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Preface 

During 1989 the world industrial economy slowed down and there is little prospect that the 
inaugural year of the 1990s wil! reverse this deceleration. Inflationary expectations, renewed 
uncertainty about the price of raw materials, especially oil•, the financial hangover from rapid 
deregulation and globalization arc all creating conditions hostile to industrial growth. At the same 
time, scepticism persists about the benefits of economic and especially industrial growth. It is argued 
that the level of income of a country often correlates poorly with its achievements in social areas such 
as life expectancy. education and health. Such disparities between aggregate income levels and 
indicators of social development arc no doubt present, but it would be false to conclude from them 
that income growth (as against the level of income) is superfluous as a factor in social development. 
Global Report 1990191 argues that trends in income and in social dimensions of well-being move 
together. It is not income but the use to which it is put by citizens and Governments of the different 
countries that explains the lack of correlation between income levels and the measure of well-being. 
Sustained growth in income, achievable, on the evidence so far, only through industrial growth, remains 
a nect.-;sary though by no means a sufficient condition for enhanced well-being. 

Another school of critics of industrial growth points to the environmental damage that could 
result from such growth. As a United Nations agency principally concerned with industrial growth, 
UNIDO takes this criticism seriously. Global Report 1990191 therefore has as its special theme the 
relationship between industry and the environment. In line with established UNIDO practice, it takes a 
hard and detailed factual look at the technical and economic aspects of pollution and explores recent 
pollution abatement policies. Industrial stagnation would be a costly medicine for dealing with 
environmental problems, and it is doubtful whether it would be effective. The truth in this matter, as 
elsewhere, is far more complex than simple sloganeering woulcf suggest. Some industrial proc,.sses 
pollute more than others. as do some industrial products. It is by choosing better processes and 
devising better products that pollution will be controlled, and even the monitoring and control of 
pollution requires sophisiicatcd industrial technology. 

Following the pattern set in previous Global Reports, forecasts are presented for the world 
economy as a whole and for its principal rl!gions. UNIDO takes ::: cautiously optimistic view of the 
prospects for industrial growth in the coming year. Ncverth~lcss, the industrial growth rate of 
developing countries is unlikely to reach the levels of the 1960s or 1970s. The lack of success in meeting 
technical, material and human requirements inhibits many countries from achieving sustained 
industrialization. Global Report 1990191 examines these requirements in an attempt to help policy
makers better assess their strengths and their shortcomings. 

The context of industrialization is changing. Development planning is being replaced by market
oriented liberalization. Globalization of financial markets a.nd the international division of labour have 
created an environment of cut-throat competition rather than co-operation or integratio11. In these 
circumstances, industrial growth in developed as well as devieloping countries looks to the in:iovativc 
stimulus provided by foreign investors who bring money, technology and a dynamic competi:ive spirit. 
This theme is followed up in Global Report 1990191. Beside! providing a detailed account of industrial 
performance in IO regions of the world, it charts the evolutiC'ln of foreign direct investment in each of 
those regions and includes a survey of 13 selected manufacturing industries. 

•This year"• fore~a•I• were prepared before 1he oulbreak of 1hc poli11cal cri•" in We11er:i A•ia in Au1us1 1990. As a rcsull. some of the 
auumption• underly1n1 1he fr>recu,• now •crm unrcali11ic. Hiah oil prices. 1f they pcf\i11 inlo 1991. ·.-rill chan1e 1he level and pauern of 
IJ'OWlh in lhc world economy. 
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The 1980s were a lost decade for developing countries. especially the poorest ones of Africa. If the 
1990s are to offer anything better. they will only do so as de\·cloping ec' ·10mies learn to weather the 
rigours of global c-ompetition and accelerate their learning process. Recent momentous changes in 
Eastern Europe have shown that this has now become the fate of economies thoughout the world. 
The best tools for pn:igrcss will be information. know-how and the willingness to be competitive. 
Global Report 1990/9/ is offered as an aid in charting the unfamiliar terrain of industrialization in 
the 1990s, in the hope that rapid industrial growth may yet again become a familiar and welcome 
phenomenon. 

DOMINGO L. SIAZON. Jr. 

Direc1or-G~11~ral 
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Preface 

En 1989, la progression de l'industric mondialc s'cst ralentie ct on ne pcut guerc comptcr que la 
premiere des annecs 90 rcnvcrscra ccttc deceleration. La crainte de l'inflation, l'incertitude accrue 
quant au prix des matiercs premieres et plus specialcmcnt du petrole*, lcs sequclles financieres d'unc 
dereglcmentation ct d'unc globalisation rapidcs, tous ces facteurs creent des conditions defavorables a 
la croissance industriclle. Par aillcurs, le scepticisme persiste quant aux avantages de la croissance 
economique et en particulicr de la croissance industrielle. Certains soutiennent que souvcnt, dans un 
pays, le nivcau des revcnus n'est guerc en rapport avcc les re~lisations sociales dans des domaines tels 
que l'esperance de vie, l'education ct la sante. De tels ecarts entre Jes revenus globaux ct lcs indicateurs 
du devcloppement social existent sans aucun doute, mais il serait faux d'en conclure que la croissancc 
des revenus (par opposition a leur niveau) n'intervient pas en tant que factcur du developpement 
social. D'apres le Rapport 1990191, les revenus et les dimensions socialcs du bien-etre evoluent dans le 
meme sens. Ce ne sont pas les revcnus mais l'usage qu'en font Jes habitants et lcs gouvernements des 
differents pays qui expliquc le manque de correlation entrc le taux des revcnus et le nivcau du bien
etrc. La croissancc soutcnue des revenus, qui jusqu'a preuve du contraire ne peut etrc obtcnue que 
grace a la croissance industriclle, rcstc une condition necessairc, encore que nullement suffisante, d'un 
bien-Ctre accru. 

D'autres critiques de la croissance industrielle soulignent les dommages a l'environnement que 
cette croissance pourrait causer. En tant qu'institution des Nations Unics s'occupant principalemcnt de 
la croissance industriclle, l'ONUDI prend cette critique tres au sericux. Aussi le Rapport 1990191 est-ii 
specialemcnt consacre a la relation entre l'industric ct l'environnement. Conformement a sa pratique 
etablic, l'ONUDl y examine de fa~on rigourcuse ct detaillee, en s'en tenant aux faits, les aspects 
techniques et economiqucs de la pollution, et y etudie des politiques recentcs de lutte contre la 
pollution. Pour faire face aux problemcs ecologiques, la stagnation industrielle serait un remCde 
couteux dont l'efficacite est d'ailleurs douteuse. Comme toujours, la verite est ici beaucoup plus 
complexe que de simples slogans ne donnent a penser. Certains procCdes industriels, comme certains 
produits industriels, polluent plus que d'autres. C'est en choisissant de meilleurs procCdes et en 
concevant de meilleurs produits que l'on maitrisera la pollution, et la Jutte contre la pollution exige 
elle-meme des techniques industriclles perf ectionnees. 

Comme dans les Rapports precedents, Jes previsions sont presentees pour l'ensemble de l'economie 
mondiale et pour les principales regions. L'ONUDI considere avec un optimisme prudent les 
perspectives de croissance industrielle pour l'annee qui vient. II est neanmoins improbable que le taux 
de croissance industriclle des pays en developpement atteigne les niveaux des annees 60 ou 70. Faute de 
pouvoir satisfaire a des exigences techniques, materielles ct humaines, de nombreux pays ne 
parviennent pas a atteindre une industrialisation soutenue. Le Rapport 1990191 examine ces exigences 
afin d'aidcr Jes responsables a mieux evaluer lcurs points forts et leurs points faibles. 

Le contexte de !'industrialisation evolue. La planification du developpement fait place a une 
liberalisation oricntee vers le marche. Au lieu de favoriser la cooperation ou l'integration, la 
globalisation des marches financiers et la division internationale du travail ont cree une situation de 
concurrence feroce. Cela etant, dans les pays developpes comme dans Jes pays en devcloppement, la 
croissance industrielle a besoin du stimulant novateur offert par lcs investisseurs ctrangers, qui 
apportent des capitaux, de la technologie ct un esprit de concurrenr,e dynamique. Ce theme est 

•tes prhisions de ccttc annec one etc preparees avant la cri~e politique qui a ccla1e en A\ie occidentale en aou1 1990. F.n coiucquence. 
certaines des hypothe•c• >ur le•quellu reposen1 cc; prtvic.ionc. ~emblenl main1en~n1 manquer de reali~me. Le~ prix eleves du pelrole. ~·its 
persis1ent en 1991, modifiercm1le1aux et la structure de la croissance de l"economie mond1ale. 
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developpe dans le Rapport 1990191 qui. outre un expose detaille des rcalis?.lions industrielles dans 
10 regions du monde. trace revolution des investissements directs etrangers dans chacune de ces 
regions ct comprend une ctudc de 13 indus.rics manufacturieres. 

Les annees 80 ont etc unc decennie perdue pour lcs pays en developpcment. en particulicr pour !es 
pays les plus pauvres d' Afrique. Pour que les annees 90 soient plus bCnefiques. ii faudra que lcs 
economies en developpement apprennent a resister aux rigueurs de la competition mondiale ct a 
accclerer leur < pprentissage. Les changements importants survcnus recemmen! en Europe orientale ont 
montre que tel est desormais le lot des economies du monde entier. Pour progresser. !es meilieu~ outils 
scront I' information, le savoir-faire et la volonte d'etre competitif. Dans le Rapport 199019 I. 0.1 s'est 
propose d'aider a reconnaitre le terrain pcu familier de !'industrialisation dans les annees 90, en 
esperant que la croissancc industrielle rapidc redeviendra un phenomene familicr et bienvenu. 

Le Directeur general. 

DOMINGO L. SIAZON Jr 
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Dpe11;aCJioeae 

b 1989 ro11y TeMRbl pocra MHpoaoro npoMb1W11CHHOro npoHlBOJICTBa 13MCll!lHJ1HCI.. H aepollTHOCTI. roro. 'ITO B nepBblH 

ro1111acrynHBWero lleaITH!1eTHll na TeHllCHUHll HJMCHHTCll. Heae!1HK3. OlKHJlaHHe HHcpnllUHH. BHOBI. BO'JHHltWall Heonpe11e

JICHHOCTI. B OTHOWCHHH UeH Ha Cblpi.e. oco6eHHO Ha H.:ct>Ti. •• lf>HHaHCOBl.le TJ>YllHOCTH. BWlBaHH:.le CTpCMHTCJll.Hl.IM 

COltpalllCHHC:M rocy11apcraeHHOro perynHpoBaHHll H pacryuteit rno6aml13UHCH. - ace lTO COlll3eT He611aronpHllTHl.IC 

YCJIOBHll ll11• npoM!.IW11CHHOro pocra. B TO llCe apeMll roxpaHlleTCll ClteRTHUHlM B OTHOWCHHH BblfOll 31tOHOMH'ICCKOro H 

oro6eHHO DpoMWW11eHHOro palBHTHll. Y111epqaeTCll. 'ITO HlMeHeHHe YJIOBHll JIOXOJIOB B c-rpaHe 'lacro HC 'JaBHCHT OT 

JIOCTHllCCHIHi B COUH3111.HOH o6naCTH. HanpHMCp. OT YBCJIH'ICHHll npoJ101lllCHTCnl.HOCTH lKHJHH. pa1BHTHll CHCTCM o6pa10aaHHI 

H lJlpaBOOXpaHeHHll. noJIOOHOC HCCOOTIICTCTBHC MellQty COBOltYDHWMH ROltaJaTeJlllMH ypoBHll JIOXOJIOB H ROlta'JaTf!lllMH 

COUHaJlwtOro palBHTHll. HCCOMHCHHO. cyutCCTByeT. OllHaltO 6wno 6bl OWH6o'IHO Ha OCHOBaHHH lTOro j(CJlaTb BblBOJI 0 TOM. 

'ITO poCT JIOXOllOB (a OTnH'IHe OT VJ)OBHll JIOXOllOB) HC llBJllleTCll cylll~CTBCHHblM lf>a1tTOpoM COUHanwtoro palBHTHll. B 
r.JIOfia.ln.lrct Jl~e la 1990/91 f .l y1talblBaCTCll. 'ITO TeHJICHUHH HlMCHCHHll ROltaJaTCJICH JIOXOJIOB H COUH3111.Hb1X 

napaMCTpoa 6narococro11HHll HMCIOT O.:tHHa1toay1<> HanpaBJleHilOCTb. 0n:yTCTBHC B'JaHMOCBlllH MClKJlY ypoaHeM llOXOllOB H 

ypoBHCM 611arocOCT011HHll o6yCJIOBJICHO HC noitaJaTCJlllMH caMHX llOXOJIOB. a TCM. Kalt OHH Hcnoni.1y10TCJ1 rpallCJtaHaMH H 

npaBHTCJli.cTBaMH paJJJH'IHl.IX CYpaH. y CTOH'IHBl.IH pocr llOXOJIOB. KOT0 •. :.1ii MOllteT 6i.rri. JIOCTHrHyT. cy!lll no oni.rry •• 1HWb Ha 

OCHOBC palBHTHll DDOMblW11CHHOCTH, no-npellCHCMY llBJlllCTCll o611JaTCJlbHblM. XOTll BOBCC H HCllOCTaTO'IHblM yc:JOBHCM pocra 
6Jl3fOCOCT01111Hll. 

Apyru rpynna 1tpHTHKOB DpoMl.IW.1CHHOro ~-ra YK3lb1BaeT Ha TO. 'ITO B pe1y11i.TaTC noro npouecca MOllCeT 6b1Tb 

HaHeceH yutr.p6 oKpylKaK>uteli cpe!le. IOHli.IlO Kate y'lpelKJleHHe OpraHHJaUHH 06DeJIHHeHHblX HauHJi, "JaHHMa1<>meec11 a 

OCHOBHOM npo6neMaMH npo'4b1W11CHHOro pa1BHTHR. aocnpHHHMaeT 3yY ltpHTHKY cepbC'lHO. nonoMy BJaHMOCBllb MClKllY 

Dp0MblW11CHHOCTI.IO H OKpylKalOUlCH cpeJIOH llBJlllCTCll CDCUH311bHOH TCMOH fJIOfi&JIWIOl'O JlOILl'IQa la 1991191 fO)l. B 
COOTBCTCTBHH c yCTaHOBHBweilc11 a IOHH.IlO npa1tTHKOH a HCM Ha OCHOBC KOHKpeTHblX cf>aKroa o6-..eKTHBH<> H no11po6Ho 

paCCM3TJ>HBalOTCll TCXHHK0-3KOHOMH'ICCKHC acneKTbl DpOOJICMl.I JarplllHCHHll H aHaJIH'JHPYIOTCJI npMHllTble B DOCJICJIHCC 

BpeMll nporpaMMb16opb6b1 c JarpRlHCHHCM OKpylKalOIUCH cpe111.1. 3aMCllJICHHC npoMblW!ICHHOro palBHTHll MOlKeT OitalaT'bCll 

BCCbMa 11oporOCTOlllllHM H OTHIOllb HC ~KTHBHblM peWCHHCM 3KOJIOrH'ICCKHX npo6JICM. HCTHHa ltaK B 3TOM, Tait H B 

11pyrax cnyqallx ropn110 C..10lKHCC peueDTOB ynpoutCHHblX 1101yHroa. 0JIHH DpoMblW11CHHblC npouecci.1. KaK H HCKOTOpble 

BHllbl RJ>OMblWJICHHOH DJ>OllYKUHH, BbllblBalOT 6oni.wee 13rpR1HCHHe. 'ICM npyrae. no3TOMY HHCHHO BblOOp OOJICC 

coaepweHHblX TCXHOnomH H pnpa6oTKa 6onee coaepwCHHblX BHJIOB nponyKUHH DOlBOJlllT npe110TBpaTHTb 13rp111HCHHC 

OKpyllCalOutCH cpellbl, npH'ICM 11alKe MOHHTOpHHr H 6opb6a c 'JarpRlHCHHCM OKpyllCalOUlCH cpellW Tpe6ylOT BblCOKopa1aHTOii 

DpoMblW11CHHOH TCXHOJIOrHH. 

KaK H B npe11i.111ymHx fno6aJl .. wx JlOIUUllJ:, a HaCTORlllCM 11oicna11e npe11CTaBJ1et:1.1 npomo11.1 pa1aHTHll MHpoaoi 

lKOHOMHKH a uenoM H no OCHOBHblM perHoHaM. IOHli.IlO CMOTJ>HT Ha nepcneKTHBi.1 pocra npoMi.1wneHHoro npoHlBOJICTBa B 

npe11CTOllW.HH fOJI c onpe11eneHHblM OnTHMH'JMOM. TcM HC MCHCC TCMDbl pocra npoMblW!ICHHOro npoHlBO)lCTBa palBHBalO

UlHXCll CYpaH apll.ll na llO\."TMrHYT ypoaH11 60-x ana 70-x ro11oa . .IlOCTHllCCHHIO MHOrHMM crpaHaMH yCTOH'IHaoro npouecca 

HH.llYCTpHaJIH13UHH npenRTCTBYCT Hecnoco6HOCTb MOOHJlHJOBaTb TCXHH'ICCKHC, MaTepH311t.Hbll! H JllO.[lCKHC pecypc1.1. 

nonoMy n~6HOCTH B T3KHX pecypcax paccMaYpMBalOTCll B fno6anWIOlll JlOIUl .. e Ja 1990i4Jl ro11, c Tl:M 'IT06bl noMO'lb 

.llHpeKTHBHblM opraHaM IIY'IWC OUCHHTb HX npeaMylllCCTaa H HC)lOCTaTKH. 

B HaCT011mee BpeMll npouecc HH.llycrpaana1auaa npoTeteaeT HCCKOJ11>Ko a HHi.tx ycnoaHllX. Ha cMeHy nnaHHpoBaHHIO 

pa111HTH11 npaxo.nHT J1H6epa11a1aua11 p!.IHO'IHOM opHeHTaUHH. fno6ana1auHA cf>aHaHCOBl.IX pt.IHltOB H MClK.llyHapo,llHOC 

pal,llCJlCHHC Tpy.na COJ)lalOT o6CTaHOBKY OCTJ>OH KOHKypeHUHH. a HC COTJ>YllHH'ICCTBa HJlH HHTCrpaUMH. B 3THX ycnOBHllX llJlll 

o6ecnC'ICHHll npoMblWJlCHHOIO pOCTa B palBHTblX II palBHBalOUlHXCll crpaHaX Tpe6YIOTCll HOBl>IC CTHMYilbl co CTOpoHbl 

HHOCYpaHHblX HHBCCTopoa. KOTOpblC npe:.OCTaBJllllOT )lCHbrH, TCXHOJIOrHJO H npHllHOCllT JlYX aKTMllHOH KOH1typeHUHH. '.}Ta 

TCMa paccMaTpHBaCTCll B fJ1o6&11MIOM JlOU .. C 18 1990/91 rO)l. noMHMO RO.llpo6HOf0 pacCMOTpeHHll pe1yn1>TaTOB palBHTHll 

npoMi.1wneHHOCTH a IO per110Hax Mllpa. a JlOKila.lle npocnelKMaaeTcll .naHaMHxa np11MblX HMOCYpaHHblX MMBCCTHUHH B tealK.[loM 

H1 lTHX perHOHOB H npHBO)lHTCll 0010p J:1 OTllCJlbHl.IX OTJ>:ICJlCH o6pa6aTb1BatOuteH RpoMblWJICHHOCTH . 

• rtporllfflhf Ila l"TflT ro11 COCTilBn11n11ct. J111 llO"IMllKHOICHMll I a1ryCTc 19'111 m.Qa I 3ana)lllOA AlMH nonHTll'ICCltllro KpMlMCd. nn:nolofy 

llC110Topi.1c Mc11n1111r.rc n111111*CMMll TilKMll npor11010111111aCT011111cc llJIClofll npcJ1CTa11111110Tc1111cpcanM(TM'llft.1MM. Bi.rcnKMc: 11c11t.1 11a 11cctrri.. 

c:cn11 tlMM coxpa1111T::• II 1'1'11 ro11y. noa1111•10T Ila TCMn .. 1 M CTJIYKTYPllt.IC napaMC:Tphl pa 1111111111 MMJ>Oll<>A iKOMOMllKM. 
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Pref ado 

En 1989 se registr6 una disminuci6n de la actividad econ6mica industrial mandial, y ha_ pocas 
esperanzas de que el ai\o inaugural del decenio de 1990 cambie de signo este proceso de desaceleraci6n. 
Las expectativas inflacionistas, la renovada incertidumbre con respecto al precio de las materias 
primas, y especialmente del petr6leo•. la resaca financiera producida por la rapida desregulaci6n o 
eliminaci6n de restricciones, y por la mundializaci6n, estan creando -todas ellas- condiciones 
hostiles al crecimiento industrial. Al mismo tiempo, persiste el e!cepticismo acerca de los beneficios del 
crecimiento econ6mico y, especialmente, del crecimiento industrial. Se sostiene que el nivel de ingresos 
de un pais tiene a menudo escasa correlaci6n con sus logros en aspectos sociales como la esperanza de 
vida, la educaci6n y la salud. Es indudable que se dan tales diferencias entre los niveles de ingresos 
globales y los indicadores de desarrollo social, pero seria err6neo deducir de ello que el crecimiento del 
ingreso (comparado con el mvel de ingresos) resulta superfluo como factor de desarrollo social. El 
Informe Mundia/ 1990191 sostiene que las tendencias del ingreso y de las dimensiones sociales del 
bienestar avanzan juntas. No es el ingreso, sino la utilizaci6n que de el hagan los ciudadanos y los 
gobiernos de los diferentes paises, lo que explica la falta de correlaci6n entre los niveles de ingresos y el 
grado de bienestar. Un crecimiento sostenido del ingreso, factible, como se ha demostrado hasta 
ahora, unicamente mediante el crecimiento industrial, sigue siendo una condici6n necesaria, pero en 
modo alguno suficiente, para un bienestar mayor. 

Otra corriente critica del crecimiento industrial apunta al dai\o que tal crecimiento podria 
ocasionar al medio ambiente. Como organismo de las Naciones Unidas principalmente interesado en el 
crecimiento industrial, la ONUDI toma esta critica en serio. Por ello, el lnforme Mundial 1990191 tiene 
como tema especial la relaci6n entrr la industria y el medio ambiente. En el lnforme, y de acuerdo con 
la practica normalmente seguida por la ONUDI, se examinan a fondo y con gran objetividad los 
aspectos tccnicos y econ6micos de la contaminaci6n, y se cstudian politicas recientemente adoptadas 
para su reducci6n. El estancamiento industrial seria una medicina costosa, y de dudosa eficacia, para 
tratar los problcmas del medio ambiente. Como sue le succder, la verdad cs tambien en estc caso 
mucho mas complcja de lo quc llcvaria a crccr un eslogan simplista. Algunos proccsos industriales 
contaminan mas que otros, y lo mismo cabe decir de algunos productos industriales. Como podra 
controlarse la contaminacion sera eligiendo mcjorcs procesos e ideando mejores productos, e incluso la 
vigilancia y el control de aquclla re<;uiercn tccnologia industrial sofisticada. De conformidad con la 
pauta establecida en anteriores lnformes Mundia/es, se hacen previsiones para la economia mundial en 
su conjunto y para sus principales rcgioncs. 

La ONUDI sc muestra cautamentc optimista con respecto a las perspectivas de crccimiento 
industrial para el ai\o proximo. Con todo, ia tasa de crecimiento industrial de los paises en desarrollo 
no es probable que alcance los niveles de los decenios de 1960 6 1970. El hecho de quc muchos paiscs 
no consigan satisfacer sus neccsidades tecnicas, materialcs y humanas les impide lograr una 
industrializacion sostcnida. En el lnforme Mundial 1990191 se cxaminan esas nccesidades en un intento 
por ayudar a los encargados de formular politicas a que detcrmincn con mayor precision los puntos 
fuertes y las insuficiencias de esos paises. 

El contcxto de la industrializacion esta cambiando. La planificaci6n del desarrollo esta sicndo 
sustituida por la liberalizacion orientada al mcrcado. La mundializaci6n de los mercados financicros y 
la division internacional del trabajo ban crcado un ambiente de competencia despiadada, en lugar de 
fomentar la cooperacion o la integraci6n. En estas circunstancias, el crecimicnto industrial, tanto en 

•Las prcvisiones de esle allo sc hicicron anrcs de quc csrallara, en aaosro de 1990, la crisis politica en A~ia occidenral. Como rnullado de 
el10, alaunos de Ins supuesros en que se haHn rales previsioncs parecen ahora poco rcalisras. Los elcvados precios dcl pcrrolco, si peuislen en 
I?? I. di:tcrminarin variac1ones en el nivel y ~n la ,.mir111u 1M r.recimien10 de la economia mundial. 
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los paises desarrollados como en ll~s paises en desarrollo. depende del estimulo inno\·ador 
proporcionado por los im·ersionistas extranjeros. que aportan dim:ro. tecnologia y un espiritu 
competitin.l din:imico. Este tema se reconsidera en el lnforme .\lundial 1990/91. En este. adem:is de 
exponerse detalladamente los rendimientos industriales de IO regiones del mundo. se traza la e\·olucion 
de !a inversion directa extranjera en cada una de esas regiones y se incluye un estudio de 13 industrias 
manufactureras seleccionadas. 

