a:. c -5 ~a ·:i zz -z 
-~~'"9 s~are •;a c.,.,.,..erit :,.. Tas___ __ ,_L__ 'l 3 

S"'!:I T{l!!E .1.NO PRI!KlPE 

GOP: .-n;a.e l n 11' T ~ ~ •:Jn :98Q-:icT T;ars · 
:'.i'"'C•t"' rite - •;a.c 
?er e;ac• ta '" •gao-ao: tirs '"a.e 

MVA: '"'a.r.: T"I 11f1 ! '='°' :980-aol' ;ars. 
:i.'"'C•tl"I rlte .,. :,.a.c 
~,.,u.fa::tu.rt"g sna.re .. ,,a ::~r-,..e"tt 

SEYCHELLES 

GOP: :n;a.e 1n 'Ill fT TC)n '980-CIOT I ;ars 
:iro.~n r--ate ,:'ll.C 

~er c~tta •n 1980-::a Ti ;ars • ~;a c 
l'IVA: na:.c 1n :arlt·on "!80-aa 1 T ;acs. 

G.rowtl"I rate ,na.c 
.~ulactur'"'SI sriare -~, .:na curr-ent 

SIERRA L EgNE 

GOP: /n;a e . '" Gil I •on l980-CI011;ars > 

Gro•t,., r-ate • % : 1na.c 
!:)er cao 1 ta '" '980-aot r;ars · :ni.c 

MVA: 1na.c. ,n 11111ton !980-ao!I a•s' 
Gro•tP'1 rate r 4 1 ,1'1,1.C 

~ufa,t1.tr 1ng snar~ • Z • na curl"'ent 

GOP: ina.c ''" mdt1on 1980-dotla•s. 
Growth rate • i 1 , n,a. c 
?er capita .1n 198~-ao!l;ars·· ;n;a.c 

MVA: /n;a.: 11n ioilt•on T980-C10l!a•s1 
G•owtrr rate 1 Y. ·. Ina. c 

-~ufacturtnq snare 1 ;;1 /na current 

SUDAN 

GOP: /na.c 1 1n lft1ll1on 1980-aolla•si 

Growtrr •ate '•. tna.c 
~e• c;ap1t;a 1 '" 1980-aa 11 irs' tna. c 

MVA: /na.c 1 '" '"' 11 •on t980·ao 11 ars, 
GrowtM rite 1<1 /na.c 

&211g 12115 l22Q 

'7 33 39 
2 59 -5 Ql J a: 

•97 2 J !! ·J lZ• 5 
3 3 3 

0 co -3 7• l za 
Qr tees 7 3 7 z e 

128g 12115 12'JO 

10 15a :97 
.z 55 10 25 6 62 

2JC2 • 2393 9 2807 1 
•1 !I Tl 

l8 zr a " t 1. O• 
gr1cei a o TO 5 9 a 

mg 1285 1m 

758 828 88i! 
3 00 8 53 3 01 

232 l 225 o 21' 1 
55 5• u 

-5 57 . ll 93 -3 96 
gr1ces 7 -~ ' 3 9 7 

mg 1285 mg 

2755 3658 •075 
-2 25 7 91 - I 60 
~t5 3 57• 2 S•O 8 

·~l !Ol 137 
9 17 7 55 0 00 

price~ ___ ,_1 ___ -· ___ li__ _____ .£.LIL 

mg 1215 mg 

7807 -saa 7355 
-3 '1 -2 90 -8 O• 
'17 g 352 3 29: 8 

673 7U 816 
-1 69 -0 25 ' 99 

1991 

• •7 

!3 
~a~ 2 

·9 

' ~9 

122l 

•O 
51 

32 I ' 
l 

91 

1221 

20 ~ 
2 so 

2877 3 
•9 

& 2 I 

1221 

3'3 
2 a2 

2" ; 
H 

o :a 

1221 

3<50 
-n :c 
• '!' 3 

1221 

7'03 
0 55 

285 3 
869 

6 •S 
Man11fac:1wr1n; snare • '.ll...L'!.f..k~.rreni J11'•ces a i ___j_L_ __ .u___ ___ .U. 