Los aii~s 80 fueron un decenio perdido para los paises en desarrollo. y especialmente para los mas 
pobres de Africa. Sise quiere que el decenio de 1990 ofrezca algo mejor. eilo solo sera posible si las 
economias en desarrollo aprenden a enfrentarse a la rei'iida competencia mundial y aceleran su proceso 
de aprendizaje. Los cambios ~ecisivos recientemente registrados en Europa oriental ban demostrado 
que cste es cl destino de todas las economias del mundo. Los mejores instrumentos para el progreso 
ser:in la informaci6n. los conocimientos tecnicos y el deseo de ser competitivos. El lnforme Mundial 
199019/ se ofrece como una ayuda para explorar el desconocido terreno de la industrializacion en el 
decenio de 1990. con la esperanza de que el crecimiento indusuial rapido pueda nuevamente 
con\·ertirse en un fen6meno familiar y bicn acogido. 

DOMINGO L SIAZON. Jr. 

Direcror General 
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EXPLANATORY NOTES 

Reference to dollars ($) are to United States dollars, unless otherwise stated. 

References to tonnes are to metric tonnes, unless otherwise specified. 

A slash ( 1980/ 1981) indicates a crop year or a financial year. 

Industry categories referred to in this publication are based on Revision 2 or the 
International Standard Industrial Classification (ISIC). 

References to ISIC codes are accompanied by a descriptive :itle (for example. 
ISIC 323-"Manufacturing of leather and products of leather, leather substitutes and fur. 
except footwear and wearing apparel"). Considerations of space. however. require a 
shortening of this description (for example, ISIC 323 may be referred to simply as "Leather 
and fur products"). In some cases, ISIC categories have been aggregated and the descriptive 
titles adjusted accordingly. 

The term ''billion" signifies a thousand million. 

Figures in square brackets [ ] refer to source material listed after chapter IV. 

The following symbols have been used in tables: 

Two dots( .. ) indicate that data 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 abbreviations and acronyms appear in this publication. 

ABS acrilonitrile-butadiene-styrene 
ASEAN Association of South-East Asian Nations 
B.t.u. British thermal units 
CAD computer-aided design 
CAM computer-aided manufacture 
CARICOM Caribbean Community 
CFC chlorofluorocarbon 
CIM computer-integrated manufacture 
CIMACO Association of Tanning Machinery Constructors 
CMEA Council for Mutual Economic Assistance 
COCUM Co-ordinating Committee for Multilateral Export Controls 
ECU European currency unit 
EEC European Economic Community 
EFT A European Free Trade Association 
FAO Food and Agriculture Organization of the United Nations 
GA TT General Agreement on Tariffs and Trade 
GCC Ciulf Co-operation Council 
GDP gross domestic product 
GNP gross national product 
GSP generalized system of preferences 
IFC International Finance Corporation 
IMF International Monetary Fund 
ISIC International Standard Industrial Classification of all Economic Activities 
LME London Metal Exchange 
MITI Ministry of International Trade and Industry 
MTBE methyl tertiary butyl ether 
MV A manufacturing value added 
NIC newly industrializing country 
OECD Organisation for Economic Co-operation and Development 
OPEC Organization of Petroleum F.xporting Countries 
PVC polyvinyl chloride 
R + D research and development 
RMS reference material system 
SABIC Saudi Basic Industries Corporation 
TCI technology complexity index 
TFP total factor productivity 
TRI Toxics Release Inventory 
WHO World Health Organization 

This rtport i.• 611."d on information ovoilobl~ 01 of Morch 1990. 
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Introduction: The structure of thfi Report 

The beginning of the last decade of the twentieth 
century has surprised everyone by the variety and 
rapidity of the changes it has !i<' iP motion. The 
dynamics of an already globalizmg economy have 
been enhanced by the momentous events in Eastern 
Europe that have led to a process of irreversible 
change from a planned to a market economy and the 
end of the cold war. with the prospect of an enlargerl 
European Economic Community beyond the horizons 
of the original plans for 1992. and ihe emergence of 
other larg~ economic and trading blocs in Nonh 
America and the Asia-Pacific region. At the same 
time, the 1980s were a severe decade for many 
developing counlries, especially in Africa. The challenge 
of enabling these countries to benefit from the 
dynamic global growth process by removing the many 
obstacles facing them remains urgent. 

The global growth process, after decelerating in 
1989 from its high level of 1988, will remain steady 
during 1990. Ira chapter I. the immediate economic 
outlook is assessed as in previous years. UNIDO takes 
the view that despite the many uncertainties in the 
financial and raw-materials areas. there are clear signs 
that growth will pick up in 1991. At the ,;ame time. 
however. a scepticism about the desirability of pursuing 
growth has been rekindled. In Chapter I the benefits 
ot economic growth over the past three decades are 
examined in terms of social indicators of human well
being-health. education. nutrition-as well as in 
terms of the greater sophistication and availability of 
material industrial products. Growth is clearly a 
necessary ingredient tor improving well-being. although 
it may not be sufficient. 

There arc. however. obstacles to achieving industrial 
growth in developing countries. These ob,tacles
technical, material and human-are also surveyed in 
chapter I in an assessment of the scope for indus· 
trialization. In the new global context. they will 
involve flows of trade and of direct in·•cstment, as well 
as the availability of opportunitic' to borrow much
necded capital. 

Foreign direct investment is crucial for industrial 
growth in both developed and developing countries. 
In chapter II, which provides a survey of the industrial 
performance in the IO different regions, the evolution 
of foreign direct investment and the structural role it 

plays arc highlighted. In a competitin environment. 
to survive is to change. and foreign investment 
everywhere entails new and different apprc'lches that 
encourage innovation. Of the 10 regions surveyed in 
chapter II. none is confronting the challenge of 
adapting to a new environment more boldly than the 
Eastern European region. Macro-.xonomic stabili1.a
tion and institutional reform arc the major themes, 
and the overall prospects, though uncertain, arc 
hopeful. Problems persist. however. in the Latin 
American and African regions, while the fragility of 
the recent reco\·ery in China and the continuing trade 
tension between the United States and Japan cannot 
be lightly dismissed. 

One of the strong grounds for scepticism about 
growth has been the environmental impact of eco
nomic. and specifically industrial. growth. There has 
recently been much heated debate on the issue. as 
global awareness of ecological problems increases. 
What has been lacking is a comprehensive and 
detailed. factual account of the environmental impact 
of industriai processes and products. In chapter Ill of 
Global Report 1990191 an attempt has been made to 
fill this lacuna by offering a balanced and sober 
account of the environmental impact of industrial 
activity. While industrial activity pollutes. there is 
scope for reuu\;ing ,,udi pollution by using new 
processes that are clean and waste-reducing. It is 
demonstrated that the installation of new processes 
can be profitable. and thus there need not be a zero
or negative-sum game between growth and environ
mer.1. Unfortunately. the use of the nev· technologie~ 
~as not yet become sufficiently widespread. Their 
dissemination and adoption in both developed and 
especially developing countries offers a challenge and 
a hope for reconciling growth and environmental 
protection. The detailed treatment of environmental 
problems in chapter Ill should pro\·ide much-needed 
information for industric.l decision-makers. 

In (i/ohal R1•pnrt /9X9/90 it was decided to restrict the 
industrial sun·ey 10 a small number of selected manu
facturing industries. an innovation maintained in <ilnhal 
Report 199019/. with surveys of 13 manufacturing indu~· 
tries contributed by experts. It is hoped that this survey. 
contained in chapter IV. will continue to be a useful 
source of information for policy-makers everywhere. 

( 
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I. The immediate outlook for the world economy and 
inchNrialiDtion of developing countries in retrospect 

A. The "orld econom~ in 1989 

While 19X9 \\as a year .if surprises in terms of 
political change. Wtirld economic de,dopments were 
pretty much as expected. which is to say it was a g•l<ld 
year for forecasters. <i/oha/ Rq111rr 1989190 was very 
dose in forecasting 19!\9 w.1rld ;;con<lmic gnl\Hh at 
3A per cent ,·er,us the 3.3 per cent actually registered. 
As sho\\n in table LI the reginnal and countr~-le\"d 
lorecasts were also generally 4uite accurate. 

In Latin America and Africa. performance remained 
sluggish. Growth in Latin America in 1989 was only 
1.6 per cent. \\hich was only a slight impro\ement 
mer the 19Xl\ rate oi I.I per c .. nt. Tropical Africa 
registered ::!.X per cent growth in 19X9. which while 
nearly a full percentage abn\"e the 19XX rate was still 
not high enough lo raise per capita incomes in the 
region. Lack of substantial prngress toward resolving 
the debt crisis in these two regions is the main factor 
resp»nsible for their poor economic performam:e. 

There was a \\ idespread fall in gnnHh throughout 
much of developing .-\sia. In China growth fell frnm 
I IA per cent in 19XX to 3.9 per cent in 19X9. This 
"low-ciown o<"<"nrred in response holh to economic 
sanctions. which \\ere imposed hy a numhcr of 
countries following the events of June I 9X9. and to 
China's own economic restructuring and austerity 
programme. 

In l:a,t and South-East :\sia growth fell from the 
19XX rate of X.3 per cent to 6. 7 per cent in 19X9. 
flpwe\"er. there was a ·l)nsiderahlc: \ariety in per
formance at the .. ubreg1onal or country lc\el. The 
Ile\\ ly industriali1ing c11untries• ( ~ICs) 11f Indonesia. 
~falaysia. Philippine' and Thailand. the "'new '.'llC.\"'. 
generally continued to perform strongly. \\hile the 
''old !I.ii(\'" c\perienced a decline. In part11.:ular. Hong 
K11ng and the Repuhlic of Kurea bntl"i regi,tcred a 
nearly 50 per cent fal1-.1ff Ill gro'>l.th. 

On the Indian Subcontinent. gro" th fell from X.fl 
per cer.t in 19XX 10 .J.J per cent in 19x9. IP lnd1.i it fell 
fr11m IO per cent in 19XX to 4.5 per cent in 1%9. One 
fac1or that ma~ h;ne accounled f11r the ,1,rn-d11">1.11 
"a' ;1 \Cl of new re,tncllnn' on 11np11rl,, '>1.hich could 
have delayed 'ome lrl\e,1men1 dec1,i111h and curtailed 
the availabiht~ of inpuh in a numhcr of rnd11,1ne' ·\ 

•(he: lrrm "'.'\le,·· 1' u'c."d c'tcn .. 1\c-h ,,, tk"''-r1ht· ~tn~!.•p1n)l 

l"'l.:1Hl11m1r,, hr thr\ ~1urn1nr'. pr•nin(r:', ,)f .1rr.b "lwrr th("rt· h.1~ 

hrrn p.ut1l'11l.1rh r.1p1d ind~1qn.1I lo!f11\4fh It tl11r, ""' 1mrh .tn .. 
p11llt11. • .tl d1\1,111n "Alfhrn rtw r.tnk' ,,f dc,r'.·•flm>' l•111nfrH·, .rnd '' "''' 
·•fl1<·1dlh rnd,,r,•'1tH1·:--11>0 

growing deficit in the federal budget may also ha\e 
been a contributing factor. as was perhaps the need t<i 
take measures to cnntrol the climbmg intlatio01 rate 
q I). p. 135 ). In '.'\epal. growth was do\\ n from 9. 7 per 
cent in 198X hl 1.5 per cent in 1989. The main factor 
was the collapse of its economic relations \\ith India. 
which resulted in the se\·ering of ~epal's transport and 
trade links with the rest of the world. In Pakistan. 
growth in 19X9 of 5.o per cent was about the same as 
in 19!iX. 

For dc\'eloped countries the main factor affecting 
economic performance in I 9!i9 was the re-emergence 
of inflation as onc of the main concerns of policy
makers. In Western Europe: grnwth remained strong 
at 3A per cent. which about matched the 19XX figure 
of 3.5 per cent. De\.:lopments in Ea,tern Europe and 
increased in\'estmc:m acti,·ity in preparation for the 
unification of the European Economic Community 
IEECl market in 199::! were probabiy the main factors 
contributing to thi' smmg performance. At .J per cent. 
growth in the f-c:deral Republic of Germany reached a 
Ill-year high. The large inllo\\ of workers from the 
German Democratic Republic '>I.as <>ne factor con
tributing to higher growth there. 

The 3.1 per cent growth \\ hich ~orth America 
registered in I 9X9 \\as the lnwest rate posted in the 
region 'mce the trough of the last recession in I 9X::!. 
The final .:-;timate!'. of the lJnited States Department 
of Commerce put fourth-4uarter 19X9 gr.>wth at only 
I. I per ccnl. The Canadian cconom\· turned in a 
'imilar grow th trajector~. In both countrie' tighter 
monetary policies prompted tl\ fear' of higher int1a
tion were responsible for the ,10\\er growth . .lap.rn·, 
19X9 growth led by \Cf\ 'trong imc,tment demand 
and wnunued 'treng1h m exports remained substantial 
in 19X9 at .J.9 per cent. Jlo\\e\er. ii did not match the 
19Xli r;tte of 5. 7 per cent. 

The European centrall~ pl;rnncd economies e\
pcrienced a nearl\ 50 per cent fall-11ff Ill growth lr11m 
.J per .:ent in l9liX to 2.1 per cent in IYXlJ. In l9li9 the 
..:ountnl·, of the reg1nn. m differing degree,, faced a 
\aflel~ of cc.inonuc problem,, including high State 
hudget dcf1c1". high lc\eb ol intern;itional deht ;md 
the tne\ll;iblc: dhrup1111n• that ha\e heen encnuntcrl·d 
"' many of rhe'e cc110< .n11e' make the 1ran,111nn 111 
market ec11n.1m1c,. Shner gr11">1.th. l11gh 1ntla1111n and 
gr11wmg uncmpio\mer. 1 h;ne heen the re,ult rn \ari1111' 
degree' dcpcndmg on rhc countr~. 

W1thm thi: context nf 11\erall economic performance 
1he 'pec1al mtere'I 11f 1:s11>0 ., rhc pC'rlnrmancc nf 
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Table 1.1. Regional and country estimates of GOP and MVA 
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Table 1.1. Regional •nd country estimlltes of GDP •nd llVA growth for 1919 Mid prajec.llons for 1990 •nd 1991 
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Table 1.2. SN!re of lndustNI output of deweloping countries In world tot.I In 1975, profected shares for 1990 
•nd 1991, •nd growth rates 1975-1991 
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mJu,1n. lnJ1Nnal p<:rf,•m1a!•.:<: ., m<:a,un:d O\ m;11m
fa.:tunng \aluc: add<:d 1\l\".\1. \\h1.:h l"'ll>O t.•rc:-
1.:a"b C:a1..·h ~c:ar a(,•:l!,l. \\Ith gr.1,, J,•m<:,tK pr<>Ju1..·1 
1<.il>P1. In <a"f.uf R.-r••r: !'l.'i'J ""· l "'ll>O f,•rc:.:a't a 
,,,,,,-J,,"n m the: r:..itc: ,,, gr••\\th ,,f manufa.:tunng. 
out the: ,(,0\\ .J, l\\ n that 1.-..::.:unc:J turac:J ••lit t.. Ii<: 
nh•rc: pr.•n.•un.:c:J than c:'\p<:.:tc:J. ·\t the: \\••rlJ fc:,c:l. 
\t\·_·\ gr••\\ th m I'>~'> \\;l'-' p..-r 1..·c:nt. ''h1k th..- <t!t1f.tJ/ 
R,-ron !'-IS'J Yll l:aJ lorc:.:a .. t -'.t> p..-r .:c:nt. l·urthc:r
nt.•rc:. l "'.\IDO h;tJ <."'\pc:..:tc:J tha! 1hc: ,( .. "-J••\\n 
\\1.•ulJ ,1..:..:1ir m Jc:\d•>p<d .;,1untnc:'. hut dc:\dopmg 
.:••untric:' ah•• c:'\pt:ric:n..:c:J a Jc:dinc:_ fr,1111 -'.It.•.~-~ p<r 
.:c:nt. C.:c:naml~ the: rate: ,,f \I\·_.\ gr•n\th m Jc:\d••pmg 
..:ountric:-. ha' li<:c:n J1,app.1inting. alth••ugh \I\·_.\ 
gr•>\\th in 19S~ f••r Jc:,c:h1ping C••hntric:' ·ha "h••k 
J1J not fall h~ a' much a' J1d <.il>P gr•l\\th. C.1unmc:' 
\\uh dc:ht ..c:n i.:mg pr..1hlc:ms. "hik 1'1..-edmg addui.ma! 
industrial pr.>Ju.:ti1.>n for C:\p,1rt purr•'~~. ha\c ,,ftc:n 
f.11md thc:ir manufa.:rnring "c:ctor ,1perat1ng at far 
li<:(,1\\ .:apa.:it~ h1:."Cau,c: 1•f shnrtagc:s ,,.- importc:d ra\\ 
matc:nah and spare: p:ins. 

\I\".-\ in Wc:stc:rn .·\sia grC:\\ at 2.S pc:r .:c:nt. \\hi.:h 
\\a' dn\\n fr11m its J.f pc:r .:c:nt 19SX grm.\lh rate: anJ 
Ii<:(,"' 11' a\c:ragc: •l\c:r the: p:i't 12 ~c:ar,. lntlati1.•n and 
Jc:ht ,,, c:rhang ha\C: hc:.:,1mc: pr,1hkm~ in s,1mc: .;,1un
tric:,. hut thc:rc: arc: mdi.:at11m-; tha; aftc:r :'.>c:ar, nf 
dc:dining <.il>P the: rc:g1on ma~ ha\c: 111rnc:d the: .:ornc:r 
111 191\X and i' n•'" p11i,c:d f11r a rc:s1:mption of gril\\th. 
p,,,iti\c: GDP gnl\\th in 19S9 marl..c:d the: fir,t time: 
.. in.:c: 19-- that 1h..- n:ginn a' a \\hole: ha, c:'\pc:ric:n.:c:d 
three: .:.m,c:.:uti\c: ~c:ar-; ,,f p..1,iti\c: (i DP gr.'" th. 

\I\".-\ gr .. 1·.\th in the: Indian Suh.:••:ltinc:nt ldl ,,1mc:
\\hat 1c:,, ,harp!~ m 191-9 than (il>P. hut at 5.- pc:r 
.:c:nt \\a' the: l•'"c:'t figur..- rc:.:11rdc:J for s.:\c:ral :'.>C:ar' in 
the: rc:gi,1n. '.\lan:.1a..:tunng in lnd1:i ha, li<:nc:fitc:d fr,,m 
c:\port pr.1m11t1<•n a.:11,i1ic:' mduding fa\11urahk trc:ai
mc:nl for c:,p,1nc:r- in nbtaining imponc:ci ra\\ matc:rial
;111J capital c:ympmc:nt. (k,ri:c: the: gc:nc:rall\ high ra1:: 
,,f gr.1\\lh 111 C:\porh. the: halan.:c: ,,f pa:'.>mc:nh ha' 
dc:1c:n.1ratc:d a' a rc:,ult ,,f the: lihc:rah1athll1 of imp·•~t 
re,tricuon... In l 9S9 cnncern .1h1 •ut the: m• 11111t111g 
h;il;111cc:-.1f-pa!mc:nh dc.-fi.:11 le1.I I•• the: 1mpo,it1<1n nf 
'"me: tc:mpnrar~ re,trict111n' nn import... l hi' 111;1\ 
h;l\c: occa,111nc:d "'me p;1rt ,,f 1hc: rc:du.:11011 111 m;tnu
fa.:tunng gr11\\lh .i' firm .. had Jiffi.:ult! ohtain111g 
1mp.1rtc:d input.. and "'me: c:\p.tn,111n plan' ha\c: hc:c:n 
'crapped. 

In Laun :\mc:n.:a. !\I\"_.\ fnr the: rc:gi .. n a' a \\hole: 
dc:d111c:d h! IU pc:r cent in 19S1' and gre" h! a mc:;1grc: 
1.1' pc:r cent 111 191'9. Onl~ Chile: c:\pc:nc:n.:c:d ;nc:ragc 
\I\"-\ grn\\lh c:\(c:c:d1ng 10 per cent Juring 1hc: pa't 
1,,,, ~e;1r'. In Bra11l \I\"_.\ grc:\\ h! I. 7 pc:r (C:nt in 
l9X9. ''hi.:h \\a' ;1 ni;irl..c:d imprn\c:mc:nt 1l\c:r !9XX 
\\hen it fc:ll h! _,_... pc:r ..:c:nt In .-\rgent111a !\I\".-\ frll O! 
nearl! 10 per cc:nt aftc:r a - pc:r .:c:nt fall i11 l9XX. !"he 
fali 1n \I\',.\ grn\\lh 111 ·\rgc:ntina "a' nc:arl~ t\\i.:c: 
tha: ol the: fall in ( i l>P grn\\ th a' the c:tfrch nf the 
dc:ht ,en1.:c .:n'i.. nc:oirl! paral!'t•d the: 111d1i..tri;1l 
'e.:tor. 

\t\',.\ grn\\th m Tropi.:al ·\fr1(a \\a' ;1 mc:;1grc 
0. - pc:r cent 111 l4X>o. oin1' lcll 111 o.~ per .:c:nl 111 l'>l\'i. In 
:\nrth :\fn.:;1. 11 ""'"'me:\\ hat he11c:r al J. I r~r cc:nt 111 
l'IXX and_,.(, per .:en! 111 l'IX'J. oilthough ,11ll 11nllcr the: 
\\orld ;l\c:ragc:. Bui '"me .:011ntne' m the rc:g1on ha\c 
pc:rfnrmt·d t1111tc \\ell n\cr 1he p;hl '"" \t•oir'. < ih;111a 
c: \pcncn.:ed '! ron;? \I\':\ grll'I\ th for the 'c:.:ond 

,;r:.!1ght \Car. at I~ - pc:r .:cnt 111 l'>SS and P.-' p.:r 
.:cnt 111 1->:o-'>. In Lt.:t. !he: 'l!nplc: a\c:ragc: gr•:\\ti1 rate: ••I 
\I\" \ 101 <. ihana , '' c:r the: ra't .. 1' \ c:ar' ha, hc:cn , ,, c:r 
P per .:c:nt. In l'>:o-4 t••tal \I\":\ 111 the: <.:•'llntn ag;un 
rc:a.:h.:-d the le' d \\ hKh had l'lt:1:.·n ;i.:h1c\ c:d 111 l'>-o. 
l hrc:c: <'thc:r -\fn.:an ~· .. untne' c:\pc:ncn.:c:d !\I\ . .-\ 
gr•"''h rate:' a\c:r;1g111g Ill pc:r .:c:nt ••r m••rc •'\Cr ihc: 
pa'! l"•' \C;tr'. namc:h. B•>l,\\ar.a. ChaJ anJ l.c:"1th1.1. 
C;1111c:r•"'"· \\here: \t\·_.\ tdl o~ nearl' _io pc:r .:c:nt ,,,c:r 

the: pa't t''" \.:ai... '" 1••tnt:d h' a numl'lt:r ••f ••thc:r 
.-\fn.:an O.:••Untnc:' that ha\c: c:'\pc:nc:n.:c:d dc:dtmng 
\f':t.-\. mduJ111g t'••llg<'. (",-,IC: d·h,>1rc:. l>11h1.1ut1 and 
S1c:rra (c:.me. 

The 'harp fall 111 !\I\._.\ gn>\\th m Smtth-1'.a't . .\,ta . 
fr,1m 111.5 per .:c:nt 111 19:0.s h> fl. - pc:r .:c:nt in 19S9. "a' 
mainl~ the rc: .. ult nf dc:\d1•pmc:nt' in the: '(C:.;. The: 
Rc:puoli.: ,,f K1•rc:a c\pc:ric:n.:c:d a fall 111 \I\._.\ gr.l\\th 
fr,•m 1-l.5 per .:c:nt m 19SS h• .•.t. p<:r .:c:n: 111 19X9. Th., 
Jedinc: grc.itl! •llil\\C:tghc:d the: ... mlllltanenu' Jedinc: in 
the rate: ,,f GDP gr1.n\lh fr,1m 11.3 pc:r .:c:nt h• 5.9 pc:r 
cent. On the: .11hc:r h.ind \I\ .. .\ gr.l\\th in 19:-;~ \\;l, 

.:h•sc: h> 11r ••\C:r 12 pc:r .:c:nt m lndonc:,ia. '.\lala~,ia 

and Thailand. \\hi.:h "a' in c:a.:h .:a'c: ah1.1u1 the: .. amc: 
a ... in 19:\X. 

8. l"'.\IDO fon-ca\b for 1990-1991: a '>ummar~ 

t ·'.\lDO GDP and !\I\._.\ gnl\\th rate: pnijc:.:tion ... 
hlr 1990 and 1991 for indi,idual .:11untries and group' 
11f .:11untric: ... arc: 'h""" m tahk .. I.I and l.2 and 
figure:' I. I. 1.2 and l..~. :\ dc:taikd dis.:u'""m 1)f 

.:1•untr~ and regional indu·mial Jc:,dopmcnt trend-. i.; 
prc:.;c:ntc:d in .:haptc:r IL The 'h••rt-tc:rm forc:.:a-.t ., 
dis.:us,c:d in the: present se.:tion. 

In preparing its f..reca-.1' l ',IDO tonk into a.:.:<•llnt 
a numb<. r llf important recent c:.:onomi.: de:' dopmc:nh 
and made: a fr\\ kc:~ a''ump11on' ahout the hc:ha\iour 
,,f .:c:rt:iin maJor c:c111h1mi.: \'ariahk,. The l'!lllst imp11r
tant of thc:,e. particular!~ as the:'.> rdatc: t.1 dc:\doping 
.:.1untric:-.. are li-.tc:d Oehl\\: 

fa) The: trade and hudgc:t Jc:ficih of the: l "nuc:d 
State:' arc: n11t hc:lic:\c:d h• P•"C: a ri'k Ill glohal 
.:-.:•'n"mi.: 'tahiht~. nr tn prc .. agc: a rc:.:c:"h'" in the: 
1 'nitc:d States: 

fhJ .-\Imm! ;111 dc:\Cl••ping .:ountric-. ha\c: <?rc:all! 
lihc:rali1c:d their intc:rna1111nal trade p111i.:1e' dur111g the: 
19XOs. While: the l•llal trade of dc:,d11p111g .:ountric' 
fell in 19li-:'. 11 ha' hc:en 111.:rc:a,ing 'in.:c: thc:n. and 
I ':"II><> hc:linc:' it 'Aili .:ontinuc: tn in.:rc:a'c: m the: 
,hon and medium tc:rm. f'unhc:r. a' a rc:,ult of 
lihc:rah1.1t1nn. I ',I()() hdtc\c:' that th1' grn\\th 111 
irade "ill Ile a 'trong1:.r P•"ltt\c: factor 111 prom1lling 
dc:\Cl.1pmc:n1 than II ha' hc:c:n in the: p;ht: 

fcJ Tight monctar~ pohcic.; in dc:\cloped cnunrric:s 
\\Ill rc:.;ult m .:ontinued high mtc:rc:'t rate:'. l ':\ll>O 
hdic\c:' that 1hi.; \\ill continue: 111 h;nc: ;1 nc:gati\c: 
c:ffc:ct lln gro\\ th m dC\cloping .:nunt nc,. 'C\ ert hdc:". 
11 1, no\\ apparent that dire.:! imc:,tmcnt nppo1nunit1c:' 
111 man:'.> dc:\cloping '"untnc' arc "nee again hc:g111ning 
111 a11r;1.:t forc:1gn 1mcs!llf\. lhm dc,pile .:nn11n:1c:d 

''''" progrc:" 111 find111g ,11(1111"11' 111 1h.:- deht prohlcm. 
I ':"II><> hclte\C' th;it there \\Ill he an 1mprowmc111 111 
i:r•11,1h Ill dc:\clopmg l·nuntnc:' 11\cr 1hc nc:\t t"" 
\ c:ar': 

7 



Figure 1.1. Growth ,.tes ol GDP •nd MVA in deweloped •nd deweloptng regions. 1962-1991 
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Figure 1.2. Manufacturing share of developing countries in world industrial output, 1970-1991 and 2000 
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Figure 1.3. M•nu~•cturlng value added of North and Gouth, 1975 •nd 1991 
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t./; lh.: .1ggr.:gat<.: ln.:i 1•! pmn.in ..:.•11rni.•J1!\ 
pn .. ·<.:, mdt:dmg ,.rJ '' t:\!~..:t.:J !<• ~<.:m;1111 r .. ughl\ 
11n..:lung.:J :hr.•ugh1•11t l•No.J<.)41. ltnm1g ;u: unl.•:.:
'<.:<.:11 Ji-rup!1<•n 111 ,,i! '!1pph. I ''\![)I Id_.._., 1i-•t to1r.:-..:.: 
.t '1g11if1..:;:nt m..:r..:a-.c ill t·:1<.:r;!\ ~'ru:._-, tti the ,h,.rt-rur~ 
h i-. h""'<.:\t:r. ,·,rc..:r.:J Eh.H .. ·n.:rg• pn..:.:, •.qll :urn 
,!Jarph h!gh<.:r ;1~"und !4-lt·: 

I,., r~t ... rc:rn Lur,'pt:Jn ~tlllfltn;.> \\ tH Uh.:ri:J,,· tht:!r 

1raJe \\Ith th.: r.:·.1 • •f :h.: \\,•r'J B!:! th.:1r m.1111 

irllcr.:'1 \\Ill h.: in .:apital g•i.•J-. .. rnJ thc: '"f! n"t !--.: .t 

'1g111fo:;1111 la..:t"r in b. •• "tHlf 1 he <.:'P• •rh , •t Jc\ cl• '!'Ill~ 
..:11untnc.-'. I \p••rtt:r' ,,, '11;111ula..:tur.:'. mduJ:ng th .. · 
'\ll\. \\Ill paru..:rpat<.: m thi.. m;irk<·t t<• "'mt: t:\tem. 

11) The high-gr.i\\lh ..:11unrri.:-. .•f S<>uth-l_;i,1 .·\-.ia. 
th<.:'\((_",_ ;ire hemg J••m.:J a-. th.: \\<>rid gr .. \\lh kaJ.:r' 
b: 1h.: nt:\\ '\IC~. n;imd: lnJ,>n.:,1.i. \fab:,1.i. Phi!1r
pi11c.-' anJ I 11a1land: 

I!!; l"'\([)O hdit:\t:' th.: gl.•oal!!alh•n ,,( prnJu..:
ti.>n \\ill ..:,>minu.: l•• ht: a ma_1"r t:<.:<•ll•>mu: f.•r..:i: m th.: 
I~~(),_ [ \ <.:n In !ht: 'ih >rl-fllil. gf,>baf~/;Hh II! \\Ill gather 
a Ile.'\\ impc::tu' m part fr,•m ei:,1n,1m1..: Je, dnpmi:nt in 
L1sti:rn l'urop.:. ht:! mnr.: 1mp••rtantl\ lr•>nl Iht: n.;\\ 
'P•rtt ,1f mt<.:rnaci,lnal ..:11-••pc:raci.•n ri:~u111ng fr,,m th.: 
end <>f the: i:••ld \\ar. 

The I ''\IDO l'Nll,91 f,1rr:i:a't '' rhat th<.: ,l,>\\
J,)\\ll. \\hu;h Oq:an iO 19!-.9. \\Ill <.:<•llttnllt: lhr,111,gh 
1990 bt:forc gnmth ;1gain pick, up ia 199!. rr.1111 
4A p.:r i:<.:nt gr,rnch m 19XX. gr1•\\th fell t•• .• .. • pi:r .:i:nr 
in l~~N and i-. f,1rr:..:a't t<> fall I•' .~.I m 1'}90. hdnn: 
d1rnbing hack to~--,.. 1991 De\dnping ..:.•uncni:, ;ire 
forc:i:a .. 1 t• • gru\\ h' .<. 9 pt:r .:.:nr m l'NO anJ 4.1 p.:r 
i:.:111 in 1991. \\hich 1~ -.lightly fa,tcr chan th.: npe.:ti:J 
irtrnth m Jt:\d,1pi:J t.:•HII!tnc,_ 