For so11•ce1. footnotes ;and com~ents see ·recM•cit notes· it '"' oeg1nn1ng of '"'~ Anne• 

1992 

-5 JO 
5•8 ' ., e 
-o 5• e 

lll'U 

•O e 
a ao e 

J:6 l ·e 
3 e 

T 33 e 
- . ----- ·--------

1222 

205 e 
I 91 e 

Z89l 0 e 
20 ·t 

7 89 . e 

1222 

9•6 :e 
j 5• ,, 

z •7 ! e 
u e 

0 31 .e 
·- - - . - .. -

m2 

3032 .. e 
-7 00 It 
176 2 ;e 

1222 

7551 te 
2 00 /e 

282 7 ·• 
878 :" 

T 05 :e 
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A-122 

SURINAME 

GDP: /n.a.c '1n ., t 11on 1980-CIOt toirs • 
G"o•t" rate · 4 t /na.c 
Per ca.en ta i '" 1980-aollars> /noi.c 

MVA: ,'n.1.c · 1n 111tl1on 1980-:20 t t oirs 1 
Gro•tn ,.ate 1 z) :na.c 
JQnuf.a:tur1n51 stta,..1 1 ti £na ~rrent 

SNAZli..ANO 

GOP: /na.c I 1n •111 ion 1980-CIO t tars 1 

Growth rate 1. I• /na.c 
Per c,1pt•- \'" t980-aat toirs1 /na.c 

MVA: /na.c ltn •1ll1on t980-CIOl tarsl 
Growtl'I rate 1 I> 1na.c 
aunufactur1n51 sttare • 4! Lna ~rrent 

TONGA 

GOP: /na.c ~ '" •1lT1on 1980-dO 11ars1 
Growtl'I rate I 4) /na.c 
Per ca1n ta 1 in 1980-dOl larsl /na.c 

MVA: /na. c 11n •t ti ion t980-d0t tars> 
Gro•tti rate ! 4 l /na. c 
Manufacturing snare (%) l"f.current 

TUVALU 

GOP: /na,c (1n 111111on 1980-dol!ars> 
Gro•tl'I rate !7.l /na.c 
Per caii1u <in 1980-dOl tars) /na.c 

HVA: /na,c ( '" 111 t lton t980-dot 1ars1 
Growtn rate < 4> /na.c 

gr1cei 

gr tees 

or1ces 

Manufacturing sn1re (7.) Lna.current prices 

UGANDA 

GOP: /na.c ''" 111lT1on 1980-dO 11ars1 
Growtn rate (7.l /na.c 
Per cap1 ta ; '" 1980-dOl tars> /na.c 

MVA: /.ia.c ~ 1n 111111ton 1980-dO t 1 ars > 
Growtri rate 14) /na.c 

19!!0 19!!5 

891 879 
-6 57 2 02 

2522 9 2294 3 
1'0 112 

- IQ S2 6 •5 
17 6 12 5 

1980 1285 

5•3 637 
3. 28 2 35 

963 7 959 ' 
102 119 

!I 17 -I ZS 
21 3 15 3 

1980 19§5 

60 90 
IS 81 5.37 
6U 8 938 ' 

3 3 
21.(( 6.26 

6. I 8 2 

1980 1985 

525.0 

1980 1985 

•6'4 528, 
-3 '0 2 00 
35, 0 337. 7 

192 194 
6 10 -9 80 

1"9 19'1 1292 

921 895 908 /e 
- ! 66 -2 8 ! I (3 le 

2 •82 6 Z08t 8 2068 2 /e 
95 88 89 le 

-9 S8 -6 95 I 00 /e 
10 2 9 9 1e 

1990 1991 1992 

836 ass a21 .e 
' 60 2 50 ' OS /e 

1059. I 10•9 6 105• 6 /e 
171 179 189 /e 

7 70 ' '2 5 98 /e 
30 9 il_ _____ . -- ·-------

1990 1991 1992 

100 !OS 107 
0 80 5 30 I 90 

1052 5 1120. 1 "" ' ' ' 5 /e 
2 98 9. 10 6 31 /e 

1990 1991 1992 

1990 1991 1992 

68'6 7130 7379 

' 30 ' " 3 50 
36, 6 366 I 365 3 

333 35, 37, le 
7 50 6 32 5. 7, le 

~~fi't~ring 1111.r1 (41 L"l cyrrl!Jt pr1c~......!...L_ ____ 2_L_ __ -'-'-----· --·----------·-- --