F11r Jc\d••rc::J .:.nmln.: ... l ''IDO fnri:..:a'h ,l,>\\t:r 
gr,mth f11r !•NO ar 2.:- pi:r i:i:nt. fol~••\\cJ hy 3 ~ per 
cent grn\\th 111 1991. Wi:-.1.:rn Lurop.: anJ J;ip;1n art: 
t:\p<.:i:tt:J tn .nupc::rf1•rm :\11rth .-\mi:ni:a ,uh,tan:iall: 
m h,1rh p.:nnd-.. anJ Japan 1, f, >rt:..:a't tn rnamta1n ih 
grP\\th kaJ ll\t:r We,l<.:rn Lurnpc: lht:,t: rn•rc.:11t1n-. 
~~~~ .. ~ ~!"!!~~ :?~·~· 1.'t!!1! ~h·.: d~n:Hni...- '.~.,ndiri,ln' 1n Fur,,r~ a' 
th.: ITC apprua..:hc:, 1he go1al 11f ;u.:h1e\mg ;1 unifit:J 
m•trh\ m 1992. ;1' r;1piJ prngre,. "made:: ltl\\arJ, the 
unifica11 .. n nf < ii:rman:. ;i, th.: i:"uncrii:' <>I L1,ti:rn 
hir.1pt:. mcluJmg !ht: 1 ·ssR. r.:,trui:llire their t:i.:•1-
r1<1mii: ,\,tcnh I•• a gri:at<.:r ur k"cr Jegr<.:<.: al1111g the 
line' ,,1 tradu1onal m;trl.et e.:01101111.:-.. anJ ;" rhc i.:11lJ 
\\ar ..:om.:' tn an end. Su..:h ..:11nd11111n ... h11\\e\er. J,1 
m..:ri:a'e the unc.:r1;11nt_\ '11rr••t111Jmg tht' \t:;ir·, fnr.:
..:a\l. 

!'he m11n.:1ar:- ;wth<'riC1c' m th<.: I ·nl!t:d State:' h;l\t: 
;11 lc:;hl "' far 'uci:ei:dcd m their atti:mpt 111 ,1,m 
ei:nnnmti: grn\\ th \\ 11h11u1 hnngmg 11n ;1 rt:Cl'"i1 •n. 
lntcr.:,r r;11e, ha\c ri:m.11ncd fairly !ugh. lht: dollar 
'tanJ, h1ghn than m'"' l••rci:a,rer' had prcd1i:ted. anJ 
11nt•mpl11ymc:nt 1, '"". at lt:;i..t h~ rr:.:i:n1 'tandard ... 
lntlat111n ha' n11t hcen hi:atcn had. much. h111 I! ha' 
11111 :ni:rc;1,cd ci1hcr Wag.: iza111' 1rt real term' rem;i111 
I••\\, a te,11111110\ perhap' I•• the 'uccc"e' 11\.:r [o \C.H' 
111 er11<ling 'rrucrural 1mpc:d1mcn1' 111 laho11r markr:t 
i.:nmpetitrnn. In forci.;;1,11ng 1.5 pr:r i:r:nl !!rn\\lh f11r 
1990 and .l.~ p.:r cent f11r l'JIJI in th.: 1 "nl!ed S1;1ll''· 
1::\fl>O i.. not a"um111g 1h;11 rhr: l\\111 hudizrr and 
trade defi..:H pr11hlc111' \\Ill he c11rr<.:ctr:d. hut that thr:\ 
no longer c.trr\ .1 .. 1~111!1.:;1111 rhre;1t 11 • ,hnrt ·term 
r:cor.11mic 'l;1h1lil\ Ir ""umr:' th;rt ;1 ··,.,fr land111~" 

Ill 

h.1, h.:i:r •• 1.:illt:\<.:J .inJ the ,;;ind1tt1•1i-. h.t'-t: hi:t:n 
..:-.1.1til1 .. hi:tl :. 1r .1 ~r.1Ju.1l rcnt:\\;!! .. r «<:•'ll••llli...· !!r••\\lh 

In \\l.°'t"-"!'~~ i t:r,,p~ l1l>P ~r,·\\lh ... tt!::! ,1,1\\i!l!! .. t 

!i:..·nth ,,: .. t rf.:r'"· ... ·nta~c..- P''lt:! ~,, -~ .~ tn l'l~''· !' !l1~t:~.t'~ 

~" f\.\.ti..:f~ -~' pt:r 1...·::nt !!1 :~'°"! ~:1c h1~!1•:'r r .. th: tr1 1•\t.."r 

! ~ ~.c: .. !r ... I!~:...· rn~t1!1 I .. h.·t·•r-. \\tli ~~ .. u1 .~,·"-t:k·: .. trt,·n , 1 ! 

:::1a! ;'rt:;' .. 1r .. ::1.ln, r,,r rhc: ;1ntt!l.'.:tt·1n :•t tht..· f 1.1r.•r\.· .. ui 
rn .. tr~c:t i!: l'-14_~ ..tnd Jc:·.c:!,•rruc:nt ... 1n l ,t ... !t."!n l l~r,T'lt." 

In :ft._- l·cJ.:r.il R.:put>li..: .. : ( 1t:rm.1ll\ .1 ,·.•:rnnul!l!! 
:nt~Ll\ .-t" \\,1!'~c.·r, :r,•n1 ~ht: ( n:rrn~u1 llt.·n•,·L·r~t:I\. 

R::pt:hl:..: \\ti! hd;-- t. · !J, •IJ ,!. ,._, !i \\.1g:: rr~·"t•rl·, .inJ 
.1!!1'\' the .:..:.1n,1m, t•• .1..:!11n.: th:: \t:n !ugh g~''''~h 
r.ice-. th.•' l '.\![)() :-. r.-r..-..:.1-.rrng ""h·•lll 1;na..:..:i:p1.1ri: .. 
HK1.:a-.111g 1ntla:r.1n l '\IDO r-. 111 t:tk..:t t•>rt:..:a-ttn!! 
that th.: r;1p1J gr.I\\ th ._·,rc:ni:n.:t:.I 111 '-· •rtb \n11.:n..:.1 
anJ J.ip;1a 1<>1l11\\tng rt:t.:•l\t:f\ rr .. m tht. l'}:-2-:.,i;o.; 
r.:.:.:"i.•n ''.it f;t,t ..: .. nung t.• f.ar1•p..-

_!;1p;ir. \\Ill .:••ntmu..- r.1p1d gr .. \\th .ll :' per .:cnt in 

!'}411. nut 1-. l1•r::..:a-.1 [1• 'run to1,., ! r.:r ..:i:nt Ill 1491 
I hr-. i' tht: h1ghi:-.t gr. 1\\ th r .It<.: 111 .lap;1n -.111..:<.: I '1-3 .\, 
lil>P gr<l\\lh ..:11ntmue' thr .. ugh.•ut l'Nl. 1he t> .... m 
\\h1.:h \\ill alri:aJ, hi: neJ.r!y ~o n1<1ntii- 1•l.J at thr: 
hcgmning .,f th.: '::ar \\ill t:\<.:t:i:J th.: prt:\ h 111-. rc..:. •rJ 
,,f :'~ ffi•lnth-. O\ <ht: third '-!llarti:r ,,, l491 I .,IIH> 
hcht:\::' the:: prt:,::tot l11gh 1mi:,tm<.:nt k\::k -trt1ngi:r 
J.,m.: .. rii: .:,1n,umpt1<•r. ;111d high t:\p1 1rh \\Ill i.:11ntmue 
to lu::l gr1•\\lh thrnugh••u! l'NI. 

\\h1k 1·'\IDO hdtt:\t:, that in 1hi: mi:J111m ti:rm 
t:O.:<llh>llllL anJ P••htu:;tf change' takmg piai:t: tn th:: 
..:<.:nrrall~ pl.1nni:J t:O.:•'!h•!lllt:' ,,f l·urnpt: \\Ill r.:-.uit in .1 
r<.:nt:\\;1l 1•l gr••'-'lh. th:: -.h11rt-ti:rm f·•n.:i:;i-.: 1, n"t \er' 
••pllm1-.u.: ·1 hi: far-r::;1ching .:h;111g.:' \\di J1,ru;n 
<.:c1•nomii: at.11\lt\ II! th.: .. hnrt run and ri:Ju..:t: gn1\\fh 
t•• near 1i:r1• k\d, during 1940-!991. 'fht: r<.:g1t•n a' a 
\\hole 1, t11rci:.i-.1 to gr11\\ at 11.4 pt:r ~enc 1n 1990 ;ind 

11.fi p..-r ,·i:nt m 1991. .·\ J::..:1111.: 111 \f\ .. ·\ "' 1U per .:.:nt 
"fnn:..:.i't f,1r !'NI. Thi: l 'SSR 1, f11ri:..:a't tn ha\c: tt:r•' 
grn\\th m the nnt (\\•• 't:ilr' and the m.in11fa.:1urmg 
't:i:tnr 1, t.ir.:..:a't to1 't.1gnati: m 1940 ;mJ Ji:..:hne h~ 

I.:' ni:r ..:i:nt m 19'11. <ir1mth II! the nc:1ghh1111rfw,1d .i( 

~ !'t"r .-::nr "l••r.: .. ci:n 11n!\ f11r th::< icrman l>cm11..:rat1i: 
R::put>li,· .1nJ 111111!-!an. I ·111r.i:at1••n t1f !he <.:i:• •ll•Hlll<.:' 
''' the Fi:Jeral Rei 1hlt.: of (ii:rman: ;rnd th.: (ir:rman 
I >t:mo.:r;1t1..: Repuhhi:. \\ hil.: It \\ 111 k;HI t:\t:tH11;1ll\ t< • 
rapid gr.mrh m the f1•rmi:r. \\Ill al"' r<.:,ult 111 ;1 
d1,rup:111n ,,J c:\1,tlil!:? pr11Jui:t1••rt f;sulai::'. I "'\II>O 
ha~ 1h::rr:lorl' talt:n a rdatt\t:h pe"llllhtlC P•"""'n 1111 
grn\\th 111 th.: ( it:rm•tn D::mni.:r;1t1C Ri:puhhc ••\t:r th<.: 
llt:\I (.'.;month'; in 1991J thr: f11ri:..:a,1 "f11r gr•l\\th ,,f 
2 5 per .:enc. m..:r.:a,mg !•• -'--~ p::r cent 111 :•NI. \\;1).!t: 
d1llcr.:11t1ai' \\ 111 lc:ad to a '1).!lllfii:;mt amnunt '•f 
m1gr;11i.ir1 fr1•m i-.1,1 t11 W::,t \\hich \'111 h11ld d•'"rl 
gr••\\lh 111 \\agr:' hut \'111 all11\\ per i.:apl!a CiDP t•• 
111i:rr:a't: lhe f1•r.:i.:;1,t gr••\\lh r;l!l' 111 the Cierman 
ll::m11i:r;1r1c Ri:puhh,· 1, ,hghrl~ 11\er half th.: ).!r11\\lh 
rate rhat I ''\I()() 1, l11rc..:;1,11ng f11r 1he l·elf.:ral 
Repuhhi.: nf ( icrman\ durmg th.: 'am.: pem•d. I hr: 
I lt;ngarian ei:111111m\ h;1, hc::n 111 the pro..:r:" .. J 
dt:..:.:111 ral11111g 11' r:i.:111111111 \ longr:r r h;in 111 her c:ci 1-
n• •1111.:' m th.: reg111n. ;md de,pllr: llung;ir\ ·, ,,n,111, 
tkhr prohlem. the I 'Sll>O lorci:a't put-. ll11n1?an ;1, 
the grn\I. I h leadi:r m hot h I 990 and I 'NI I he 
\\tlhngnr:" 11f th.: dC\d••ped 111;1rkr:1 t:i:nn11m1e .. lo 
a""! 111 the i:con11n11i: rn11al11a111111 nl th.:'c: c1111111r11:' 
\\111 hc: a f;H:l•lf 111 detr:rnun1ng 1hc e\l<.:nt .ind p;11.:.- .• f 
thc:1r t'i.:nn,..,11c grn\1lh. I radr:. d:rect ll1\l''tmc1H .111d 



11:..:hn<>l.,gy 1r..1.nsfrr arc: the: main area'" here a .. sistan..:c: 
fn•m the: de:\ d<lped m..1.rkc:t c:..:,inomie" i;,iuld make: the: 
greatest l:••ntrihuti•m l•l ~-i:·in••mi..: gnl\•lh. 

The f,lre..:ast fllr Latin .·\meri~·.:..1 ,,.. f,lf gr,rn th uf 
2A per .:c:nt in 1490. n .. ing hl ::'..'l per ..:c:nt in 11-NI. 
\I\·_.\ is f,lrc:..:a .. t h• gr.rn at ah.1111 the -.ame rate:. Sl,1\\ 
gnl\\th in the l"nited State" •>\er the: peri,ld anJ 
..:••ntinuc:d high interest rate: .. \\ill han.· a negati\e 
impa..:t ''" the rc:ginn. Bra11l. ha\ mg regi-.tered 3 per 
..:ent <il>P grm\lh in 19S9. \\ill t•\perien..:c: a fall in 
growth .ner the ne'\l tw,1 year' as effort-. hl redu..:c: 
intlati.m l:<lntinue. The manufa..:turing se..:t<lr is fore
..:ast hl remain 1t1rpid at gr,nnh rates <lf 0.5 and 
:l.X per ..:ent •l\t:r t•NO and 1991. re-.pe..:ti\dy. The 
.. harpe-.t fall i-. fore..:ast for Chile:. \\here it is C:\pe..:ted 
that GDP gnl\\th will fall fwm IO per cent in 19X9 l<l 
5.2 per ..:en! in 1990. and .. hp further tll -l.1 per cent in 
1991. \I\" . .\ gnl\\ th i' forc:..:as• Ill folio\\ apprnximatdy 
the same dedining traje..:tory. 

{jro\\ th m Tr.,pical .·\fn..:a \\ill pi..:k up moJe-.tly t•l 
·'·5 per ..:en! in 19911. before falling uff .. lightly l<l 
3.1 p;;:r ..:c:nt in 1991. The e..:,lnomi..: fortunes ,;f the 
regi•in are still largely tied to ..:omm<ldity pn..:e 
de\el<lpm;;:nts. and l "'.'I DO expe..:t-. liule impr,nement 
in i;,lmmodity pri..:e-. during 1990-19') I. While for 
many ..:ountrie .. debt ,n erhang \\ill ..:nntinue to 'tand 
1n the way •lf renn,al of grnwth. e\en some of the 
highly mdehtc:d ..:ountrie .. in the regi•lll \\ill ..:.intinuc: 
hl m 1mtam gr.n\lh rate:' -.ulli..:1ent to lift per ..:ap1ta 
m..:•lmc:s '1gnifi..:antly. 

(ir•l\\th m India i-. f,He..:a .. t !l1 remain h1wc:r than 11 

ha-. been during the: late: 19XO-.. maillly a' a result 1lf 
!he: emergence ,,f halan..:e-of-pay ments pr .1hlenh. w hu:h 
ha\ e resulted in imp<lrl rc:-.tri..:tion-.. and the need l•l 
..:•lpc \\ith a per,istent g•l\crnmc!lt defi..:11. 

l '.'IDO ha, nnt taken the ,h,·rt-tc:rm dc:..:hne ill 
the '.\1\".-\ :.;rnwth rate of the SI(\ I•• pre .. ag~ at.mg
term !rend. C.nmtering the trend. Taiwan Pro\in..:e 
c\pcnenccd a \cry 'light in..:rca-.e ill \I\".-\ gnrnth in 
19S9 o\c:r the \cr\ !.m 19XX le\cl. up frnm .U' per ..:c:nt 
m 19)-(l\ to -l.2 per cent in 19l'9. H,1wc\t:r. lnw lah•Hlr 
..:'"" and a genc:rall\ fJ.\ourahle trca1rncn1 of foreiJ?n 
1me,t11r .. will rc .. ull m a large m..:rea'c in f11•,·1gn 
10\c:,tmcnt m lndonc:,1a. '.\1a!ay,i;i and ·1 hailand and 
pr.ipcl them ahead of the: 'IC' a, gr.:w th leader' m 
the region. 

(irnwth in China w11! l:•lllttnuc: •l\.:r !he nc\t twn 
\ear' l•l he hm1tc:d hy go\L"rnmcnl au,1emy mea,ure,. 
While: the Cio\ernmenl will lift ,,1me mc;hure, 111 
all.iw the partial re,torat11rn of growth. ii 1' n111 hkeh 
that the pace and form of econ11m1..: change c\pencnced 
Junng 1 he: I 9Xlh will re-emerge. I· c11110011..: san..:1100' 
1mp1"ed hy .. ome de\ eloped ..:ountric' "ill continue lo 
h;ne a prono11nc1·d effect. hut there arc 'ign' 1ha1 they 
m;I\ "1110 he: partial!~ lifted. The: l ''.'\ll>O fnrc:ca'l •il a 
rc..:o\ery 10 5 2 per cent ~ro"th 11n-r the 1990-1991 
period 1' ha,ed on the a's11mp11on of a c11n1m11a11nn 11! 
the go\crnmc:nt a11,1erit~ mca,ure' and 'omc form nf 
,a net ion,. 

l::'IOll>O forc..:a .. i.. for 1990 and 1991 ,h,1w the 
dc\Cloping C•Hmlnc,· ,hare of w11rld M\":\ at 1.1.x per 
..:cnl 111 1990 incrca,ing 111 t.i per cent 111 1991. Thi: 
O.:! percentage point gain 1' Jll'I ah11vc: the a\cragc 
o\cr the past 15 \Car' 'rncc the l1ma I>c-dara1111n and 
Plan of Acllon on lnd11,1r1al l>C\clopm.:nt ar:d C:?· 
11pera11on. adopted h~ the Sc:,ond ( icneral C11nfrrc:ncc: 

,,f l"'.\IDO. estahli,..hed a .. a gila! that de\ci,lping 
..:uuntries sh.1t1ld pr.)Ju..:e 25 per ..:cnt ,1f h>ta! \\••rid 
111Ju-.trial <lUtput by the yc.sr 2000. It 1-. n.>ne the le:-.-. 
..:onsiderahl~ bd,l\\ thl'. appr1•\imately 11.5 pcr..:cntage 
P•llnt yc:arl~ gain n\cr 25 ye;ir-. thai \\•>uld he re4uirc:d 
in ••rdcr t<• a..:h1c\e the 25 per cent g.1al. 

l ''.'\IDO foreca-.t .. that \1\" -\ in dc\cloping ..:••un
tric: .. ''iii gn)\\ at an annual rate ,,f 5.-l per ..:ent during 
1990-1991. \\hi..:h \\ill be about 11nc half h> 1llle 
per..:cntag.: P•lint higher than the a\erage f,1r the five
ycar pennd 19S5-1990. -l.S per ..:c:nt. ,lr for the earlier 
IO-~L"ar pc:rind fr,)m 19-5 tn 19S5. -l.3 per ..:cnt. While 
gnn\th .ncr the 1990-1991 pcriPd is ti'u, -.1m1e\\hat 
high b~ rc..:cnt .. tandards. it dne' n,H approach th~· 
le\eb a..:hie,ed in the i900s and i:arly 19-os. \\hen it 
\\a' ,)ften ir: the -: 10 IO per ..:ent range. 

On th.: basis of l."'.'\1()0 forecasb for 1991. the indus
tries in \\hi..:h de\el1>ping ..:ountrie' will ha\c a 25 per 
..:cnt 'hare ,,f \\•Hid '.\1\".-\ arc tobacc·, manufa..:turi:s 
f IS!C J 1-ll. leather and fur prndu..:ts I ISK 32.'l. IC'.\tib 
t(SIC ·'211 and ,etrnleum rdinerii:' f ISIC .'531. The 
share of de\elopmg l.'.llUntrit:' will he O\<!r 21) rer ..:ent 
in hc\.:rage' f ISIC 313 ), other n1m-metalli..: mineral 
prndu..:i.. f ISIC 3t>9l and fo,ltwear f ISIC 32-ll. On the 
hasi-. of l "'.\IDO f•Hc..:ast-. for 1990. the gr.lWth .1f 
'.\1\ .. -\ ill dc\el<lping cnuntncs bi:rneen 19:-.5 and 19911 
"ill he -l.S per cent. h•r th.: .. ame pennd. it lllrn' ,1ut 
that. e\..:t:pt for the: leather and fur pr.,duch indu .. ;try. 
all ol !he llldt1'trie" with larger "hare, \\iii gr••\\ at lt:s' 
than the ;neragi: rate. On the other hand. the rnJu,. 
trie' that gr,m fa,tc:st 1ner thi' pcrin1l m the world a' 
a \\hole rnrn •lllt Ill he th11,e m \\hich dc\el11pin~ 

..:ountri..-,,. a..:..:11tmt for (e,s than 10 per ..:c:nt ,,f \\llrld 
'.\1\·_·\. Thi:,e are furniture and fi\ture' f ISIC .l321. 
pnntrng and puhh,h111g 1 ISIC .l-l2L n.>n-de..:tn..:;tl 
ma..:hmery f ISIC _l1'2l. tran ... port e4mpmen• 1 ISIC .~S~l 
and pr•lfe,....ional and 'cic:ntifi..: g<1,ld' 1 ISIC 3.-<:;i. 
Dc\c:loping ..:ountnc' ha\e Inst their \\orld ..;hare 11\;:r 
the pa't 15 ye~r' 111 three of these mdu-inc,. namel: 
!urr.11ure and fi\ture-.. printing and puhh,hrng and 
n.in-clectn..:al ma..:hmcry. 

(her the long run. It \\11uld he: c\pe..:tcd that 
dnel.ipmg ..:11un1ric' would :end 10 have a larger ,hare: 
<1f \\nrld '.\1\.:\ in mdu,tne' that are m11rc laho;ir- ••r 
na1ural-rc'•H1r..:c:-m1en'i\e. I hi' 111 fa..:t c.1rre,pond' to 
\\hat i, gc:neralh ob,cned m the 'hare cniumn' 111 
1ahk 1.2. l>c\dopmg c11untne' ha\c the largc'I 'hare:' 
in ..:er1a111 111du,1nc' where natural rc,our..:e" play the 
"''"I 1mpnr1ant role. a' 111 pctrolc:um rdinene,. or 
lahnur co,i.. arc: ffi•"t 1mponan1. a' 1n lc\tile,_ leathcr 
and fur produci.. ar.J hc\eragc:'. It '' likely that 
..:omparati\c ad\an1agc will pla\ a larger rnle in the 
future 1L a' c:\pcctc:d. trade liheral11a11on 111 Jc\d· 
oping co1111tric:' con1111ue,, and 1f pending a 'ucce"ft;I 
11111..:oime of the l ·rugua\ Round ,1f nego11a11on' \\1th111 
the Ira me\\ Mk of the: <i..-ncral :\grc:c:mc:nl 11n ·1 an!f, 
and I radc: l(i.-\TTI. trade harrier' lacing de\clnpmg 
..:ountric,· export' t1> the ~11rth are rc:dlll.:c:d. I''.'\(()() 

believe' 1hi, "ill help 10 hnng ahou1 ;i m11re effi..:icnl 
global di\i,1011 of lahnur and ult1ma1ch w11rl\ 111 the 
a1han1agc ol 1hc dcvclopltl)( c1111n1ric,. 

l>e\·elnprng ..:ountr1c' arc: al"1 C\pcctcd 111 conllll!tc 
lo garn a larger 'hare of the older .. ,niokc-,rad. ... 
mduslnc'. which while con1nh11tmg 111 111d11,1nah1a
t1on arc a!'" a •::111,(" .,f <'n\1r11nnwnral p11ll11110n. 
l-.n\1ronmc111al cnntrnb on 1he'e mdu,1ne,_ wh1d1 arc 
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bt.'t:tlming strtlngcr particular!~ m h1rnpc ;ind Japan. 
arc: <lllC ,,f the factor-; 1ha1 arc gi\ing a •'.<lmparati\C 
athantagc l<l t.k\dtlping c<>untrics \\here c:m inin
mcnral ~-<1n1r,1b arc ks-; strict. Whrk this \\ill contri
hutc h• industriali1ation. it als,1 prcscni.. a challenge h• 

the lit•\ernments tlf de\Chlping cnuntrics. \\h!ch Pftcn 
lack the expertise ll• C\aluate the nists and bendit-. ,,f 
mdtNrial pollutiPll-l:•'lltr.ll regulations. Industrial pol
lution in de\eloping countries is the subject nf a 
special chapter in the present <ilohal Rqort. 

C lnduslrializalion of de\·eloping countries: 
n~ for a long-term perspecli•e 

The 191\tls ha\·e often heen termed the lost decade 
for de\cloping C<lUntries. To be sure. man~- C<lllntries 
in East and Snuth-East Asia ha,·e made substantial 
progress. '' ith some achieving a spectacular break
through during the decade !o join the ranks of the so
called ~!Cs la iahel the countries themsehes no 
longer welcome for fear of being singled out for trade 
restrictions). Progress has also been stead~ ir. the t\\tl 
larger countries in the Indian SubcnntincnL Tn an o\'cr
whelming maj•.lrit~ of de\eloping countries. especially 
in Africa and Latin America. ho\\e\·t>r. the decade 
represented a C•llltinuous economic crisis which has 
exacted an enormous toll in h:rms of both prcgress 
promised and progress forgone. 

To most de\·eloping coun:rics. the history of cco
nomic dewlopment is all but three decades old. The 
trials of the l'lXO-; arc therefore significant to many 
de,·eioping countries not so much because of the Inst 
time. but because a damaging interlude might ha\"e 
occiirred in ii1.:;r de\clopment process. forcing them 
10 start the whole proress ane\\. t:nlike in 1he l'lfllls. 
howc\cr. the world has bec,1me mtlfe impatient \\ith 
and le'is indulgent toward" the apparently slow pace of 
progrc<;s heing made by de\·cloping counlries. More 
importantly. de\·cloping c<1untries themsefn:, o;eem :o 
he rap1Jly losing the self-cnnfidencc they once pos
'ie'ised in initiating and managing their own 1.lt:\ci
opment processes. The truth. nlten forgotten. i' !hat 
economic de\elopmcnt i-; a long-term proceso; that has 
ne\er heen ach1e,ed in one generarion. It is nallJTal lo 
he disheartened when progress 'ieems so hopelessly 
stalled a:id mired down. Ir 1• .. howc\"er. important not 
to lose rhe proper perspecti\c. smcc historically al 
lea-;r. what dn·efoping C<lllntrics ha\C managed to 
accompfr,h -;incc rhe earl\ 1960s 'ecm' impressi·.-e 
enough. and at times !hey arc more than comparahle 
to similar achie\ements of !he industriali1ing counrrres 
of the nineteenrh century. 

In the res! of the prc,cnr chapter. rherefore. the 
progress sP far achic\ed h\ de\eloping countries w·11l 
he e'amined 111 'orne dctarl in order to place ir in a 
prorer perspeCli\ e. 1-:cmiomic dc\elopmcnt is. hnw
cvcr. a complicated rr•ices,. and no 'rngle stalistical 
rndrcator can acle4uatcly mea,11re what has or has no! 
hccn accomplished. The 11'i11al ( i DP-per-ca pi la figure 
comey' only a rough macr.1-cc11nom1c picture. and 
many 1111erna1i11nal agcncre'. rncludrng I '~II >O. h;ne 
hccn c11mp1hng s11pplemcn1ary series of dal;i 111 help 
convert rhe ,implis11c picture 111111 a more holl\llC one. 
·r he help of lhe "'or her"' dc\cloprncnl rnd1ca1ors ;1' 

well a .. ··n11n-c1111n·n11onal .. 1:1.·111111rn1c rndicarors ;nail-
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ahle to l''.'IDO \\ill therdorc he l'r1lis1cJ in th·: 
fo!f, l\\ mg anal\ .. i ... 

l'Cll!ll•mic d<·\cl,>pmcnt '' ,1111~ <I mean' ,,f acllle\ing 
a highi:r ll\ing 'tandard f1•r the: 0•111r.1on people. I he 
marenal a'..pcct ,,f pr• •gre,, ach1c\ <'li h' Jc\ c(, •pmg 
l"<>Untne' m rhc pa'r three dt·caJe, '' c\anuned rn 
'ecti••n ()be!"" in term' of pri\ate C<•n,umpt11•n. I he 
a\erage Ii\ ing 'randard i ... und.iuhrcdl~ ,1111 4uitc I"" 
rn dc\ehiprng C<'llntne ... ~er the rmprtl\cment ha, been 
significanr. The end of 1he I 9XO-. ha'. h11\\ e\ er. 
brought \\ i1h it a re' I\ .ii ,,, sceptil·i,m about the 
nen•ssit~ for <1r desirabrlit~ nf Cl'.'<Hl<1m1c. ;;nd e'pc:l·iall~ 
industrial. gro\\ th. s.m1e of this ... cepirci ... m ari .. e' 
paradoxicall~ from the ad\crsc c\peric:nce t1f mar._, 
dc\·eloping counlries that failed tn achieve sustainc:d 
industriali1ation during the past decade. l his i-. then 
more a pwblem ,,f impatience than ol doubt. 

Others. htl\\c\·er. argue that in many cases. per
capita income le\·cb and achie\·cmcnr in S•llllc dimen
si~ms of human \\ell-being-health. education. nutri
tion-are poor!~ correlated. Effort, to achic\c a hrgh 
le\el of income 1hrough indu .. triali1ation arc th1i.. 
implicitly decreed as misguided nr in .. ufficient to achic\ e 
a high le\ cl of social Uc\clopmenr. The e\ idencc once 
carefully C'\amined estahli,hes the oppn'irtc ;1f thi' 
cnnclu-;1t1n. In 'c:ction E the e\idencc '' briell~ 
re\·ie\\ed and it is found that not onl~ dn ec1m11m'.c 
growth and impro\emcnts rn human \\cll-heing Olll\C 

in parallel. but also that de\·cloping ct1untrie' ha\e 
achie\ed significant -;ocial de,elopment as well. 

It is also a mistake to ionk at a small number of 
outcome indicators for human wdl-heing. With inJu,-
1riali1ation comes the eas~ a\ailability of a \\ ide range 
of g1wd' and ser\ices "hich arl' inputs leading In the 
achie\·ement of some of the ourcomes. Food ha' to he 
pn1duced. proce .. sed and con .. umed Ill achic\e the 
nutritional lc\·els '" often used a ... a critical indicator 
of st1cial dc\"elopment. Tiie .. cope of indu .. •riali1arinn 
mca .. ured in terms of the \"ariety of indu .. trial PT•lducl\ 
prnduccd in de\"eloping crnrntrie' 'ince l 9till i' there
fore examined in section F. While the alnlit~ to 
rnanuf;u:turc C\1:11 ... implc inuu ... 1rial pro<l11c1' .. 1ill 
remains beyond the resources nf many small d"' 1•1-
oping countric... the range of indusrria: producl\ 
actual!~ prod111.ed in rhe dc\cloping counrrie'.; a' a 
who1e ha'. h1men:r. expanded lremenJousl~ during 
the 1last three decade'. llo\\C\er. \\hat is nltlre 
imp,irranr for the future ,., the ac,·umularcd marcrial 
and human capital. Thus. section Ci. deal' \\ith the 
physwal and human capital rl'lluirements for indu'
triali1a1ion and the distance dc\elnpmg counrrie' h;l\e 
yel to lr<I\ cl. 

Finally. in the cnncluding section H. the focus;, on 
the relali\c 'ratu' achre\"cd h~· de\cf,iping counrries in 
the rapid!\ changing worlJ economy. on 1h;: role' the\ 
ha\"e comC' lo play. and on the \lrcngth and c11mictinn 
of rheir performance. Specificall\. three cm.:ial aspccl\ 
of intcrnatinnal co-operation arc examined-trade. 
foreig!l direr! rn \C\I ment and f"rc1g11 horrow 11111. 
International cn-opcrat1or, rn the'c area' j, import::nr 
if the ind11•lnal grnwrh prol:C\' rn de\eloping cn11n-
1ric' I\ I•· 1cgarn "'former \italrl\ lhc nature"' well 
a' rhe '11hs1ance ol rnrcrnarronal l·o-11pcration h;ne 
heen 111Hleqioin11 a clra,rrc o\·crhaul and rill' '""ncr 
dncloping i:1111ntrics rcali1e tl11,, the hctrn nil thn 
will he 111 rhcrr dr\"clllpntl'llt ctlorr,_ 



D. lndustrializ:ation and lhin~ standards 

llumankinJ has ah\ays -.1ri\·:n h• impr.•\C the 
material a-.pccb pf it-. c,i,tcncc. c\pcnJing energy in 

the quc-.t for a hcttcr l!lc and C\ en dcrinng a kind ••f 
pleasure from the cll<•rt. ·\dmincJly. human aspira
tions C\tcnd hcy.•nd material \\dl-hcing "' cmhracc 
"piritual 'aluc'. ''hich arc often as,1>ciatcJ '' ith a 
rejection .,f the mindlc-s pur,uit ••f material achie' c
mcnt f,>r ih .rnn sake. In Jc::,cloping countrie-;. the 
difficulty of the challenge has often 1>utwcigflcd any 
sc::nsc:: .,f pkasurc:: dc::ri\ed from the:: c::ndean1ur it,elf. 
making the:: material gains thus achic::,ed seem all the 
more precious. Tahlc:: 1.3 lakes st<•ck of the material 
progress achiewd by Je,·ch1ping .:.1untrie., thniugh the:: 
pm\ ision nf selected items such as ft Hid. clothing. 
shelter and olh~r durahk and non-durable consumer 
gpods. It also includc::s statistics on ci,il air tra\cl and 
cinema attendance. which may he:: taken as partial 
indicators of .. leisure··. 

fa) Food and f(111d product.\. According to the:: 
Food and Agricuhere Organi1ation ,,f the l 'nited 
~ations ( F:\0). there:: were '><•me 5111 million under
nourished peopl.: in the de\·doping c.iuntries a .. late as 
bc:tween 19XJ and 19X51[21 p. hti). Famine'>. flood and 
drought ,till occur. claiming hundreds of thousands of 
lives and providing a grim reminder of the fragility of 
food security in de,eloping countri::,. '.'\e,·ertheless. 
one of the biggest achie,·ements ,,f developing coun
tries in the past three decades i' still that the a\erage 
per~on in those countric' is better fed today than he or 
'he was three decades ago. For namplc. the nutrition 
lc,·cl measured hy daily caloric: intake:: reached 
2.509 units per day in dncloping countries in 19Xfl. 
compared with 2.11 h units per day iu I %5. The 
nutritwnal level has also impnl\ed in terms of 
proteins. fats and calcium. although progress in terms 
of some \itamins and minerals i' 'till lagging. 

The impr\l\ed cak 1e intake in developing countries 
ha' been achie\ed I rough a fairly balanced growth in 
major cereals and meal Ct>nsumption. Table I..\ shows 
that comhincd p::r-capita consumpiiou or -.ho;;,11 .iiiJ 
rice (including that used for animal feed) increased by 
JI per ccnl hctwecn 11.JhX and 19X7. whereas the 
aggrcg«h! per-capita consumption of ho\ine. pork and 
poultry meat ro~;c from 12 kilograms 10 15.h kiln
grams. or hy JO per ccnl. hcl\\ecn 1970 and l9X7. The 
grain and meal c11nsump1inn figures for dc\elopmg 
counlrics arc '1ill far 1110 low compared with those 
found in dc\clopcd counlric,. Measuring nu1ri1i11nal 
standards 1hrnugh the consumption of major grains 
and meal alone. however. ignore~ the facl that 
dt•• eloping countric., ha\'C a wider and more di\'crsc 
dietary tradition in wluch cassa\a. maitc and polatoc' 
arc .,omc of the importanl .. 1.1ple'. Morco\'er. al1ho11gh 
the low meat con,umption le\'cl in dc\cloping coun
lnc' largely rcllcch income slain,, the a\crage figure 
indudcs l<OO million people in India who consumed an 
a\'cragc of only 11.fi kilograms of ho\'inc meal in 1987, 
and the cnlirc population 11f 1hc 1'1amic world who do 
no! consum:: pork al all for n·ligio11., rca,on,. 

l>c.,pi• c the foci rhal p11p11la11on in dt•\clopmg 
counrnc., has more than d11uhlcd in the past .lo war,, 
an mcrea'c in 11\crall f11od rr"duclion enahlcd them 
10 increase 1hc1r per-cap11a fond c11n,11rnp111111. l·,pan
'ion 11f arahle la1111 and an 11,.;rca .. c 111 li\'e'l"ck \\ere 

part I~ rc .. ponsibk. hut tltc main rca-..m fnr the 
producti<•n incrc;1sc:: ha .. bc;:n 1mprn\ed prud1Kli\lty 
adlle\ed 1hr11ugh the in1r,•ducti1111 ,,f nc\\ high
~ icldmg crop 'arictic.... e'.\tcnsi\ e u .. c <>f fcrtil:1cr'. 
impn•\cd irrigation -.y,1cms. impn"cd hrceding ••I 
li'estod. .. a' \\ell as a gcnc::ral impnl\cmcnt in farming 
tcchnnl<•gics. For cnmple. rice: and \\heat y1dd ... 1r. 
dc\cloping cnuntries n• ... c hy .i1 per cent and -- per 
cent. reo;pccti\ely. between 1%9-!9-I and 19X.l-19S5. 
h,,,J self-sufficiency ratios measured by cereal 1mp<>rt 
rc4uirements stood. howc,·er. at :9 per cent for 
Africa. tiJ per cent for Wc:st.::rn :\s1a. 99 per cent for 
Asia and 9ti per cc:nt for Latin .-\mcrica in l'JXJ-19X5. 

A significant increase:: \\as <•bsenc::d not only in 
consumptior:. of basic cc:reals and meat-.. but abn nf 
more pnicessc::d fonds in de\doping countries. For 
c\ample. in Sorth Africa and W cs tern .-\sia. \\here 
consumption ,1f coffee depends almost entirely nn 
imports. the import bill increased tremendously bel\.ecn 
197..iand I9Xfl. In Sorth Africa ii rose fromS67 million 
toS22fl million and in Western :\sia from S5X million 111 
o\er S 19.i millicn in 19X2. but declined to S 1112 million 
at the end nf the period_ h i-, in1erc:: ... 1ing that coffee 
has hec<•mc an important import item for -.omc 
countries. especially in Asia. \\here in the mid-1970., 
coffee: hardly figured nn the import list. In 197.i the 
Republic of Korea and :\talaysia imported coffet 
worth SJ million and $7 million. rcspccli\cly. while in 
19Xfl. the llgures were S79 million for 1hc Rc:puhlic of 
Korea and SB milliun for Malaysia. Gnmth \\as C\'en 
more spectacular in Singapore. where 1he increase \\as 
from S 12 to S22J million. 

rh) Shnt'I and clothing. If fot>d consumption differ' 
all mer the '' nrld for dietary. culinary and other 
reasnns. clothing and housing differ for cultural •'r more 
importantly for climatic reasons. II shuuld he:: possible 
to obtain at least a notion ,,f the 4uantitati\e 
impnw::mcnt by checking the changes in the amount 
of basic materials that go into them. Thu'. 1111a! 
textiles fibre c11nsump1ion of all kinds in dnclor.ing 
c11un1ries increased by 64 per ccnl o\cr the 12-ycar 
period hctwccn i915 ;.111J i9X<>. 111 p.:r .:.1piia i~im,. 
this meant that the pro\'i,inn of clothing mah:rial' 
impro\ed hy JO per cent. The 19Xfl toial lihre 
consumption figure. 4.25 kilugram-. per pcr"m in 
dc\'eloping c111m1ric,. \\as. however. onh one quarter 
the lc\CI achic\'cd in dc\clopcd countries. Funltcr
morc. the- •igurc for de\ eloping wuntrie' \\as he;I\ 1ly 
weighted hy cotton (711 per ccnl). \\ hilc 1ha1 for 
developed countries c11nsis1cd mainly (5.l per cent l of 
svnthctic fihrcs which arc lighter in weight. 

Shoes are an important :.cm of clothing. yet no 
'ati-.faclory .,talistics exist for in1erna1i11nal compari
son. c\ccpl for ",hoc-. with leather upper,··. meaning 
the ,h11c style charac1cris1ic of dc\cloped rnarkel 
ec11nomic-.. The apparent con,umption figure (domc'
tic production phi' impori.. minu' exp11rh l f11r I hi' 
particular t~pc of 'hoc .,how' an ;l\cra)(c increase ol 
more than XI per cent from 196X-1971 to 19X7. Thi' 
means 1ha1 on a per capita hasis the average per,on 111 

dc\'cloping countries had IUll pair., in 1hc 1960., and 
o .. n pair' in the 19Xlh. l·or dcwl11p111~ c11un1m:' a' a 
\\hole 1h1' is indeed a niodc'I improvcmcnl Amnng 
dnelopin,.: c1111n1ric' the h1ghcsl 'h11e-c11n,llllll"T .:nun· 
tric., arc. h11Wl'\·cr. in I a1111 America and Wc,tcrn 
,\,1a. \\hen· lhc ;l\cra~c wa' t1nc pair per per,1111. 
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"'bile in Africa onl! C\C~ tenth pers<m purchased a 
pair of sh<lCs per !Car during the period 19li5-19li..,._ 
The apparent consumption figure in de\cloped coun
tries has in the mean time surpassed the le\el <lf two 
pairs per person. 

The low ctmsumpti<ln figure for developing coun
trie~ in shoes (with leather uppers) is in a sharp 
contrast to their pr<>minence as producers of footw.:ar. 
In 1987. li2 per cent of the world"s industrially 
produced footwear "'as manufactured in de\·doping 
countries. In that !Car. six de\doping countries 
produced more than 200 million pairs each. the bulk 
of them exported to other countries. In addition. 
HI per cent of the world"s wearing apparel was also 
produced by de\·eloping countries in 1989. 

fc) Housin.~ anJ sanitation. As with clothing. 
housing requirements differ widely among dneloping 
countries and between de\eloped and de\·cloping 
countries as a whole. ~ot only are the majority of 
de\"eloping countries phy~;cally located in the tropical 
and subtropical belts of the earth. but the majority c.;f 
the population in de\·eloping countries li\e in rural 
areas-a fact that makes e\·aluation doubl! difficult. 
since imprO\·ements in rural housing often escape 
official statistics. because they are almost al"'ays 
pri\·ately and informally accomplished. 

Go\·crnmcnts of developing countries participate in 
impro\·ing the housing situation. For example. in 
1987. public housing programmes along with com
munity amenities and welfare absorbed 16.6 per cent 
of the tot<al combined go\·ernment budgets of devel
oping countries. which was 3.6 times that of go\·crn
ment spending on health. 60 per cent more than the 
spending on education. and 32 per cent more than 
their military spending. The share of government 
spending on housing was especially high in some 
countries in Latin America. above 30 per cent. 
reaching close to 50 per cent in the case of Uruguay in 
19X7. 

The net result is that housing standards in dnel
oping countries have improved considerably in the 
past few decades. For example. the housing stock in 
most the Latin American countries increased between 
17 to 46 per cent during the period 1977-19XH. In 
Argentina. the housing stock increased from 7.6 million 
unih in 1977 to X.9 million in 19XX. Housing in 
Vene7Uela increased by HOO.O<lO units during the same 
period. rai'iing the 1977 figure of 2.5 million by 32 per 
cent. Bra1i! in the mean time built IO million new 
dwelling units. thus adding to the 21.5 million units it 
already had in 1977. hen in Tropical Africa. Zimbabwe 
constructed some 0.5 million new houses between 1977 
and 19XX. increasing the housing stock to 2.1 million 
units in 19XX. Another African country. :'liigeria. 
whose housing stock went up from 16.6 million units 
to 25.3 million units during the same period
rcgistcring a 53 per cent increase. 

In the two most po1mlous countries. China ( 275 mil
lion units in 19XX) and India I I IX million). the 
increase over the same 12-ycar period was 53 per cent 
and 11 per cent. respecti\cly. The most spectacular 
impr1wements were. how1:\·er. in countries and areas 
that have attained rapid economic growth in recent 
years. For example. in the Rep11blic of Korea. total 
housing stock increased by one and a half times 
during the 'ame 12-year period to reach 7 million 

20 

units m 19SX. while Hong K<lng 11.7 m1lhon units 
registered in I 9XS I. Ku"' ait I 0.25 millior. units I. 
Singapore (0. 7 mi!li.m units I. T 3iwan Pn.n ince 
1-'.9 milli<ln unit~l and Thailand (9.t> million units) all 
sho"'ed a 50 per 1."Cn! <lr lt'ore increa.;e. Closely behind 
these: countries and areas arc Indonesia 1-'3.5 milli<m 
unitsl in 198!\. ~fala!sia (3.1 million units). \frxico 
( 15 million units) and Philippines (HU million ur:its). 
"'ith a growth of .'O per cent or more during the same 
period. 

The modern CllOStruction of high-rise buildings 
requires concrete. steel. aluminium and glass. The 
tremendous increase in demand for these mL'dern 
building materials in de\·cloping countries indi1.-ates 
the qu:?litati\·e aspect of the increased housing stock. 
Thus. the apparent consumption of construction steel 
increased by 400 per cent between 1960 and 1983. Per 
capita consumption of cement also increased from 
K5 kilograms in 1977 to 136 kilograms in 1987 for 
dc\·doping countries as a whole. This a\·erage figure 
was. howe\·cr. greatiy influenced b! some oil-exporting 
countries in the Gulf. such as Bahrain. Iraq. Oman. 
Qatar and Saudi Arabia. where cement consumption 
amounted to more than 600 kilograms per head. 

Access to safe water and sanitation. including 
sewage facilities. are \·ital for better housing and li\ing 
standards. Although the population of dc\·cloping 
countries increas.!d by more than .io per cent between 
1970 and 1985. the percentage of population with 
access to safe water doubled. and surpassed the 50 per 
cent lc•·cl. However. there is still a great difference 
between urban and rural areas. In 1970. 13 per cent of 
rural households had access to safe water. In 19!!5. 
this proportion changed to co\er more than .io per 
cent of rural households. Yet. the Co\·crage in urban 
areas. at 75 per cent in 191\5. remains substantiall! 
higher. Improvement~ in sanitation are less specta
cular. One third of the dwellings in developing 
countries were equipped with sanitary facilities in 
19!!5. while the figure was below one quarter in 1970. 

fd) Durable gooJJ. In developed countries. durable 
household goods such as refrigerators. washing
machines and family automobiles arc all considered 
necessary items. The fact that developing countries 
have not reached this Incl of affluence is quite 
ob\ious. But the progress achined by them in their 
.. consumption .. of 1hesc and other consumer durables 
is still remarkable by any standard. Thus. the demand 
for household refrigerators and washing-machines in 
developing countries. while only for the pri\ilegeJ few 
in ihe 1960s. reached such a level in 19!!6 as to justify. 
in addition to imports. domestic production of 
10.9 million household refrigerators and 12.3 million 
washing-machines. 

Audi1H isual equipment including radios. tclnision 
sets and \idcotape recorders arc part of mtidern-day 
life. The number of radio recei\ers per 1.1100 inhabi
tants in de\cloping countries more than quadrupled 
between 1965 and 19!!7. and telnision se1s increased 
more than fivefold. with some Jc\eloping countries 
exceeding. or on a par with. the standard sci h~ 

de\eloped rnunlries. In 19!!7 m India and China. the 
1wo most populou~ countries. there were. rcspcct1\el~. 
62 million and 200 million radio rei:e1ver~; in use. lnd.:ed. 
in 191\6. mo'I de\ eloping countries with a populallon of 
10 million or more seemed lo ha\e had a s111ck of 



I m1lhcn .~r more teknswn sets. with the e'.\ception ••I 
some sub-Saharan Cl>untries. \"ideotapc: rccl>rders. the 
latest addition h• h,•useh,>ld kisure g•wds in de\el
oping countries. are ••W ned b~ more than 50 pc:r cent 
of tele\·ision-set t>wners in !\lalaysia. and more than 
.Ui per cent in Bahrain. •I.mg Kong. India. Lebanon. 
:--;igeria. Panama. Philippines. Qatar. Saudi Arabia. 
Singapore and L:nited Ar:ib Emirates. 

Passenger cars. the ultimate status s~ mbol in de\ el
oping countries only a decade or so ago. ha\e also 
shown a rapid increase. The number of officially 
registered passenger cars in 191!5 in de\·cloping coun
tries as a whole am.mnted to -'2.J million. which 
represented a fi\·efold increase since 19t>5. In the same 
year. consumers in de\clopcd countries possessed 
323 million cars-one for e\t~ry three and a half 
persons. wh:le the wc:rage for dncloping countries 
was !! I persons pc:r car. This neragc: figure for 
de\eloping countries is. howe\er. c:'.\pectc:d h• be 
substantially lo'"ered. for no other reason 1t:an the 
tremendous increase in passenger cars both in India 
and China. L'nofficial estimates put the lat.:st Indian 
figure at around J million and the Chinese figure at 
more than 2 million. reducing the: combined persons
pcr-car ratio in these two countries hl no more than 
-It)() to I. The sudden increase: in passenger cars in 
dc:\·eloping countries has. howe\c:r. been responsible 
for increased road accidents. the: rate: of which has 
doubled since 1975 in many de\cloping countries. 
including Chile. Jordan. Kuwait. Lesotho. !\lalaw i. 
Republic of Korea. Saudi Arabia and Senegal 

ft') Tt'lecommunicationJ. So far as telecommunica
tions arc: concerned. in 19X5 developing countries had 
some XI million installed telephones. or r.•ughly one 
telephone for c:\·c:ry -' 3 persons. This represents a I; I per 
cent increase -;incc 1975 in the number of telephones 
installed and a I :!fl per cent imprmcment in per capita 
terms. Again the picture: is e'.\pectcd to ha\c changed 
substantially. because since: 19~o many de\doping 
countries ha\e imcstc:d hea\il~ in modcrni1ing thc:!r 
telecommunications system. In 19Xfl alone. China. 
India. and the Republic of Korea each imested more 
than SI b1lli•.1n each in telecommunications e4uip
mc:nt. while Argentina. Bra1il. Hong Kong. Indonesia. 
!\lc:uco. Saudi Arabi<t and Taiwan Pro\ince arc: 
repnrtc:d to ha\C: 'pent between so.5 lo 51 billion each 
on their tc:lc:ph1>0c: 'c:r\icc:s. In the same ~car. Bratil 
had the largest number of installed telephone.; among 
dc:\eloping coun1rie.; and areas with 12.2 million unih 
in use. followed by the Republic of Korea with 
7_ 7 million. !\lc\ico 7.f\ million. Chin;i 7 I million. 
"I aiwan Pro\ ince f\. I million and India\\ ith -'·I million. 
Although the ah"•lute number is le"' in Western Asian 
countrie,. the rate of grnwth m telecommunication' 
ha' been ntc:n,i\e in Kuwait. Oman and other oil
e\porling coun1ne,_ ·\lgeria. Brunei. Burkina Faso. 
bench (iuiana ;ind \1auruiu' all managed 10 double 
the number of 1cleph1>0c:' per capita between 1975 and 
l9X5. 

fl) l.1·1111rc 1/l"l/\/111·1. One wa.' lo measure how 
well off a pc:r,on ha' he1.:ome materially i' to check 
how much 11me rhat per"1n 'pends on lr<l\clhng. 
reading and other lei,ure acll\ 111c:'. In the p;1,1 three 
decade' man~ dc\eloping counrnc:' 'larted operatm): 
rhc1r own na1111n;il ;11rlinc,.1.:arr~mg an e\er-mcrea,mg 

num~r of foreign and d.rn1eslic passengers. In 19X:'. 
the total '-"••mbined air tra\el ••nginating in de\c:loping 
c••untrics reached :! . .i b11li,•n p:issenger kilometres. 
C•lmparcJ with I.-; b!11i,•n passenger kil,>111e1res re-.:ordc:d 
in 197-. In 1975. '.itl. l million people in de\eloping 
cocntries read n.-wspapcrs Jail~. In 19St>. tlte dail~ 
ne\\spapcr readership in these countries reached 
I .lJ.5 million. In the mean time. rellecting th:: world
wide trend. the cinema-auending populau,m in de\c:l
oping C••Untries ha"> 1.kcreascJ dramatical!.' (from a 
19t>O-i970 a\·crage 1.•f S.7 billion in annual aucndance 
by:! billion people to a 1977-19SJ a\eragc: ,,f I.-' billion 
in attendance b.' 9t>J million people). but these figures 
rellc:cl a large drnp in the number oi countries 
reporting. in the second period. This phenomenon 
should t-e attributed to the grnwing pr.>minencc: of 
other m.>Jcs of entertainment. including home \·ideo 
machines. In spite ,,f the decreasing cinema attendance. 
India. the ~orld·s kading film-making C••untr.'. pro
duced SOt> films in 19l!fl. followed b.' the l"nitc:d States 
and Japan with 57X :ind :!~fl films. rcspecti\ely. 

The impro\c:d li\·ing standard thus far described 
concerns the .. pri\ate" dimension of material well
being. There arc: ;;.lso the .. social.. dimensions of 
material progress. which arc discussed in the following 
section. 

E. lndus1rializa1ion and qualil~ of life 

One of the most common complaints in public dis
cu.;sion about highly industriali1ed societies is that 
economic grow th d••es n•ll seem to brir.g about a 
noti.:eabl~ impw\c:d 4ualit~ ,,f life. Too ,,ftc:n eco
nomic growth seems to be a"ociated with more: of the 
bad than the good things in life. such as congested cit~ 
traffic. longer commuting times. increasing crime rates 
and atmo .. pheric pollution. In de\cloping countries. 
howe\er. the reality is such that the choice between 
economic grow th and the quality 1.•i life has a surreal 
4ualil.'. and the discussion surrounding it seems to be 
of a metaphysical nature. 

The l 'ni\c:rs:tl Declaration of Human Rights. adoplc:d 
in 19-'S b.' the (ieneral Assembly of the l "ni1ed 
:--;a1ion ... specificall.' proclaims the right of e\er.'or.c: 
to .. a .;tandard ,,f Ii\ ing ade4uatc for the health and 
well-being 11f him,elf. and of hi' famil~. including 
food. cl1>thing. housing and medical care and ncces'iar.' 
"'c1al sen ice~ ... ". II did not specify a minimum k\c:I 
of per capita GDP. Since the mid-1970s. some 
economish ha\e com1· forward 10 claim that the 
m;11erial rights 'pecificd in the Dc:clara11on 'hould be 
monitored through the use of indicators other than 
per capita Cil>P. including life C:\pectancy. caloric 
intake. infant mortalit~. 'chool enrolment ratios. 
access to ,afc: drinking w;11er ;ind'" fort'1. The: rc:a,11n 
is that while economic growth bring .. about material 
progre,· .. It oflen 'tra~s a~a~ from the true cour'e of 
1mpr<l\ing the "human cond111on". In that connec
rion. the I :nitc:d :"a11ons l>c:\clopment Programme: 
(I ':"!>Pl ha' recenily 1"11ed a report in which progre" 
'' mc:;l\urc:d hy using ii combined inde\-the human 
dC\ elopmcnl rndc:\- ,,f longe\ ity. htcrac.' and real 
purcha,ing pnwcr of the ,l\erage pc:r,on r<11her than 
lhc 1rad111onal per cap11;1 Cil>P ([.lj pp. '>-!t1). 
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Most of the s.:i-callcd growth-sceptics arc not rcaily 
against growth. but against growth which thc:y regard 
as having neither sense: nor purpose:. While sk~·scrapcrs 
dot the urban landscape. u is disfigured by slums with 
dismal sanitary conditions. While imported luxur~· 

goods proliferate in the urban dcpanmcm s; ires. the 
ncragc diet of the population in dc\·cioping countries 
remains far below the international stand•rd. While 
large industrial plants arc being built. schools seem 
dilapidated and o\·crcrowdcd. In the mean time. after 
decades of economic growth. the numbers of the 
absolute poor seem to be increasing rarhcr than 
decreasing in developing countrie. These: arc all 
legitimate concerns of any conscientious obscrnr of 
tile dc,·elopmcnt scene. And the fact that a strikingly 
similar story can be told of dc,·clopcd countries 
prompts the following question: for whom and for 
what is growth to be achieved? 

Some economists argue that income docs not 
impro,·c the human condition. However. this argu
ment has been based on inter-country comparisons. 
For example. in 1987 an ncragc person in China had 
an income :)f only S290. but could be expected to li\·c 
until the age of 70. or 28 years more than a person 
born in Sierra Leone. who had a per capita income of 
SJOO. On the other hand. an nerage person in Oman. 
blessed with an income of S5.8 IO, could expect to live 
no longer than 57 years. and the chance of males. and 
especially females. being literate was less than one in 
three. The Saudi Arabian had one of the highest per 
capita incomes CS6.200) among dc\·eloping countries 
in 1987. life expectancy was. howc\·er. not mu.::h 
higher than the overall average for developing coun
tries as a ~·hole. and the adult literacy rate was less 
than 60 per cent. In the same year. life expectancy of 
Costa Rica reached 75 vears with roughly a one 
quarter of the per capita income of Saudi Arabia. 

Any policy conclusion derived from such an intcr
country comparison would. however. be grossly mis
leading. because it is not a genuine and fair compari
son. What each country can show today in terms of 
human development is by definition the cumulative 

result of its past effort and achie,-cmcnts. How fair is 
it then to compare a countr~· with a development 
history of not more than three decades with one that 
has more than two centuries of industrialization 
behind it"! But more to the point. how valid is the 
criticism made against certain high-income developing 
countries for their conspicuous failure to translate 
their income into human development. when their 
high income .::ame about only recently and their 
human de,·elopment effort has outstripped all others 
since then? As stated before. the past three decades 
encompass practically !he entire span of development 
history for most developing countries. Some ob,·iously 
had an earlier stan and li longer tradition. On the 
other hand. many staned in much more unfavourable 
circumstances. Thus. if conditions in Mauritania. 
Niger. Rwanda. United Republic of Tanzania. Togo 
and Zaire seemed poor in 1987. their situations were 
far worse in 1960-cspecially m the case of Niger. 
Their current circumstances. difficult as they arc. 
rcprcsc:nt substantial impro,·cments C 50 per cent to 
240 per cent improvements in terms of the human 
de,·clopment index). and if a judgement is to be made 
against their human dc,·clopmcnt record. it should be 
based more appropriately on the progress made by 
thcs~ countries since 1960. 

In examining the social progress made by devel
oping countries. one can go beyond the three variables 
that make up the human development index. Ten 
additional variables arc examined below. They relate 
broadly to the three dimensions selected by human 
de,·elopmcnt index-longevity. literacy and income in 
relation to the poverty line. But they also add the 
dimensions of health. gender :\nd urbanization. For 
each of these \·ariables ~:1c progress in various 
countries over the years 1965-1986 is plotted graph
ically against real per capita income. The trajectory 
over time for c:!::h country is given by the length and 
the direction of :- country-specific arrow (sec figure 
1.4). While the O\ lit pattern soon emerges. in each 
case a curve is f d to the data. using the Locss 
interpolation algoritnm. (This is the hca,·y dark line in 
each figure.) 

Figure 1.4. Growth in Income and social Indicators 
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Figure 1.4 (cor.tlnued} 
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The o\·erall pattern in each case is remarkabl~ 
strong and denwnstrates the strong C<lrrdation 1.1. ith 
income grn1.1. th. The pattern is in o::ach case a non
linear one and increa~es 1.1.ith income grnwth but lewis 
off with life e\p«tartcy. calorie intake. primar~ 
enr<llment. secondary enrolment and urbanization. or 
diminishes with income growth but le\·ds off with 
infant mortality rate. illiteracy rate. crude birth rate. 
(hlpulation per hospital bed and pllpulation per 
physician. :\ slight \·ariation on these two basic 
patterns occurs for people beh)\\· the po\·erty· iine. 
Although there is a decline it is by steps rather than 
smooth. Thus there is an initial decline as income goes 
up to S500 ( 19XO prices) and there is little change up 
to about S 1.200. The decline then resumes up h> 

S2.500 and again le\·ets off. 
:\ different type of pattern emerges for female 

labour-force participation. It is spoon-shaped. As 
income rises to S 1.000. there is a fall in the participa
!ion rate from ab.mt 40 per cent to 20 per cent. But 
then it rises up to SJ.000 and reaches a plateau at 
25 per cent. Further rises in income show no increase 
in participati<m rates. 

These patterns are not meant to be uni\'ersal laws. 
and changing social practices as well as a concerted 

plllicy effort can no doubt m.xiify their shape. This is 
especially true of the last two \ariables discu-.sed. 
These patterns do. howe\·er. argu;: against the nai\·e 
idea that income growth bears no re!ation hl dimen
sions of well-being. The patterns tel: us that Clmntries 
are progressing along these general lines. albeit with 
many of c<mntry·-specifo: \·ariations. 

After decades of economic change. most de\·doping 
countries rem.iin absolute!~ and rdati\'ely poor. and 
the poorest among the P•h>r seem to be falling behind. 
Recent nmcern about social de\·elopment is shifting 
the world"s attenti<'n from the CC•>nomic disparities 
among countries to those within indi\·idual countries. 