UNITEQ ARAB EMIRATES 1980 1985 1990 1991 1292 

GOP: /na.c ltn ,.,111on 1980-dOt tars> 29629 27036 30375 3265' 33796 
Growth rate 14) /na,c 26 ,2 -z. 39 17 75 7 50 3 50 
Per capt U ( tn 1980-dOt 1ars1 /na,c 29162 0 2002~ 8 1898, 6 19718 3 19729 ' 

HVA: /na.c ( •n 111111 •on 1980-do t 1 ars' 1131 25,7 2'00 2636 2910 ;e 
Growtn rate 14) /na,c 6, 87 -2 20 5. 38 9 83 10 '0 /t 
Manuhctyr '"II snare cq /n_.S_J((tnt QrtCtl 3 7 9 0 7 2 l• ·---·---·--

For sourcu, footnotes and commenrs Ht "Tee11n1ea1 notes' at tht bt91nn1n9 of ""' '""'" 



VANU!TU 

GOP: ;n1.c tn •tll 1on !980-aot tars' 
Gr'owtn ,..~te , ! 1 /l"la.c 
Per cac1u , :n •980-a.l 11 ;ars • n1.c 

MVA: /nil.C ; tl"t •tll•()t'I 1980-dOl l;arsi 
Gro•tn r;ate . "t • ·n.a.c 
litanufacturinq sna:re '~I ,·"a. curref't 

VIET NAM 

GOP: /n1.c 1 1n •• 1 Tton 1980-dOllilrs 1 
Gro•t" rate '7.! /nil.C 
Per cag1U i tn 1980-dOllilrSi /nil.C 

MVA: /nil.C ''" •tllton 1980-dOllilrSl 
Growtn rate <::Cl /na.c 

or ices 

...,uf.actur-1nq snare 1 Il /nt current cr1ces 

YEMEN. NoATHERN PART 

GOP: /na.c qn •1ll1on 1980-clClllars) 
Gro•tn rate t 7.l /na.c 
Per cac•ta t "' 1981J·d0ll1rsl /na.c 

MVA: /na.c i '" •1l I 1on 1980-dOllars> 
Growtn rate •. Zl /na.c 
Manufacturing sllilrt !":t) /na current pr1ces 

YEMEN. SOUTHERN PART 

GOP: /na.c (1n ••ll1on 1980-dollars) 
Growtn rate 1 %l /na.c 
Per cac1til (1n 1980-dOl larsl /na.c 

MVA: /na.c (tn 111ll1on 1980-dOllars> 
Growtn rate IZl /na,c 
'!!l!:!!.!f~!i~l!rtnq 1nar1 'l! Lna s;urr~t gr1s;:11 

1910 

!13 
• ll •6 
96! 3 

3 
Tl 98 

' 2 

1910 

5630 
_, 81 

104.8 

1980 

2779 
6.04 

437. 1 
160 

7 70 
8 5 

1980 

668 
3 68 

359.0 
•8 

-41 12 
§. 

l2§S 

171 
! r: 

1250 6 
7 

I! 23 
3 8 

1915 

77g1 
6 20 

130 I 

1915 

3692 
10 31 
484.4 

295 
I. 46 
12 1 

1985 

892 
-2 97 
'17 2 

88 
22." 

~ 

1990 

185 

' 70 
t t6J 5 

12 

' 9' 
5 9 

l'JCJQ 

9338 
2 •O 

1'0. ! 

199(! 

5'33 
6 80 

59':1 8 
363 

2 gg 
2 

1'CJQ 

918 
6. 79 

368.6 
87 

0 97 

'"' 
•gr 

J •O 
• 173 6 

!3 
'3 •O 

1991 

9899 
6 00 

!•5 3 

1991 

5868 
8 00 

614 5 
398 

9 51 

1991 

9U 
2 93 

368 0 
90 

3 50 

"92 

191 
0 00 

1'38 6 
·5 

13 59 

!0700 
8 ·o 

153 8 

1992 

6090 
J 79 

614 3 
436 

9 67 

1992 

960 
I 66 

363 0 
93 

3 ,3 

e ,, 

le 

te 
ie 
/e 
.'e 

It 

/e 
!e 
/e 
/e 
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