The concern is genuine because in de\eloping coun
tries po\·erty is increasing. Growth sceptics would use 
this as e\·idence against growth which has failed to 
••trickle down·· to the poor. creating an unequal 
income distributwn. 

When growth is s~ill in its early stages. income 
distribution is said to deteriorate tbecomes less e\en) 
before impro\'ing (becomes more e\·enly distributed). 
This is known as Kuznets" Law. Figure 1.5 depicts the 
progress achie\·ed by indi\'idual dew~loping countries 
<l\'er a specific period of time ranging anywhere from 4 
to lb years. depending on the a\·ailability of data. In 

Figure 1.5. Growth and Income distribution In developed and developing countries over different time periods 
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the figure . ..:•lUntric:" that ha•c: ntnrc: ,,r lc:ss cnmplc:!c:l.i 
their initial pha-.c: <lf Je\dopment ... u.:h a .. Bra1il. 
\kxico and Repubh..: <lf 1'.nrea. ar.J t<• a lesser e\tent 
\talays1a. Philippine-. <?mi Sri Lanka. all "h<n\ the 
distinct hump predi..:ted by 1'.u1nets. The: fact that 
rem1gr6si\c: !nc<mtc: di"tributi.m happc:n" prc:domi
nantly in O.:<lUntries bdonging to the l<mc:r inc<inte 
strata .. 1ruggling to initiate: a gW\\!h pw..:c:s .. lin this 
sense. C:\·c:n Chile: and the blarni..: Republic cJf Iran 
might not be: the: nceptions. e .. pc:cially since the: data 
relate: to the: pre:- I 9SO period). strengthens the: .argu
ment that the: 1'.uznc:cs hump is one more: hurdle chat 
de\eloping countries ha\c: to o\ercome. 

It is thus true: that. in certain societies. barriers tn 

indi\·idual auainment grm\ing out of ec<lnomic. social 
and ethnic backgrounds remain \·ircually insurmount
able:. This means that young people: trying to extricate: 
themsef\·c:s from the handicap of a io\\e'." social and 
econt1mic status at birch ha\e \ery link chance <lf 
nto\ing up co a higher income bracket. Ho\\ever. an 
income distribution picture obsen·ed at any particular 
point in time has nothing ro say about a rapidly shifting 
cnnsrituency \\ithin a country-making the poor 1lf 
yesterday rich today and \·ice \·ersa. Historically. 
economic de\·elopment is known to play such tricks. It 
happened during the Industrial Re\o!ution and again 
during the era of the \1eiji Restoration in Japan. On a 
smaller scale. it is happening in China today. and \\ill 
most probably happen in the countries of East:rn 
Europe tomorrow. 

In the mean time. income distribution remains an 
emotin: social issue in de\·eloping counrries. If income 
were to be distribu1ed more en:n;y. more people 
would have access to basic needs such d' education. 
health. food and shelter. thereby reducing poverty. 
Appealing though the notion is. the fact is that no 
de\·eloping counrry today is in a position to eliminate 
mass poverty without growth. Sceptics mggest that 
growth and social equality are irreconcilable. But the 
reverse serms mor· the case. especially considering the 
drastic reappraisal of p.1li.:ies in Eastern Europe. 

The world has come a long way in realizing that 
pro\"ision for equal opportunity is as important as 
equal income distribution. De\ eloping countries ha\"e 
been increasingly persuaded of this creed. Howe\er. 
since chis has been applied with \"arying shades of 
c'>n\·iction and enthusia:>m. the: results have been 
uneven. Development requires the harnessing of energy 
of the entire population. and many de\ eloping countries 
ha\e yet to achie\e this aim by creating opportunitic" 
and spreading them as \\ idely and c\"enly as pos,ible. 
Yet. lo indict them individually and collecrivcly for a 
conscious neglect of social development seems execs· 
<ti\·e. for notwithsranding their differences. de\"eloping 
countries, withour exception. appear to have spent 
large portions of the national incomes on social 
development- that is. \\ hencver income grow th per
mi!ted it. 

It would he misleading. however. lo concentrate 
solely on these ··,oc1al .. dimens1,,ns of \\ell-being. 
There is the "private: .. dimension of imprmed avail
ability of traditional consumer goods discu-.sed earlier 
and an improvement 1n these goods throuy.h the use of 
modern tools and equipment. These material dimen· 
.. ions of 1mprovc:men! thr.mgh production arc di'
cussed in the following 'ect1on. 
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F. The scope of industrial production 

T•l a de\cl,lping ..:ounrry. in·.!u .. a1ali1ati•lll means 
more than a .. implc: 1mpr,l\em'-·nt 111 lll(<'lllC and 
<'ucput. h i,, a \\a~ •'f moderni1ing it-. pnmiti\e 
producu,m structure and transforming the entire: 
socitl-econ~1mic tradition a .. ,.ociated with it. In this 
.:nntext. it is 1mp.mant 10 measure industrialitation in 
its full scope: that is. in its extensi\ene .. s as \\ell a-. in 
HS incensi\enes ... l."sually indmtriali1ation takes ih 
initial hold \\ ith the introduction of modern produc
tion methods in a few industries before it spreads out 
to encompass many others. Historically. the initial 
impetus has come from resource-processing industries. 
Lately. howe\·er. man~ resource-poor de\·eloping coun
tries han~ made their ~tart by manufacturing labour
intc:n.,i\e light consumer goods such as footwear and 
wearing apparel. ~o matter "here the initial impetus 
originates. the m<>st important thing is to spread the 
e:\peric:ncc: of initial success as widel~ as possible and 
to transform as many primiti\e couage-industry t~ pes 
of industry into fully-fledged factory-oriented ones. 

One way of obtaining a bro:id picture of the pace at 
which industrializa1ion is taking place in de\c:loping 
countries is co examine the range of industrial 
acti\ ities e.\isting today again.,! that which exi-.ted 
three deca~es ago. As shown in tables IA.A. 1-4.B and 
1..1.C. de\·eloping countries are producing 1oday a 
much bigger \ariety of guods on an indu:mial scale. 
and the range of industrial products co\ered by 
de\·eloping countries as a whole practically exhaust-. 
the list of industriai commodities cla.,sified hv the 
Cnited ~ations for statistical purpose ... For example. 
up to 1970. in the majority of de\eloping countries 
food products produced on an industrial scale seem to 
have been limited to beer. ciga~eues and \\heat flour. 
Since then. more and more: de\eloping countries ha\·c 
acquired a taste for. and the necessary income lo 

purchase. other industrially processed food items such 
as tinned meats and \·egetables. and e\·cn frozen foods. 
WJth clothing need:,. the main industrial acti\ ities in 
developing countries seem lo ha\e been limited to the 
manufacture of co!lon fabrics and leather shoes. 
lea\ ing the chore of convening fabrics into wearing 
apparel largely t'' households or small cottage indus
tries. This tradition seems. however. hard to break
the new industrial acti\ities gained by de\eloping 
countrie' since 1970 being typified by towel-making 
and the manufacture of women·s sto..:kings. This is. of 
course. only the general picture for de\c:loping cnun
tries as a whole and the stor~ of a few Asian countric., 
gaining a predominant position in the export of 
textiles is \\ell kno\\n. So far as other .. undr~ 
consumer products :ire concerned. the mo.,! frequent!~ 
ob.,erved industrial acti\ities in 1970 were the manu
facture: of toilet soaps and laundry detergents. as \\ell 
as gasoline. lubricating oil and automobile tyres. In 
'ub,cquent years. de\cloping countries ha\c extended 
their range of manufactures to include paints. cxplo· 
'ivcs and photographic film-making. 

What distingui,hc., de\cloping countries from de\ el
oped i., (heir inability to fabrica1c me1ab and other 
material~. into modern machiner~ and t110ls required 
b~ factories as \\ell as h~ ordinary hou,cholds. Thu,. 
rhc con,11m1·r durable goods and capital good, indus· 
tric' ha\c both sho\\n limited growth. except ma few 
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Table 1.4.B. Scope of Industrial activities in developing countries: capital goods 

Commod I ty 

J-ur-g 1ng and stamu 1ng ma( ti 1r1os 
'~ttner at or s t 1 ,,. t1; l_fr Ju I t qr b t n~ 

Ottier· rltttal for-mn~ machine flHJI 
Roi I t11i;J m1 t Is for rol I 1ny metal 
ller.~romect1ar11cal t1and tc>ofs 
Pr Hit 1 ny presses 
Convnerc1al planes lpass /car-yu• 
So111n1rlg mactltnes 
Forll lift trtJc"s 
Motor-ven1cle er1y1r\es yastJI 1ne 
Locomot 1-.1es. ttlttctr •c 
Gr t ncJ 1 ng and sharpen t ny mact1 1 ne 
Other metal-c.uttn9 machine tool 
Mact11r1etools for worll tr1y wooa 
lo~omot1ves. diesel 
Motor-veh1cle eng1r1e~ ~1esel 
Or 111 tng arid hor 1r1g ma~htnes 
Plan1n9 snau1r19 slotr1g mdch1ne~ 
Metalworll 1ng presses 
Fn1tt1ng machines 
Bui ldozer-s 
Transformers less than 5 flVA 
Internal comUust•on engines 
Combine t1ar11ester - threshers 
Lathes 
Mil I 1ny machines 1cutterS' 
looms 
Passenger cars produced 
Coaches arid buses produc..eci 
Lorries 
01e~el eng1p95 Ce•cl fur c..ars1 
Compressors 
Cranes 
Electr1c motors I HP arid over 
flectr 1c1ty-supplv meters 
Ra• I passenger carriages 
Ploughs 
Tra~sformers ~ ll'VA arid over 
Refr1geratGrs foth than ctumest • 
Pumps for 1lCJt..J1ds 
Tractors of 10 HP ancJ over 
Coaches and Ouses assemt>ler1 
Lorr le:1. Inc ludlng art lculated 

Country 

Number of conmodtttA~ 

prortuct tnr~ star-t1td hernrR Oer:P""tl"r T'J70 
p,.oducttnn ''•rt111'1 •''"',. .Ja•111ar'I 1q11 

1987 
•Ll..,,1'.JIVN-- - -
w-G•-o .... m•oe»ca·.10taiC9~1/111t•• • •N....,...,...,...,...,,NI- - - - - - - - - - -

·-1970 0"1.,~0IO-~~.,.w•m·-~-o-N- -NN-00-0-------oooo 

dc\'clop1ng countric:,. Products in thco;c two categoric' 
arc not only tcchnology-intcn\i\'c. hut rc411irc large 
in\'cqmcnl which in mmt case' cannot h · 111,11licd 
hce<lll\C ol I he limited 'iitc of domc,tic mark ch. The 
fact that mc:rc co1111tric' arc producing tcchnolog1callv 
complicated radio and tclcvi,ion \Cl\ than le" tcd1-
nology-intcn,ivc clod' or hou,chold \Gtlc\ attc\h th1· 
1111portancc of domc,ltc markc:t 'iitc. 

An indigcnou' Gtpllal gooth 1mhl\try U\cd to he an 
C\\C1tl1al clement of any amh1t1ou' 111du,trialint1on 
plan. Both the I rnitcd State' and .Japan, and later the 
I ISSI<, all relative latecomer' on the indu,trial 'ccnc: in 
the nineteenth century, invc,tcd heavily 111 the capital 
good' indu..rry to catch up with ( ic:rmany and the 
I r1111cd Kingdom. Modern-day developing COlllllrlC:\ 

have, howe\'cr. followed a more logical \cq11cncc: 111 
md11,triali1at1on. prclcrr111g to 'tart with domc\llc 
production of imported non-durahlc con,umcr good\, 
thacaltcr mov111g into the import '"h,11111tion ol 
con\111ncr durahlc' hclorc 111\'<"\llllg 111 the: G1p1tal good' 
mdu,trv propc:1. I hi' 1lccl\1011 to pmtponc the devel
opment ol a d11mc\11c capital good' 111d11,1rv lo till' la\I 
'item' from two rc;1,onahlc \11ppo,i11011\ lh1· l1r't I' Iha I 
the 'hallowm·,.., ;111d r1arr11wm·" of d"m1·\fic mark cf\ 111 

2X 

developing countnc' make domc,tic product111n 11f 
capital good\ economically non-\'iahlc. The 11\'crall 
'itc of market\ limit\ all indu,trial acti\·iuc'. hut 
capital goods producer' arc more likely to he allccted 
hccau'c they ;ire, ma \Cnsc, twice removed from Imai 
con\umcr\. It " alway' ca,icr to find a h1111drcd 
com.11mcr\ willing 111 huy hicydc' than to find Ill hinclc 
manufacturer' seeking a dnmc,tic 111ad11nc-tool pro
ducer in dcvcl11p1ng c1111ntr1c\. Thc: 'c:cond ... uppo,it111n 
I' that developing c11untr1c' c;111 pr11ducc agro-ha,cd 
produch and textile' rclarivcl\' cheaply compared with 
machinery and 111ad11nc !ooh. and therefore tradmg 
light consurncr gornh produced domc,ticalh for cap1-
1al goo1h prod111.:cd 111 developed count ne.., on till' 
111tcrnati1111al market would he a ... cn ... 1hlc opl1on. 11 
thi' wcfc pnrrnttcd. 

hom the carlv IWiO.., 111 rhc latl' 19711\. wh1.·11 w11rld 
rradc wa' cxpa11d111g rapid!\' and i111crnat11111al movc
mcnl 111 capital wa' hccom111g morl· and more 
\lilde,prcad, lhc \ccond '"JlPll\111011 'l'cmcd pc:rlc:ctl\ 
valid and would have l1111c111111cd wrthout anv pr11-
hlc111,. lhu,, d11ring that period. den·lop1ng counlnc' 
'PClll more than ~O per ccnl ol tlwir gro" dome ... tr< 
pr11d11ct 011 lix!'!I cap11al l111mat111n a1111uallv. wh1k 



Table 1.4.C. Scope of Industrial activities In developing countrles: intermediate goods 
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l'"'· riTAtes .._,.,eats sr,.. •u '·• 
~ear1 T11oes ana o•P8S 
Stieers 1.1r"1er 1 """1 ,·011 '•;'1e<l 
Sl'le" ts under l ~ n~i f r n \ 1 ea 
Cc;pper t1Jr>es •nel' p •pes 
r:oooe• ,., .. e 
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~·r.ar e 1 •"''"' 'h•.;al'lt 
.~ • ...,c qn•r n·.r,Jl'l • 
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actively encouraging the import of modern machinery 
from developed countries -~·ith low or 1ero import 
duties. and often with large subsidized hank credits. 
This contrasted with their policy of protecting domestic 
consumer good~ industries (users of imported capital 
goods) through high tariffs and import licensing. 

IJnfortunately. the 19XOs brought with it a serious 
strain in the financial relationship between developed 
and developing countries. forcing trade between them 
to contract precipitously. The supposition of com
parative advantage became operationally obsolete 
when developing countries were told that their dis-
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aimination against imp<Hted c.msumcr go.llis in 
fa\'our of capital g<)l)ds ntll .ml~ causes d.imestic price 
distortions. but also \i•llates the free trade principle. 
and should therefore be ended. '.\tany de\'eioping 
countries ha\'e since then gradually .. liberaliLed .. thc:ir 
trade poli.:ic:s. effecti\el~ abandoning their stage-b~ -
stage dc:\elopment strategy. A passing note on this 
episode might be that trade between two c.iuntries is 
possible: e\·en w hc:n one: partner country produces 
e\'erything in the cheapest manner. because both 
countric:s deliberately chtlose to swap goods basc:d on 
domestic rather than on international price relati•m
ships. At presc:nt. onl~ a few de\'el•lping countries 
actually possess the capacity to produce industrial 
goods more cheaply than de\el,iped countries. But if 
they are pre\·ented frnm swapping consumer goods for 
capital goods. the\ will not be able to de\'elop their 
capacity to produce goods for export 10 international 
markets. 

International trade is becoming more and mnre 
competiti\·e. and seems to be functioning on an 
.. absolute .. rather than on a .. comparati\e .. ad\·antage 
basis. Thus. tradable goods that de\eloping C•>Untries 
can offer are becoming sparse. The consequent o\er
crowding among de\eloping-country suppliers in com
modity markets make their international prices low 
and \ olatile. 1'iatural resource- and agro-based indu5-
tries are typical examples. Resource-rich de\'eloping 
countries should ha\'e been encouraged to in\'est in the 
processing of industrial raw materials because most of 
the minerals and agricultural crops exporh:d from 
de\'eloping countries are shipped out with minimal 
industrial processing. But new industrial acti\'ities in 
the intermediate-goods-producing sector during thr 
past two decades has mostly been limited to resource
poor and resource-importing de\'eloping countries. 

Rel urning to the general picture:. the most frequently 
l•bser\'ed intermediate-goods-producing activities in 
de\'eloping countries are domestic-market-oriented and 
include cement. kernse;1e. asphalt. cotton yarn. bricks. 
fertilizers and prepared animal feeds. In 1970. some 
XO de\'eloping coun1ries posses~ed ccmenl plant,. whik 
only 4J countries prnduced their own cotton yarns. 
During the pas! twn decades. only three more coun
lries. namely Benin. Singapore and Togo. were able to 
join in !he production of cement. while !he number of 
countrie~ producing cotton yarns remained the same. 
This. in turn. sums up !he 'tatus of. and the 
development prmpects for ... ome 40 other developing 
countrie., thal were unable to produce even such basic 
and essential goods because of !he smallness and 
limited scope of their economics. There are. however. 
.. ome .. ucces .... rorics as well. Chile. Peru and Vcne1uela. 
expanded !heir range of intermediate goods produc
tion hy introducing 1inc. copper and aluminium 
proce.,sing and fabricating industrie ... as weli as some 
hasic and industrial chemicals. During !he •amc 
period. the Republic of Korea abo exlcnded ih range 
of intermediate good .. produc!ion in petrochemical... 
including plastic~ and 'Ynthe1ic fibres. and in metal 
proces~ing. lo ~upport ih shipbuilding and aulomohile 
industries. The mmt spectacular growth in the inter
mediate goods seclor wa~ .. however. ob.,ened in Bra1il 
and Turkey. each extending its range to cover almmt 
the entire ~prclrum of intermediate good' prod:1ction. 

JO 

G. The stock of human and ph~sic;1I capital 

:\lthnugh the imprtl\'ed lneb uf c.msum::->tinn and 
pr,Jduc1ion discussed S•• far indica1e the apparent 
progress made by de\'elnping ctiuntrics up to n.m _ 
wha1 reall~ matters i3 progress in the accumulat1t1n tlf 
.:apital. both physical and human. 

In 19S7. the de\eltlped market e.:on.m1ies a .. a 
gnlup pr,1duced stimc SJ.:!OO hillwn worth of manu
factured good .. I nel \'alue added I. empf,l~ ing 62 mill1.m 
indus:nal workers and inn:sting SJ 11 hilli<>n in ne\\ 
plants and equipment. jusl o\'er S5.290 per \\orker. In 
the 3ame year. den:hiping rnuntries excluding China 
producc:d S-Pfi billion worth of manufac1ured g,iod~ 
\\ith J8 million indu~trial cmphiyees. and in\e .. 1ed 
som~ S IOO billion. The in\·estment per \\ .irker was 
s.::.fiOO. or roughly one half Of !he per-worker inwst
ment b~ de\'el<ipcd rnun1ries in that ~ear. Physical 
imestmenb once made. h,iwc:,·er. las! l<mger than a 
~ear. and Ctmtinue to prnnde .. enice until the~ are 
scrapped or become obsulc:te. What count,_ 1herefore. 
is the amount of physical capital slock still useful for 
producli\·e purposes. 

Only a few CllUntries in the world make occaswnal 
a ti empts to estimate national w ealih: that is. tn asse~s 
the to1al \alue of all its physical assels including the 
\·alues of buildings. plants and equipment used in 
commercial and industrial acli\'ilies. Thus. according 
to national wealth data. Japan posse~sed (in 1%(1) 
some S-J..500 billi,m worth of physical capital (ex
cluding the \'afue of !and). while the t:nited S1ate' 
llwned (in 1985) some $3.500 billinn worth of physical 
capit:il dernted to commercial and industrial ac!i\itie~. 
Comparable data for de\·eloping countries are hard to 
ob1ain. bu! a perspecli\·e is pro\'ided b~ the figure of 
$400 billion for the Republic nf Korea in I 9S 7. 

An approximation to the real picture of ho\\ much 
physical capital de\'eloping countries as a whole tiwn j., 

pro\'ided by simply tabulating their rnmbined ~earl~ 
spending .. on gross capital formation in the past. Since 
physical asse1s depreciate in \'alue 11\er 11me. at \ariou-; 
ra1es for different reasons. it is necessary 111 specif~ a 
cul-off point that is reasnnable though arbitrary. Csing 
a IO-year cut-off pninl. the estimated rnmbined \'alue 
of !he physical capital stock oulstanding for all IJO 
developing countries was S4.622 billion in 1987 (in 1980 
constant dolla~ terms). This figure can be compared 
with that similarly computed for the 26 countries of !he 
Organisation for Economic Co-operation and De\'el
opment (OECD) coun1ries. amoun1ing 10 $ IX.325 bil
lion. The contras! hecomes 'harper if these physical 
capital slnck figures are put in per capita terms. Thu~ 
in 1987. people living in de\'eloping countrie" had 
$1. 750 per head al their disposal. while ir de\'elnped 
countries !his figure wa .. $22.500 (all in 1980 dollar 
lerm .. ). more than 12 limes greater. 

The producli\·ity of workers in de\'ell)pcJ cnunlrie~ 
i' expected lo be higher not <lilly hccau .. c !hey ha\c 
more piirl' and highway'. bu! because they ha\e more 
and beller-d.:~igned factorie' and machine toob lo 
work wi1h. Thu ... for example. industrial workers in 
Pakistan produced $7.500 in net value addc:d per head 
in manufacwring. endowed wilh S l.l.200 worth of 
plant and equipment capi1al in 19K7. Japanese indu'-
1rial worker,. on !he other hand. became the world", 
mm! pr,1ducli\'c wilh $5X,OOO worth of manufacturin~ 



ph~~i..:al ..:apital 0tnd prndu..:mg )N>.JOO p<r head 1all in 
..:urrc:nt pri..:c:s I. 

Jap;•.nc:sc: \\llrkcrs had. hn\\C:\c:r. a I.mer p<r ..:apita 
physical capual than thc:ir CllUntc:rpar:s in Finland. 
'c:thc:rlands and 'M\\a~ m 19lC Th:: high capital-hl
labllUr ratil>S l>bsc:n c:d in thc:sc: O:<lUntric:s rc:llc:ct ihc: 
rathc:r spc:cializc:d naturc: of their manufa..:turing acti\ i
tic:~ and smallc:r and lc:~s .:llmpk:-. industrial ba~c:~. In 
this rc:gard. thc: capual-intc:nsity figurc:s for dc:\·c:l,,ping 
countric:s would be: much highc:r than thc: norm. 

'.\.forc:lwc:r. dc:\d<lping countric:s starting industrial
i1a!ion with a minimal inJustrial base: <Jften find 
prnb:c:ms in manning thc: nc:w l~ Cllmplc:ted ph~ sic al 
plants with ~killc:d labour and trainc:d pc:r~<mnc:I. This 
is a1wthc:r faclllr that causc:s a high capital-to-labour 
ratlll in the initial phase: lli dc:\c:lopmc:nl. 

Figure l.t> c<Jmparc:~ the: ph\Sicai capital stock 1 IO
~c:ar accumulatc:d gwss im·c:stmc:nt:;I madc: a\ailablc: 
t<l c:ach mdustrial workc:r c:ngagc:d in manufacturing 
acti,itic:s in 51 C<mntric:s. In 1972. for C:\amplc:. the 

Figure 1.6. Stock of physical cas;ital in manufacturing values of plant and equipment per worker. 1972 and 1987 
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indus1rial \h!rker:.; in Bangladesh wc:n: equipped w ilh 
S.:!.2 IO worth llf physical capital per hc:ad. which was 
one quartl'.f l,f the: figmc: pre:\ ailing in rhc: Republic of 
Korea. and less than l>ne twc:nly-fourth l,f lhe aml'Unt 
a\ailabk ll' Japanese workers. In the same: year. the: 
llUtput per worker in Bangladesh was merely S 1.-.p 
tin net \·atuc: added) which was a link nll,re than l>ne 
fifth of the: ll:.orc:an Wl>rkers IS,..711(\) and nne twenty
fourth that l,f the Japanese: 1s..i l.S-H l Wllrker·s prl'duc
ti\"e prtlwess. By 19:\';" Bangladesh was abk Ill accu
mulate S•lme SMJ milli•'ll W••rth ,,f physical capital in 
manufacturing. which was appr•''imatdy a 511 per 
cenr iilcrease ,ner the S·Ufl milli,m in 19.,2. Yet. in the 
mean time. empl.,yment in the manufacu..ring sector 
has more than dlmbkd-frl,m 19S.000 "' -17f1Jl<KJ. 
reducing the hllal physical capital a\ailable Ill each 
workc:r hl S l.J50. The t!Ulput per worker. ht!We\el. 
impron:d hl reach S2A I 7. despite the: rapid increase in 
employment and the thinly spread capital ,h,ck. 

Because llf the: --1umpiness·· in im·estment. a rda
ti\·c:ly large im·es1ment made at any one time pushes 
up the capital-per-worker figure: unreas.:nably in s.,me 
countries. Bl,li\ ia. Chile: and Senegal all had unusually 
high capital-to-labour ratios in 1972. Am.mg these 
three countri1·s. Chile brought this ratin down through 
restrained inwstment prngramr.1es which sought di\·o:r
sification as well as cost-effecti\"enc:ss. By 19S-:". Chik"s 
illtal manufacturing employment was reduced fmm 
259.000 hl 2 IJ.000. and the output per woril:c:r 
impro\"ed fmm SI J.25fl to S.:!J.J..i..i. In Rnli\ia. capi!al 
im·c:stment Ctlmes in large chunb and almo,.t sr·.tradi
cally with huge differences in the k\"c:I of imestmem 
from one peri<xi tn another. and with the ine\itabk 
consequence of constantly changing capital-to-latwur 
and nutput-h!-lab.mr ra1ios . .-\s stated before. this is 
.. ymptomatic ,,f any de\eloping country with a limited 
industrial base. In the end. howe\er. Boli\·ia br,,ught 
down it~ capital-ltl-labour ra1io through a more 
orthodox manner of dtmbling its manufacturing 
employmenl from 70.51)() to 1-15 .. '211. In sharp wmrast 
to Boli\ia. imestmenl heha\·iour in Senegal has been 
completely predictable. inrnhing roughly SXO million 
e\"ery year since 1975. This means the country ·s total 
physical capital stock in manufacturing has not 
changed for some time. The result of this constant 
stock of capital was also predictable-because manu
facturing employment in Senegal doubled between 
1972 and 19SS. the output per worker declined almost 
by half. 

As can be seen from 1he abo\e examples. in\estment 
in physical capital ofien fails to impro\e labour 
pr.,ducti\"ity immediately or directly in de\"c:lnping 
countries. This is because in\estment in devc:lllping 
countries is often carried oul primarily to build a ne" 
or expand the e.\isting industrial base that i., hlo small 
or too fragile to prll\ 1de self-.. ustaining growth. 
lmestment in developing countries in such ;s ca'c: 
should he o;een mon.· in term" ,,f its employmenl 
creatiPn aspect. which in due time bestows a country 
with a .. ufficic:nt!y large industrial labour f,1rce. 
thereby improving its o\erall productivity. t:nfor
tunately. however. such an indirect route II• procure: 
productivity gains entail a much longer time horiton 
than what i' u'ua! in the international fin;mc1;il 
marketo;. Many cntic' ha\e pointed 0111 that \llCh 
long-term de\clopment capital should be generated 

within the CllUntric:s concerned. rather 1han b~ relying 
•'ll ••utside s••urce-.. Such criticism. ht•we\er. ign.,res 
the .:rucial fact that J,1mcsti..: "a\ ing-. are n••t fungible 
for imp•'rting '-·apital g•1tld-. fr,1m abrtlad. The scarcit~ 
,,f e\lernal capital. thc:ref,,re. remains the nlllst sc:ri"u' 
de\dtlpment ,,bstack for nwst de\el,,ping CllUntne-.. 

Ph~sical capi1al sh-.ck is •inly part ,,f the C:\planall••n 
"f 1he difference in ••utput per \\ ••rker in de\c:lt•ped 
and de\eloping C•'Ulltries . .-\ larger shick ,,f ph~sical 
capital leads to imprt•\ed pr.>dlKii\ it~ and higher 
•lUtput and inc<lme. Howe\·er. il rs human skills anJ 
human enterprise. a .. \\ell as the in,titution:-. ,,rgani1c:J 
and operated b~ men :.1.nd "''mc:n \\hich male the 
crucial difference in determining the speed and direc
ti•lll nf e'-onomic de\ elopment. This depends \ itall~ 
un the creation of a lab,,ur force e4uippeJ bo1h with 
the necessar~ techn.,logical skills for m.,dern indus
trial production and with a moti\ al ion nr philo-.ophy 
that facili1a1es :he acceptance and pn,nwtinn of 
eclmomi..: and lechnical change. There is an e-.sential 
Ct•mplemc:ntarity betwe~·n capital e4uipmcnt and tech
Olllogy and a skilled and moti\ateti labour force. 

Between 1970 and 19S7. literacy rates in de\ eloping 
Ctluntries rns: frllm 5S per cent to 1 7 per cent. \\ ith 
I .JI)() milli,,n more pctlple in dnel.lping C•!untries 
possessing functitinal literacy m 19S"". This incre;he in 
human cO?pital was a Cl>nsiderabk achie\c:men1. b.,th 
because it enabled the increased number of people 
better to exercise ci\ic and cultural rights. but als1l 
becau~:e ,,f the producti\ity increases that lilerac~ 

brings. There is nidcnce from '''me de\eloping 
countries that farmers with four years ,,f basic 
education achien: crop ~ ields 9 per cent higher than 
th,,se with•lUI educat1<in ((-1) p. U2l. 

Other bench-mark .. for measuring increase' in the 
shlck ,,f human capital are prll\ ided by data on 
percentage distributi,111 ,,f population by educational 
a:tainment. on annual graduate ,,utput and 1m annual 
output of engineers and scientists. Thus. bc:tween I 9fl5 
and 19116. the percentages ,,f the age grnup c:nr,,lled in 
first-. sec•md- and third-level education 111 the P•'pula
tion of de\ eloping C••Untries increased fwm 71'. 22 and 
3 per cen! to lllJ. -10 and 7 per cent. respecti\el~. In 
191\fl. for Asia. Africa arl'f I atin America and the 
Caribbean. the annual output of graduates fr,,m 
teniary-le\·el educa11<111al iristitu1i.111s numberc:d ..i mil
lion. in contras! to I. 5 mill inn in 1970 151. \foreo\er. 
the sto·:k of scientists and engineer.. engaged in 
research and dnelopment in dc\elopin!? countries 
increased by 52 per million inhabitants in 19Xfl. These 
number' gi\e an inJicati1111 of the \er~ comiderat>le 
investment in human capital m dC\eloping countric' 
o\er ;h,· peri1ld mentioned. The \\h••k of the ir.pu! 
co .. ts a""lciated "ith the pro\ision of education at 
various levels ob\iousl~ cannot be sci against in\"e,1-
ment in human capital. ;11 lea .. 1 a proportion 1tl these 
costs ha\"e to be rcckon~d a' c.111,umption npcndr
turc:. and this proponion may ;.ar~ with the IC\cl and 
field of education. Thus. while the education pro\ ided 
to liberal arts graduates may be reckoned to be le .... 
directly productive than that provided in science and 
technology. II may ne\erthelcss be the case: thal 
hro;1dly-based c:ducatinn and an understanding of the 
fundamental values that society c .. p1lll\CS may he 
e'senllal in transfllfming and m11derni1mg the eco
nomies nf dnelopin~ counlrics. 



Table 1.5. Engineering products manufactured In deftloping countries. 1970 and 1987 
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Since 1979. UNIOO ha:; maintained 
a small team of experts who have 
rendered technical assistance to 
developing countries in the acQu1s1-
tion of technology for the capital 
goods sector The team uses the 
"technological complexity a:ia1ys1s .. 
which. m essence. breaks down a 
particular finished capital good into 
all its constituent parts. each of 
wt:1cn undergoes a sen es of separate 
production processes before they 
are put together with the compo
nents purchased externally at the 
final assembly stage. The detailed 
list of parts and components so 
1dent1fied receives expert appraisal 
as to their levels of d1fficu1ty in 
manufacturing. on the basis of the 
part;cular set of production proces
ses involved and the degree of skill 
needed 1n the p;oduct1on processes 
to obtain an output of standard 
Quality isee Global Report 1989 90. 
pp. 123-128) 

Information about the level of 
skills which is required to start 
and operate a factory to assemble 
machinery is an important tech
nological component needed to 
assess the feasibility of a planned 
investment project or analyse the 
current level of technology of a 
country. It is therefore of wide 
concern and inten'!st to many Govern
ments. But 1t is also well known that 
the quantitative measurement of the 
level of skills 1s very difficult and 
tedious. mainly because the kind of 
skills reQ~med in each production 
assembly process is quite different. 
and a tremendous amount of tech· 
meal information is necessary for 
any systematic measurement. Also. 
the credibility of the result largely 
depends on the expertise ot the 
team that worked on !he assess
ment. 

The UNIOO team measured the 
level of skill required for 145 sub
pr:>ducts in the machinery and equip-

Technology complexity index 

ment industry. and has published a 
technological complexity 1r.dex for 
lOi countries for l9i0 and 1984 
The present report provides further 
resuits based on the extension of the 
methodology and newer data 

The production ol machinery can 
be seen as manufacturing and 
assembling of many parts and 
components. It requires two basic 
sk1hs: running a factory (start-up 
and operation). and producing the 
n££es~ary parts. when they are 
supplied dome~t;cally. The UNIDO 
experts defined the skill score (5) for 
each assembling and parts and 
components production activity. 
considering 45 distinct technology 
elements includi!"lg organ1Z1ng. 
managing and executing factory 
operations. besides different machine
operating skills. Thus the tech
nological complexity index (TCI) of 
the Hh machinery production 
((TCl\ 1) is the sum of the skill score 
of the assembling activity (5,) and 
tt.e sum of the TCI of each part and 
component (J). 

(TCIJ, 0 (5), • !; (TCl)1 - P1 

When a country imports some 
parts. that country does not require 
the necessary skills to produce 
these parts. Therefore the necessary 
skills to produce parts must only be 
counted 1f these are domestically 
produced. Thus. in the above equa
tion. P1 will become unity when the 
1-th part 1s domestically produced 
and will be zero when imported. In 
Global Reporr 1988 89. the average 
pattern observed 1n manufacturing 
establtshments in developed coun
tries was adopted to determine 
whether these parts were domesti
cally produced or not. The TCI or a 
part was defined an a similar fashion 
following the same formula. Thus 
(TCI). reflects the complexity of the 
entire range of domestic processes 
undertaken to produce i. 

In tr.e present report two further 
extensions have been made and new 
data used ilP to 198i First. two 
different patterns of domestic pro
duction (0. R; were calculated and 
the:i two indices. namely the total 
technological com:>lex1ty index 
tTTCI) and the net techno':>g1ca1 
corr.plex1ty index (NTCl1 were 
defined. 

1TTCI),' iS1, • !: 1TCl11 • 0: 
(NTCI),' (5), • ! 1 (TCI):" R, 

0 and R take the value of unity 
only when the 1-th part is domes
tically produced As before. Q was 
calculated on the basis of !he 
pattern of developed countries that 
showed a high se1t-suff1c1ency in 
production of parts. But R was 
calculated on the basis of the 
pattern of developed countries with 
low self-sufficiency of parts Thus 
two different skills scores tor each 
sub-product of machinery and equip
ment industry was tabulated Out of 
the two different patterns of domestic 
produ:t1on. 1t was observed that the 
pattern of developed countries with 
low self-sufficiency described better 
the current pattern of developing 
countries. 

Secondly. the overall tec'1nolog1-
cal complexity index (OTCI) for 
each developing country was cal· 
culated by adding the NTCI of each 
sub-product of the machinery in
dustry when this sub-product was 
domestically produced The OTCI of 
the k-th country is thus defined as 
follows 

(OTCI). '!, (NCTI). • H, 

H will take the value of unity or zero 
depending on whether the 1-th sub
product is domestically produced or 
not. The index for a country will 
lherefore be bigger when this country 
produces a wider range of sub
products in the machinery industry 
and when this country produces 
more sophisticated sub-products. 

One of I he prcrequ1~i1e' for mJu,1 n;ih1;11ton i, 1 he 
a\ailahilit~ of a 'killed "11rk-for.:e. Tcchnolog~ .:an he 
imported 1hrt1ugh the pur.:ha'e of ;1d\anced m;u.:hmer~ 
de,1gncd and produced ahroad. nr ,,f the de,1gn and 
engineering 'pec1f1Lalt• '"' f11r the mad11ncr~ I he 
'kil1' re411ircd tt1 operate 1he mad11nc' C\pcnl~ arc. 
ho"C\er. nnl~ a.:quired through prac!tcc. The h;l\ti: 
aptitude nf ""rkcr, '' 1mpor!i111t ll11"ncr. c\cn 1h1' 
take' a long time 111 .:hange. e'pcciall~ 111 dc\"l11pmg 
countnc' "ithou! con,1an1 c\p11,urc· pf the pop111.11t11n 
lo modern mode, of prod11c11on. l>e\elop111g co11n1rie' 
ha\e, ho1.1.c\cr. come a long "'I\. and 'onie of them 

h;l\e ;icq111rcd 'kil1' 111 produc.: mo'! ,,f the 1mh1,tri;il 
product\ i.:urrcntl~ manufactured in dc\t•lopcd c111111· 
tnc,. 
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I ahlc I 5 heio1.1. gl\c' an indic;1l11>n ,,f the pr .. grc.,., 
a.:h1c\ed h~ dc\cltipin~ countne' in their capacit\ to 
m;inufactun: \ariou, eng111ecring pr.1duc1' hct"ccn 
1970 and I 9X "'. I he d1,tmg111,hmg ,.,pci.:1 of engmeer111g 
pr11duri- '' tha1 the\ rc4111rc 'o-.:allcd me1al-pr1•ce"111g 
;ind me1al-fahnc;i1111g ,kith ;ind ted1110log1t·, S111ce 
thc,c arc l.'rlli.:1;il 'k1l1' and technologic' needed fnr 
111d11,1riah1at111n. I ':\IDO 111a111t;11n' a c11mplc1e 1men
ton of them "1th a 'cl of 'core' Jc,1gncd lo 111dll.'a!c 



the: le\c:l <lf difficult~ m mastering each "~cific skill. 
Each industrial pr.lduct. m turr.. recc:i\c:s an .wc:ra!I 
,,c,m: <lf skill requirements based <ln a careful c:'amina
tion <lf its pr.lducti<ln pr<lCC:SS I s.:c: box)_ 

In table L5 a rc:presc:ntatin: sample <lf some: 
l.W engineering pr.lducts is sh<lW n in descending ordc:r 
<lf ··skill-intc:nsi\·c:nc:ss .. estimated b\ t:~IDO_ The 
namc:s <lf C<lUntric:s ap~ar at the: b.ntom <lf the: table 
with thc:ir rc:s~ti\C: producti\'c: acti\ itic:,, for 1970 and 
19S'. Cumulati\C: "corc:s indicating the: ,wc:rall skill 
lc:\c:l for c:ach C<lUntry arc: sh<lWn m table Lt>. Thc:sc 
arc: basc:d on the: analysis <lf skil.J 1sc:d to pr<lducc: :he: 
particular mi\ of c:nginc:c:ring products c:ach country is 
rc:portc:d to ha\c: prnducc:d in !970 and I9t\7_ 

hDlc u. ftdlloloqie&l gpibjljt1 II!! imstri•l stills i• 
dmlapil!j cwtrics mv Md 1917 
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Thus. in 19!\7. Yugoslavia led dc:\c:loping countries 
with a score: of 9.2!0. with second and third places 
occupied by Brazil and the: Republic of Korea 
registering O\'C:rall skill le\·els <lf t>.925 and t>.346 
p.lints. rc:spc:cti\·c:Iy. All three countries produced an 
C:\tensi\·e range: of engineering products in 1987 (more 
than 80 out of 140) that arc: more: than comparable: to 
some of those produced by de\c:loped countries. In 
1970. howc:vc:r. Brazil had onl~ 24 engineering pro
ducts with an overall skill content of 2.020. while the 
Republic of Korea had 37 items with a skill content of 
2.570_ In 1987. Colombia. India and Turkey all 
recei\'ed a similar score and positioned themseh·es just 
ahc:a<i of China and the Philippines. The progress 
made by the latter two since 1970. howe\'er. is 
noteworthy. 

Some 18 developing countries received scores ranging 
between 1.000 and 3.000 in 1987. producing from 
16 ,o 40 different engineering product~ They represent 
the typical sample group for de.,,.cloping countries. in 
the sense that they belong neither to the NICs nor to 
the lea~t-developc:d-countries gro1:p. The a\·erage le\'el 
,,f skills acquired by this group of countries in 1987 
was still one fifth the lc\'el fo1Jnd in developed 
countries. This, however. compares with the c::ictremely 
low level (roughly one tc:nth that of dneloped 
c.iuntries) of skills pre\·ailing in these countries iess 
than two decades ago. 

The real problem lies with some 90 other developing 
count~ies that have either a small or no engineering 
industry to pro.,,.ide the training ground for the basic 
metal-processing and metal-fabricating skills needed. 
In 1987. some 30 de.,,.eloping countries did manage, in 
their ,iwn fashion. to con\'ert and transform metals 
with traditional methods; that is. without the use of 
speciali1ed machine tools. In.,,.ariably these countries 
belong to the group of least dnclopcd countries with 
a long and tortuous road ahead in their economic 
development. During the past two decades. however. 
the rest of the 50 countries in this group have made 
hc:ad starts. 19 of them from scratch and the rest from 
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a. minuscuk ba-.c. and indU1.k !'tar performers -.uch a!' 
Bangladesh. (\'lte J"h••tre. C~pru!'>. Gab,•n. lra4 and 
\tala~ .. ia. 

Techn,•lugical chanJl!e 1s a prim<: forcc for ecnn,•mic 
de\dopment. hir de\doping c.iuntrics. ncv. tc:-ch
n.•log~ as <•rgani1cd knov. kdge m ibdf or as embodied 
in nev. products and nen pr.icesses. comes mainl~ 
from outstde. What ts important for de\e!oping 
countries. thcrefore. is the diffusi,•n of nev.l~-gained 
kn.iv. ledge "hich it j., hoped "ill start a chain ,,f 
progrc..s in v. hich techn<>log~ feeds up.in ibelf. Ew
nomists ha\·e fre4uently argued that nen ccchnolog~ 
.:oming from <•utside is b~ definition alien to the 
socio-culrural and e.:onomic em·ironmc-nt ,,f de\d
oping countries and is therefore frequently resisted. 
During the p.ist two decades. howe\·er. de\doping 
countries h;ne shown not t•nly the determination to 
l·hange. but some mo thirds of them .. eem to ha\e 
succeeded in imbuing their societies "ith an ethos of 
change which is dri\en b~ modern production tech
nology. 

H. The relatin status of dneloping countries 
in international co-operation 

It is possible for some countries tu industrialize 
alone. The L"nited Kingdom. where the modern 
industrial re\olurion was born. was alone at rhe 
beginning. Bue e\en here. the foundations for this first 
Industrial Renilution were laid upon that country·., 
prowess in o\'erseas trade: that is. international co
operation. whether with its many colonies spanning 
the globe or with foreign s•.nereign States. Thal such 
co-operation was not always ·asy. 11or peaceful. can 
be seen in the great efforts su•creign State~ made 10 
keep markecs open or c!osed. Apart from trade. other 
forms of international c•i-operation. in particular 
in\'esrmem in its direcc and indirect forms. also 
facilicate indu,1riali1ation and development. This can 
be seen. for example. in the early dc\'elopmenl of the 
L'nited States. where direct foreign im·estment. as \\Cll 
as bank loans and foreign bond flotations. facilitated 
the construction ,1f a modern transport and communi
cations infrastructure. and the establishment of a wide 
range of directly producti\e industrial facilities. The 
present section focuses on the three crucial aspects 
of interna1i11nal co-operati<•n-international trade. 
foreign direct imestment and foreign borrowing-and 
on the progres.s achie\'ed by de\'eloping countries in 
mobili1ing interna11onal co-operation 10 foster their 
industrial dnclopmenr. 

Between 1970 and 191<7. the merchandise exports of 
de\'cloping countries increased from $57 billion to 
S496 billion per annum. while o\'er thi., same period 
the exports of de\ eloped countries rose from $257 billion 
to $1.987 billion per annum. What is particularly 
,..ignificant in the trenJ of developing country exports 
is rhe rising proportion of manufactures in this traJe. 
so thar h} the }car 1985. more than half the total 
exports of developing countries consisted of manu
factures, and hy 19X7. no less than 62 per cent of 
developing country cxporl\ con,isted of m:inufacrured 
goods. ff atrention j, focused on trade e:.changes 
hetween de\'cloped and de\'eloping countries. between 
19711 and 19X7 de\ eloping countric.s -.old $4.262 billion 

I in current d<•llar'> I "' Jen~l,ipcd c,1un1ric:-s. ,,f n hich 
$I .1'-lS billi<m l·lY per l·eni I C<ln.,isted ,,f manufacture,.. 
and de\doped C<•untm:" S••ld $3.992 bi1Ii,1n tn Je\cl
oping C••Untries. ,,f \\ htch $.'.-'29 billion CllnSt!'>teJ uf 
manufacturc:s: that i'>. Jc·.e(,1ping countries had a 
'urplu" ,,f trade nith de\C::,•peJ C<•i...:trie .. t>\er the 
1--~ ear pcri,>J. \f,>reo\er. thi-. trade imb.ilanci: ha!' 
been e\en more pronounced in the post-19S2 debt 
cri:-.i' peri<•d. This situati<in had adminnfly becn 
abnt•rmal: cnuntric, that are Je\cl,iping usually n:n 
trade deficits as the~ import capical goods. and such 
countne., u .. ually manage to balance their accnunb by 
dire.:t foreign imestment and e\ternal bt•rrowing . .-\ 
closer examinati<in ,,f the trade data re\'eals tha~ the 
bulk of trade surplu .. es occurred in the post-i%2 
period when the debt crisis erupted. \tany countne., 
were forced to curtail their imports rand this affected 
the C\port .. particular!~ of the l'.nited States). and at 
the same time to run an e\P••rt .. urplu .. to keep up 
n ith debt sen icing. Yet. while t'"' much v.eight 
cannot be placed on thi: trade situation in a -.ing!e 
year. in 19Xti when Chere was o\·cr 9 per cent 
expansion of world trade. exports of de\eloping 
countries actually declined by 10 per cent. Part of that 
stagnation was accounted for b~ the decline in the price 
of nil e\ports. but more significant was the fact chat 
exporters of manufactur~ from de\eloping countries 
could only manage a rise of les .. than J per ct:'ll in 19X6. 
The problem i~ chat dc\eloping c.iuntries are finding 
market access for their products increa-.ingly difficult. 
Their agricultural exports face the twin difficulty of Ion 
income elasticit~ of demand in de\eloped counrry 
markets Ctiupled nith agricultural rC:gime-. that are 
highly protectiw of domestic producers. \loremer. 
industrial raw material exports face structural changes 
within de\·e1oped countries away from -.moke-stack 
industries. De\·eloping-counrry-manufactured expllrts 
also face increasingly .. riff protectionist barriers in 
de\·eloped countries-that \\as one reason why chese 
manufacturers did not share significantly in the global 
tradi: expansion in 19!\6. In one sense. the problem i' 
quite simple: after ha\ ing lent significant sums lo 
dneloping countries in the 1970s. much of "hich was 
used for indus1riali1a1ion based on technology and 
capital e(juipment c\poricd from the :"orth. de\eloped 
countries legitimacely demand debt repayment and 
sen icing. but irrationall~ place barriers before manu
facturers in the South n ho ha\e the competence and 
capability lo sell their goods in markets of the ~orth. 
and so as to obtain the foreign exchange to deal nith 
their debts. The world nas much more inrerdepend::nt 
in 19X7 than in 1970: international trade wmpri,ed 
15 per cent of norld c;:o-;p in 1987 compared with 
10 per cent in 1970. The world as a \\hole gains fnm1 
interdependence. hut I•> continue 10 make such gain ... 
all must c11-opera1e and !he opening-up mu .. r he 
mutual. 

Man~ Je\cl,>ping .:<1un11ic .. h.ne in the pa .. 1 had 
mixed feelings regarding foreign direc.t i:ne .. 1men1. 
Some of these countrie' ha\e been ;1fraid of the p1mer 
of the uhiq11ito11-. transnational corpora11on,. \\ ho .. e 
'ales re\ enue' sometime:' d\\ arf !he gro'' national 
product ((i:"liP) of smaller economies. ~tore recentl~. 
however. a combination of factor' has led to a re\ j,ed 
perception of lransn<1tional corporation'. De\cloping 
co11n1rie, ha\'C gained ;1 heller ;1ppre(;iati11n ,,f 1hc 



management kno\\ ·h•n'. market acce~., and tc.:hn,•logy 
"hich trausn;Hi,>nal C••rporau''"' can deli\ er. Thc 
initial um,illingnc"' lt• accept pre,.cripti••n., fr,,m thc 
lntcrnalll•nal \fonctary Fund 11\1 Fl and the W..rld 
Bank has changcd f,,r Sl>nte .:.>ur.trie,: hl cnthusiasti.: 
cndorscment. The c'!ernal Cl>mmercial hanking c.im
munity has becn un" illing to lend hi many countrics. 
thus pn•mpting an C\cn nwre dcsperatc "carch for 
ime,.tment res,iurccs. Pcrhaps thc m''"t significant 
f.tctor. I: •\\c\er. I'; that .. ome c,1untrie., ha\c bec,>me 
morc seli-confident-and more e!1.perienccd-in dealing 
"ith foreign im estors. and less willing to kt perccpti,ms 
of infringemems of national so\ereignty stand in thc 
\\ay of co-operation that is reck.mcd 1<1 be mutually 
bcneficial. Foreign im·estors ha\e also become more 
tle)!.ible in regard tll the type of w-operation in whi.:h 
they are \\illing to engage. Traditionally a trans
national Cl>rporati•m \\,iuld ha,·e o\\ned most of the 
equity im·estment in its empire ,,f foreign rnmpanies 
and subsidiaries. The new trend is !'>wards joint 
'entures. international sub-contracting arrangements. 
li::ensing agrcements. franchising. managcmi .t and 
marketing comracts.. and producti•lll and other risk
sharing agrecments. These new 1-..1rms of mutual co
operation pnwide a framcwork for entrepreneurs. 
owner., of tangible and intangible asscts such as land. 
equipment. technology and other forms of k11<•w-how. 
and financiers to join forces. di\ ide risks and resp.m
sibilities and share effecti\e c,mtrol among owners of 
equity. Deals can be negotiated inrnl\ing a mix of 
cash. technology. production management and market
ing know-how that can be bener suited to the needs ,,f 
,·arious in\e.,tment partners. For the countries inn>h-ed. 
it can pro,·ide a \chick for developing production 
capaci::es and comp!:titi\e '>lrengths in key industries. 

The C)!.perience of de,c:loping countri.:s in attracting 
foreign direct im·estment has \aried considerably. but 
the p11licy package adopted and implemented by 
countries that ha\e been most successful in auracting 
increased foreign direct investment (including some 
countries with relati\ely high lc\els of indebtedness). 
has been based on the foll,l\\ing: a good macro
economic performarn.:e and confidence in its sustain
ability: realistic. sound and effective economic policies: 
effecti\e use of scarce financial resources: open. mark..:t
oriented trade and industrial policie'i and a dynamic 
pri\atc sector: and stable and predictable foreii:n 
in\estment ;wlicies that pro\ide fair and transparent 
rules of the game. Data on foreign direct in\estmcnt 
flows !" de\eloping countries arc inadequate. Such 
tlmn are subject to a 'aric:ty of influences. including 
conditions in the de\cloped countries from \\hich 
ill\cstment is deri,ed. global economic conditions. the 
a\ailability of other ,,mrccs of in\e,1mcnt. and. in the 
ne\\ decade of the 1990s. the auractions of other host 
countr~ destinations such a' the countries of Eastern 
Europe. 

While d1rec1 foreign IO\estment flows have lluctuated 
considerably since 19711. the changing trend' during 
1his period have been marked. In current dollar terms. 
the flow in 1970 was $.l. 7 billion. and 11 fluc111;11ed 
around this lc\cl hefore falling lo S !. I hi Ilion in 1974: 
1hcrcafter ii increased lo around $Ill h1lhon in the 
post-1975 period until l9X5. al which poinl onl~ 

$6.7 hillion wa' 111\e .. 1cd. Suhsc4uently 1here "a' 
recovery in l9X6 and 19X7 to $12.2 and $1.l.2 billion. 

re .. pe..:ti\el~. Sin.:e tt>e'>C figures are in currcnt dollars. 
and gi\cn the e,p(,1s1un m internatwna! direct ime.,,t
mcnt as a \\hole ,ner the l'ro t•• 191'- pcri,1d. frnm 
ab,1u1 S IO hilh,1n t•• ahl•ut SI IO billion annually. it can 
be: sc~n that an e'er-falling pr.,portinn ,,f direct 
ime .. tmcnt ha" ti.:cn attracted"' de\el,1ping C••untries. 
Thcr.: has also been a significant shift in the desun.1-
ti,in ,,f dirc.:t ill\estrnenl among de\eloping C•1untric ... 
\\ ith the ... hare ,,f Latin .-\merica falling fnim 51.n per 
cent in the 19-:-ti-19XO peri,1d h• -'7.X per cent in 19Xl-
19Xti pcri••d: the shan: nf Africa falling fr,•m 11 per 
.:ent hi 9.5 per cer.t: and the "hare •>f South-Ea"! A .. ia 
ri .. ing fnim 21.5 per cent to .29.X per cent. h is als,1 
noteworthy that in .-\frica. during the 19X l-19Xti 
period. some 90 per cent of the foreign imestment 
went to Algeria. Cameroon. :-.;igcria and Tunisia. and 
that there was a significant deteriorati,m after 19!\2 
in sub-Saharan Africa. with imestment falling from 
S.2 . .2 billion tu S.lP million in l 9X3. and \\ ith dis
im·estment of 5229 million and Sti5 million in 1984 
and 19X5 respecti\·ely. before reco\ering slightly to an 
inflow ofS543 million in I9Xti [ti). 

While the picture painted abll\"e is somewhat 
gloomy. particularly for sub-Saharan Africa. it i., 
relie\ed somewh21 by the buoyancy ,,f imestment i1: 
Asia. especially South-East Asia. and by the main
tenance ,,f direct foreign in\estment flows h> Latin 
America ofSI.2 billion to SD billion in 19Xti and 19X7. 
Despite the debt problem and the economic and .,,icial 
dislocation caused by that problem. the region was 
still able to regain the confidence of foreign in' es tors 
.i.nd attract sums that are not insignificant. 

The change of policies with regard Ill direct foreign 
im·estment has been part of a wider range of policies 
placing greater emphasis on the place of market forces 
in e.:onomic de\elopment: for e)!.ample. financial 
liberalization. a reduction of import c.mtrols and high 
tariff barriers and greater reliance on competition and 
the pri\atc sector. Financial !iberali1ati•rn has been 
accompanied often by measures to expand stock 
markets as a mechanism for the mobili1ation and 
allocation ,,f financial resources. and in a number of 
cases has served ,o open channels for ne" types of 
foreign in\·estmcnt. While the total capitalization of 
these markets is still small compared with the G~Ps 
of the countries in w hi1;h they operate. the end of 
191!9 this capitali1ation amounted 111 S550 billion in 
the lfi most imp11rtant markets. There has been the 
recognition in many dnet.iping countries that equity 
markets can !'>e more than an adjunct lo .:apital 
markets. As loans dry up. developing countries have 
increasing!~ turned lo equity markets as,; conduit for 
foreign financial resources. \1orcover. some countries 
ha\e heen more receptive to portfolio ime .. tmcnt than 
10 direct im·cstment because the infringement on 
so\ereignt~ is perceived to he less. The International 
Finance Corporation (IFCI has played a maj,:r role. 
hoth in the m"de1 nitdlion of Je\cl11ping-(;1111n1ry 
equity markeh and in the launching of the ··countr\ 
fund" concept as a conduil for investment. A mulual 
fund would he launched primarily geared to the 
exlernal in'ililulional in\cslor. \\hich \\ould promote 
the: countr~ as an in\c~tmenl location in the major 
C:\ternal stock markel,, and \\hich "ould he a '"clmcd
end'" fund. so that mone\ would not flow mlo and out 
of the market rapidly. h11m a handful of country 
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fund, prillr hl 11.Jl\fl. nhnc than 50 C\lllrtry fund, \\t:n: 
laun..:hed bet"ccn 11.Jl\t> and 19S9. ~o al.me m 191'9. 
The IFC ha, bec:n lllH•hcd 111 2--l ,,f the'c fund, a' 
'fk'"'''r. kad 11r cn-kad manager. placement agcm <lr 
in\C:,lllr. and ha, 'uppllrtt:d !'l,1th !lC\\ mnney fund' 
and deh1-c4uil\ C•lll\t:rs:.•n fund,. 

Thi' change ,lf pnlicy ,1ancc h;., recently ocgan lt1 
shm\ hencfil,. The capital markch ,,f dnd1lpt:d 
c<1untric:' ha\ c bc:gun nw't rc:ccnll\ h• take:: ;;a 
1lplimi,,tic \it:\\ ,,f the: C\P<lrl pn•,pccb •lf '"me highh 
indchtcd C••linlrics. dc:spilc: pr1•!c:.:ti<1ni,m. .-\hc:r a 
dc:..:adc ,,f \ irtu.:I ab,cncc: fn1m the intcrnati<l!lal 
capital markc:i-. :a II.JS'} a ;;;;;;;her ,,f Latin .-\mcric.ir1 
c11mpanic:, \\Crc ahk h' i"uc "'me $500 m1ll1<m ,,f 
forc:ign b••nJ,_ Thu' in June:: 1'1S'1. the: Banc.• :'\aci.,nal 
de Comerc10 l'\tc:rinr ,,f '.\k\iC<l \\as ahk hl borr"" 
$ IOO milli1m 1in 1hc l'uromarkci-. foll.,wcd lat<:r b~ 
Cc:mc:\ t cc:m.:nll. :'\afin,a t de:\ dnpmc:nt finance: I. La 
'.\fodc:rna t hlba.:cn inJu,try ). Si\c:nsa t ,1cd I. Tam'a 
tstc:d fabricali<lll) and Pcme\ j1lil anJ pc:trnchemicabl. 
all of \\ hich raisc:d significanl ammmh ,,f hnnd 
fin;;.~cc:. hirc:ign ill\c,lors in hond markc:i- \ie\\ed 
!hc:'c: Lum .-\mcrican c1m1panic:s as ha\ ing the com
pc:tc:ncc: and ..:apa.:ity h• produ..:c: and Ill market thc:ir 
e\p11rb and. mnrc:o\c:r. no maj,1r Latin .-\mc:ri.:an 
.:ornpany ha" dc:fauhc:d in the: international hond 
markc:h in rc..:c:nt year,. Since dnme,ti..: intc:re'it rate:' 
in many c11untrie' of Latin .-\men.:a ha\e hccn high 
•l\t:r the pa't year-of the: nrdcr of ~I pc:r cent pc:r 
annum in \"ene1uda and 1i\er .~O pc:r cent in '.\1c\ic1i
Latin .-\meri..:an cntcrpri'e' ha\c hc:en willing to take 
ri,b rda1cd to e\changc: rate:' and pr1i1.:.:ti11ni-.m 
becau-.e 1h.:y kn1m they ha\C: the: .:apacity to produce for 
e\pnr!. Reportedly. "'me Latin .-\merican ..:11mpamc' 
are -.c:ri1iu,ly c.insidering bnrnming on the commer
cial paper market. a 'cgmcnt nf the: intcrnati1mal 
capital market "hich ha' npanded tremcndous:y with 
the innmalion' m financing 1cchni4uc-. of recent 
yc:ar,. 

:\1 the end of 19X'1. the C\lcrnal dc:ht nf dc\doping 
coumric:' amnun1c:d lo about$ 1.21111 hilhon. "llh annual 
intc:rc:'t and amortitation pay mcnh al $I <>J hi Iii, in. 
The: h;1ckground to the c\lernal dchl cri'i' j, clc:ar. 
and the: n f'"I effect of unfa\ nurahk C:\lernal -.ho.: ks 
has ill\anahly l'lc:c:n ;1 dc1cn11rat111n 11f the current 
ac.:o,mt balance and a n:-du..:1i1111 m the: imp11n 
..:apacily "tiid1 h;l\c made ii m11rc difficult than 
olhcrwi'c for dc\d11ping .:ounlnc' 111 upgrade ;ind 
hoo,1 c\p11rt-11ncntcd ind1i-1nc' in the 'hort run. 
Cii\cn the narro\\ margm for paring other e"cnt1al 
import' 'u.:h ;1, fnoJ, and fud,. rc,1n.:11on' 11n 
import' ha\c hccn ;1pphcd rapidly 111 111d11,1nal r;rn 
material' and rnai:hmcry and c411ipmcn1 "111.:h arc 
\Ila( to capital forma1i11n and I•• the 'un1\iil ,,f 
fledgling mdthtric'. Bc..:;111,c 111 the crnhr\11111c 'tagc ,,f 
capllal go11J, 111d11,1nc' and highly import-dependent 
ha,1c ind11,1rie' \\llh relamcl~ 11ndc\el11pcJ 1111cr-
111d11,try linkage'. capac1l\ 11ndcr-u11h1a1111n and j"lrll· 

ducllon di,rup11011' h;l\c rc,ultcd. al11ng \\ llh ,111ntcd 
111\nlmenl. ·1 he lo" 111 momentum 111\\;ird' h11ild111g 
up ha,1c 1cchn11l11gical and 111d11,tr1al cap;1h1hl1l"' 
could generate l11ng-la,1ing damage. ,11h,1;11111all\ 11111-
\\Cl)!hlllg the lurc1gn c\changc ,;l\ing' nr other ,(t11rl-
1er111 hcnclll' from 1mp11rl rcd11.:1111n. Commcrc1al 
kndmg h;1, ;1lrn•"I dried up tor 111•"1 c1111n1ric,, .ind 
the hammcr-hl11"' cau,cd hy the e\ll"rnal 'hock' ha\c 
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forced (••t111tnc' t" ad1u,1 b<llh hy demand .:1mtra.-11<10 
and l'l! e.-im• •nuc req ruc111rmg dc,1gncd t•• ;ncrca'c: 
t:\p<;rt <.:1•mpellll\C!lC:". 

.-\! the end ,,f 19S9. the e\lcm~1I dchl ••I the: 
15 ··nca\ 1(\ 111.kh1cJ·· dc\d1•ping c1•11111nc' 1 namely 
.·\rgcntina. Bra11i. H<•li\IJ. Cluk. (',1(,1mh1a. C<•tc 
d"f\•llrc. l'ct:ad1ir. \k\i(•'· '.\f11r,lc..:1•. :'\1gcna. Peru. 
Philippine-.. l"ruguay. \'cnc111ela and Yug1"(a\ial. 
an11•11ntcd Ill $510 bi((i,111. Their d.:h1 -.en ice ral1< ''· 111 
aggregate:. anll111111cd !I• n11 k-.s th;111 --'I per cent 1if 
their e\p<•rh "f g11nd' and ,.:n 1..:c-.. Thc:'e ..;,1u11•nc' 
l'l·•rr.med \\hen li4uidi1y \\a' ahundant. and arc 
altempting 111-.cni..:c1hc1r dc:bt \ja e\p•1rt re\c:nuc-. at 
a lime\\ hc:n intc:rna11,1nal li4mdity has dric:d up. '.\fo-.1 
,,f thc:m ha\c thi: ahilil! 1<1 place 1hc:ir g••nJ,_ 
mam facture-. and ra\\ nia1c:riab-•10 e\lc:rnal market-.. 
\\hich. if thest: market-. \\ere free. \\11uld c:nabk them 
to -.c:ni.:c: their debh. What thc'c .:ountrie' face i-. J 
li4uidi1y cri-.i-.. Their \t:nd11r-. nf ..:apnal gn1•J, and ,,f 
crcdit ha\e the J•>lllt rc,pon,ihilit! hl ,,,(\t.· the cri'i'. 
ju-.! a' the deb1<1r .:1iuntric:-. ha\e the rcsp••n,1hili1y f1•r 
the e\cnlllal repayment ,,f Jehh. Banker' \\ h11 ha\C: 
built lip rclat1<•n-.hip-. \\ ith indu,tnal h••rr1i\\c:r' in 
go11d 1imc' u'ually r<:C<lgnitc a rc,p1•n,ibihty 111 
maintain that rdati11n-.h1p \\hc:n thc-.c: -.amc horr1l\\c:r' 
face a shonag...: ,,f lt4uidi1y. Both 'uppher-. nf cn:dit anJ 
C\poner' <1f g.ind-. ha\e bc:nditc:d from intc:rdcpcnden.:e 
in the: pa-.1: thi-. 1111erdcpcndcnce must he rna1111aincd. 
The \ery nature 11f interdcpendc:nce depend' ''" c1•
opcrati11n. and -.uch ..:11-opcrat1on is P'"'ihlc 1mly 
\\ hc:n c:ach partner benefit-.. C.iuntric' \\ hich I\ pically 
c\p11rt .:aroi1al and high \aluc-addcd g11<ld-. mu-.1 he 
\\ 11iing to purcha,c ly p1i:all! (,mc:r k\d \aluc-added 
g11t1d-. in return. ln1crnal1••!lal .:11-npcrati1Hl 1' 1rnp1"
'ihlc \\ithnut mutualii~ <1f mtcrc-.1. 

I. Concluding remark'> 

The ma1cnal pr<•grc" 111 dc:\dPping countric' a' a 
\\h11k 11\cr the pa-.1 JO year-. ha-. been cnn,1derahk 
"hc:n 1hc:1r achic\crncnt' ;ir.: placed 111 the c11ntn1 ••I 
pr11grc'' made 111 any .'O-ycar pcri1id of their pa'I 
e..:1>n11n11c hi,l1H\. l:\·cn "hen compared \\ith <.:••un
tric:-. 1111\\ c11n-.iJcrcd ""dc\d11pcd··. and 1;1 parti.:ular ;11 
a 'm11l;1r '1agc nf 111J11,1nal dt:\d11pmc:n1. thi, progrc" 
.:;ti(, f11r pra1'c rather than di,paragcmcnl. To he: -.urc. 
I! '' P•"'ihk tn argue that dneloping c1111ntr1c'
ind1\id11ally 11r c111lcct1\cl\-,h•11ild h;l\C done C\Cll 
h::ttcr. hut it i' in the n;11urc of tl11ng' that 1hi' 
argument can ah\il\' h1· p111 to any .:1111n1r:- 11r gr.iup 
11f .:011ntne'. dc\elopcd 11r dc\c!11p1ng. \\"hc1hcr a11cn-
1i11n I' f11c11,ed 11n 1mpr11\erncnh 111 the human c1111d1-
11on. 'uch a' 111.:rca,ing hfr npcc1anc:-. impr11\cmcn1 
111 he all h ..:arc and d1e1. 'triJe, made t11w ;1Hh crad1ca1 mg 
ilhlcrac~ ;md the pr11\ j,inn 1il ha,1c cJu.:a11on for all 
d1ildrcn and \1111ng pc11pk. the ach1ncmcn1 ha' hccn 
'1gn1lu.:an1. :\nd the acluc\emcnl '' n•> !.:" '1gnificant 
\\hen indu'I rial dt:\l·l11p111t:11t i, ..:1111,11krcJ. In 19(10. 
n111 many 1nd11,1rial µomh \\ere prndu..:.:d hy dc\cl
•'Pllli.: cnun1ric·,. and their r;1ngc \\ii' fairly hmllnL 
111da\. at lca'I 111 a dotcn dncloping counlnc' the 
\11lurnc and range 11f pr11d11:.:h arc c11mparahlc \\Ith 
rnd11,1 nc' 111 de\clopcd c11unt nc' 11111 '" I• 111g aµ11. 
I hc:r quality '' '11rl11,11~a1cd cn1111gh 111 ..:11111pc1c "llh 
the manufac111rcd pr11d11ch 11f m"'I dnel11pcd l"•Hlll· 

trll"'· ['here arc a1'11 a do1cn other dc\cl11p111µ c11un-



tnc' that ;m: ..:urrcntl~ unJcrg,1ing a 'tmilarl~ rapid 
indu,tnali1ati,1n pr,1..:c''· generating C\O.:ttcmcnt mtcr
natll>nall~. l "nd<1uhtcdl~. there i' a1wthcr gwup llf 
o.;,>untric' \\aiting f,ir the .. \\illd<n\ ,,f ''PP•>rtunit~ ·· t<> 
.:hangc. 

While thc'c ad1ic\cmcnh b~ dc\chipmg t.:<•untnc' 
\\Crc ba,cd <Ill their ,n,n dctcrmin::d cff,>rt:- t<> 
Jc\d<'p. ll \\a' ..:crtainl~ fa..:ilitatcJ h~ .i \artct\ ,,f 
f,>rnb ,,f intcrnati,>nal .:,H>pcrall<Hl. Herc ll><> it j, 

P''"ihk ll' ,a~ that the r<'k ,,f imcrnati<>nal ,:,,_ 
,ipcrati<•n ,h,lltlJ han: hccn str<'ngcr. and that the 
a.:h1c\clllcllb ,,f the dc\d,1ping ..:<llllltrics \\,1ulJ ha\C 

been greater. had the~ been abk ll> strengthen ..:<l
,,pcrati,m \\ith the Je\d<>pcJ ..;,itmtnc'. a' \\Cll a' 
anwng thcn1'd\cs. 11,1\\C\cr. ,:,iumric' ha\e Jilkrent 
per..:cpti,1ns in their under,.tanJ111g ,,f intcrnati,inal ..;,,_ 
<"•perati<lll. anJ the'c diffrrent pcn.:epti•ins ha\e been 
"'lllctimcs hidden. Th.: nH1st re..:.:nt a..:hte\em.:r.t ,,f 
man~ Je\ch1ping ..;,nmtrie' ha' bc.:n It> gr<n\ <>lit ,,f 
their uh>pian \1si,1n ,,f internath•nal t.:•H>p.:ra1i,in. in 
a.:..:cpting a Ile\\ n:alil\ in \\ h1d1 ..;,1mpcti!ll'll has 
[;1rgd~ n:pla..:ed ..;,1-.1rerati,1n. anJ m a..:..:epting that 
"'me ..:.iuntric:s ,till ne.:J hdp 111 ..:nnfr<Hlling thi' ne\\ 
realit~. 



II. Indmtrial perfonnance, policy and prospects 
in major regions of the world: Age of global integration 
and challengt5 in the 1990s 

The decade of the 1980s witnessed unmistakable 
signs that the world economy is being integrated at an 
accelerated pace. Rising trends in trade volume and 
foreign direct investment. rapid diffusion of tech
nological progress and the formation of a virtually 
single financial market that combines New York. 
Tokyo, Hong Kong, Singapore. London and Frank
furt are all aspects of this phenomenon. Regional 
integration movements have reinforced the globaliza
tion trend. as may be seen in the progress toward a 
single EEC market. the Free Trade Pact between 
Canada and the United States.• and the Asia-Pacific 
Economic Co-operation Council. Eastern Europe and 
the USSR have also recently joined the trend of global 
integration by opening up their economies. In short. 
the world economy is in flux as it sheds the old order 
and enters a new and yet undefined one. Challenges 
and opportunities abound in the 1990s to make use of 
the march towards a single global market. But that 
requires sharing benefits. costs and responsibilities 
among the component coiJ11tries and regions. How
ever. as the following regional reviews will disclose. 
there is a danger that inter-regional gaps in income. 
industrial capacity and technology could widen in the 
next decade, even among developing regions. Herein 
lies a great challenge facing the international com
munity. 

A comparison of MV A growth performance during 
the 1980s and 1970s between major regions of the world 
reveals a ~triking degree of diversity (sec table II. I). 
North America and Western Europe saw annual MV A 
growth declining from over 2 per cent a year in the 
1970s to below 2 per cent in the 1980s. In contrast. the 
annual MV A growth of Japan rose from 3.1 per cent 
in the 1970s to 3.7 per cent in the 1980s. Numerous 
studies suggest that the difference between Japan on 
the one hand ard North America and Western Europe 
on the other stem~ in large part from differences in 
commercial application of technological knowledge 
and sharpened competitiveness.•• 

•Discu"ions are under way '" the pn"ihlc acces\lon nf !'.luic1> 
at a later date. 

.. For revealing studies. see Chalmers Johmnn. I.aura d' Andrea 
Tyson anl' John Zysman. Pnlr1tn a"'I r,ncluomtr-Thr Rral S1nrr 
nf Whr Japan Work< (New York, Ballinger Puhhshmg Company. 
19K9), David II. firandm and Michael A. llarr.-on, The Trt ~nolofp 
War-A Ca.u for Cnmpr11menr11 (New York. John Wile) Inc .. 
l9K7), and R. R. Inman and Daniel F. Rurton. Jr .. "Technolog) and 
competiti•·enes•: the new policy frontier•'. Fnr;•111n AffalTI, vol. h9. 
No. 2(Sprmg 19901. pp. llh-IJ4. 

?ml~ U-1. Allllll mi:• ar1111t11 nm it m lll!l lllllllfat=turi111 ml.....t 
Kill Ull 1222i 111!1 I~. ~ lliaI mi2111 ii Ult !!!!CH 

feliOll 1971,gt/ 1~/ 1917 IVl 
per eipiU 

IVl DlplOJ9e11t IVl blploy.at (19IO dollHS) 

(perallUqe) ( percaUq! l 

llOrld l.5 1.4 2.4 o.o 705 

De•tl.ped nqioas l.! 0.5 2.2 -0.1 2 549 

lorth ueria 2.7 0.6 1.6 -0.7 2 947 

liesttr.I Ellropt 2.1 -0.4 1.7 -1.2 2 617 

EiSten Europe 11111 DSSI 5.1 1-6 2.9 O.l 1 9Sl 

Jape l.l -0.6 l.7 0.6 l IOO 

Otller 2.5 0.9 1.2 -0.2 HI 

De•tlopi119 nqions 7.4 5.0 l.9 1.1 176 

Lltin ARria 6.6 4.0 1.6 -0.7 461 

Tropial lfria 5.7 4.7 0.5 1.2 12 

llorth lf ria 7.0 5.6 5.l l.1 !JI 

ilestms Asia 7.6 5.4 4.G 2.0 305 
!ndiu SUbcoatinet1t l.4 l.9 6.2 0.4 51 

SOUtll-EiSt lSia 11.6 7.2 7.5 2.5 129 

~: IJIIOO database, consoli&ted Industrial SUtistics. 
11 Bee- 1970 ud 1910. 

~I Bet- 1910 ud 1990 (estiutes). 

Increasing awareness of lagging behind Japanese 
progress in technology and innovation led Western 
Europe to quicken the formation of a region-wide 
science and technology programme, and indeed the 
transition to EEC 1992 itself. A short-run fallout of 
this movement may be seen in flurries cf investment 
and in Euro-optimism replacing worries over '"Euro
sclcrosis ... Furthermore, Eastern European countries 
seem eager to join the expected prosperity by trans
forming their economic system. The long-term overall 
prospects of Western and Eastern Europe would 
appr· · promising. 

Similar awarcnes~ in North America is also stirring 
debates, studies and even joint ve11tures between 
Japanese and United States cnterprisc5. ~·he region, 
the global storehouse of inventions and scientific 
knowledge. 1f properly stimulated by policv incentives, 
will restore its industrial comp~titivcncss sooner or 
later. Propitiously. Japanese manufacturing enterprises 
in the United States and Canada arc forcing the 
laggards to innovale. 
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:\ maj,lr pr,ihkm is that th.: current 11:chn,1[,1gi..:al 
rnolu1i,m is by pas-.ing 1he de\ d,•ping \\l1rl:.1. Parti
cula -[~. 1he h1 ng-1c:rm pw-.pecb ,if Twpi..:al :\fri..:a 
:ind Iles-. ~,1) La1in .-\merica appear bkak. During the 
l 9lill-.. 1he regi,ms regis1en:d annu:.il \1 \" :\ gm\\ 1h ,1f 
0.5 per cenl and I.ti pc:r ..:ent. re-.pecli\dy. Tho-.e ra1es. 
bei'l!! behrn 1heir populalion grm' th rate-.. imply 
negali\e gro\\lh per ..:apila. l"nder .i heav~ burden ,if 
deb1 servicing 1here -.eem-. simpl~ no Wl•m t,1 \\orry 
aboul [,mg-term progress in 1echn,llngy and inn,1-
\ ation. Qui1e p,l .. sibl~ 1he 1990s ma~ see a negkcted 
and marginali1ed Tropical . .\frica (a possibilit~ \\ hich 
represenls a glnbal p,llicy challenge).• 

In the folio\\ ing re\ ie'' of regional gnl\\ th pwspects. 
emphasis is giwn tn the wk 1lf foreign dir!:ct im·est
ment. •• In recent ~ears. FDi acti\ ities. particular!\ in 
the form ,1f jnint ventures. ha\e been soaring \\orld
wide and changing 1he meaning of national boundaries. 
policy so\ereignty and balance-of-paymenls figures. 
This also reflects a r-assessmen1 of the importance ,if 
foreign direct ime-.tmeril as a \ ersatik p;1licy i.ml al 
all levels-enterprise. sectoral. regional and inter
national. Indeed. foreign direcl imes1men1 can be 
used 10 circumvem pro1ec1ionism. 1<1 bring in ne\\ 1ech
n,1logy and scarce capi1al. 10 suppkmem marketing 
ne1works. and tn prll\ ide managerial and .~rgani1a-
1ional ski!!s. Pnlic~-makers now recogni1e foreign 
direct investment as an in-.1rumen1 of industrial 
growlh rather 1han as foreign-hased e\ploi1ation. The 
best 11lustra1ions of this changed perspective are 
comin!: from Eastern Europe. II seems 1ilat u-.eful 
lessons can he learned from burgc,ming e\periences in 
\ irtuali~ C\ e•\ regi11n of lhe world. 

A. '.\orth America 

Though •he immediate oullook for industrial gr,1\\th 
in 1990 is for a slo\\-down to l.li per cent. 1he 
intermedia1e ar.d hing-term prospech seem basically 
op1imistic. This is true especially for lhe foilowing 
rea~~ons: 

fa) The competiti\eness of industry has hren 
enhanced by ne\\ im est men I and restruc1uring: 

(hJ In part. Japanese in\estment andjoim \entures 
in the region ha\e prompted local industries to adopl 
ne\\ technologies: 

(CJ The potential global market for l:nited State-. 
g1h1ds and .senice.s has expanded to include Eastern 
Fu rope and the I ;ssR: 

•h,r .1 "·•rntng ~in the l.1llt-?ln)Z iC"...:hn1,l1'~h.:~1l ;ind 1n\c,1rnc:n1 
clt1•rt in the l'.1n1ntr1e' ''' ,uh-S.1h.ir.m .\frai.::.1. 'cc Bcrnh.1rd f 1 ... i..:hcr. 
··( h,,•\ l"l1lp10~ t.:1•uniru.·, in the ~Ht it.:e,, 111 l"L11n11mh.: ~l11h.1h1.1t:. in··. 

fntc'Tt'1 onomf( \, \nl ~-l. '.'n ~ ( \.1,H..:h, ·\pral 19~11). rr :<i~·fl \ .• 1nd 
\l.inucl C.1,lcll'. ··111)!h 1c.:hnnl"g'. IA<>rlJ de>d••pmcnl. .ind 
'tnH.:tur.al tran,lnrm.111nn 1hc trend, .ind 1hc dch.1tl···. ·fl11·rn,11n n. 
,,,J \l. -.;., ~ 1.1111, ;,1~1>1. rr ~'I"· 140 

•• fh1' ::mph .... ,, ._·1infirm' 1hr 'flct.:1.11 intcrc .. t 111 1 ·,11>0 rn 
m11nit11nn~ .rnll .1n.tl!''")l the rhcn.,mcn11n "' \((111,·1ur.d 11p(lr.u.hniit 
.1f the ind11,1ri.1l h.1,(.· lhc rr.1'''" '' ... unplc h111 1r.1r11rr.rn1 
C'11nu:n11nnal m.1i..:-r11·C'i.:nnnn11i.: .tr1.1h'1' nqtlci.:t' ..:h;1njlc' in 1nd11,. 
tr1~1I i.:001,.. :11t1\cnc" 111 i.:1111ntru: .. ,tnd rc)!111n ... p;utl\. hc .. ·,rn,c 111 
rnc."11rcr .. f."nt d1ll11."11lt1r' in m11drl hl11ldm~ fl11"C\1.•r. It ''-"rm' 
1mpcrott1\.C' tn p.1\ 'J1C'<..1.1I .1ucnt1nn t11 l.u.:1or' drtrrm101n~ 111du,tr1.1! 
'' 1mpc11t1\cnc''· .. ni.:h ,,, ... rr11" t11r.al 11pitr.uhn,.:. mn11\ .1t1\. c .1d1\ 111c' 
.inti tr..:hnol11.r:11.".tl pr111(rc" .• 1l11nl( '.41th f11rc1Jt:n drrri.:1 inH·,tmcnt 
I he rcc<nl ,1i,p111c, "" 1r.1<k .ind ind11,1n hc1,.ccn !he 1 '111te1l <.;1,11c, 

.ind f.1pan tH.1m.1t11t" 1ht" '"'"11c 
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t.JJ .. Peace di\idends·· may be e\pected: 

f<'J Rela\ed rules llf the Cll-<•rdinating (\mrn11ttee 
f,1r \1ul1ilaleral E\pl•rt (\lnlnl[s I COC0\11 "ill push 
:1p l "mted St.ites expllrlS of high-techn,1logy g,1,1d-.. 

Opp,1sing fact,irs. h,me\er. include the follo\\ing: 

f tJJ Slow 1mpw\ ements in the t\\ m trade and budge I 
deficib ,if the l"nited State.;; 

fhJ :n1eres1 and exchange rate n•latili1:y and e\en 
penersity. tending to increase risks and uncertainties in 
industrial transactillns: 

fc) Pllssibility \lf a trade \\ar. ho\\e\er remole. 

:\e\ertheless. barring a deliberate g.nernmenl policy 
1,1 use recession as a tooi tll fight intla1i1in. as in the 
19lil-19X2 period. a .. s,ift landing .. is e'\pected in 19911. 
and a gradual and continued reco\ery is expected 
se\eral years thereafter (see figure II. I for GDP and 
\1\·_.\ growth in recent years. and also for the pat1ern ,1f 
structural change in industry). 

In a sl,iw-down phase nf the business cycle. enter
prises are u-;ually reluctant Ill im est. Bui a survey by 
DRl/'.\kGra\\-Hill reports that the manufacturing 
seclllr intends tll increase in\estment spending by ti. 2 per 
cent in 1990. It -.eems 1hat the neeJ for fac1ory and office 
modernization has not yet been fully met. despite a 
mini-imestmen1-bo,1m in th.: I9XX-19X9 period. The 
unexpecied boost in in\estment demand could make the 
soft landing easier. 

Additional help could c.ime from the e\er-increasing 
foreign direct in\estment in the l:ni1ed S1ates. In 19XS. 
the stock off,.reign direct imesiment from all Cllunlries 
jumped to SJ2S.9 billion from S27 l.X billion in 1%7. an 
increase of o\er 21 per cent (see table 11.21. The increase 
between 19X6 and 1987 was 2J per cent. :\ high 
gr1J\\ th rate of foreign direct in,estment i' expected to 
cnntinue. The reasons for this arc se\eral. The I 'nited 
State' remains the larges! profitable mark.el: it pro
vides attracti\e opportunities for learning ne\\ tech
nology. as e\emplified by Silicon \'alley: l."nited State' 
proteclionist measures. such as niluntary e\port 
restraints. could be o\ercome by foreign direct ln\e,t
ment: a low dollar \alue compared \\ith that of 'e\eral 
years ago still makes l:niteJ States a"eh rather 
inexpensi\e. Table 11.J prmides a hreakd11\\n 1if 
foreign direct investment pe,ilion in 1he 1:111te<l Staie, 
hy country 11r region of origin and type of ime,tmcnl 
for I 9XX. 

Despite the alarm c\pressed in 1he l 'n11ed States 
against foreign in\estor' I partlcularly from .Japan I. in 
general foreign direct in\cslment 'ecm' to he \\elcome. 
Some .io states of thr I ·m1ed Stales are reported to 
ha\e opened offices in Japan to attrai.:t 1m estment. 

Foreign direct ime.,tment create' employ mcnt 
opportunitie'. add' incnme ;ind ta\ "•urce'. ;ind 
brings ne\\ technolog1e' and managcmen1 'kilk Oppo
nents argue. hn\\e\er. that uncontrolled t.1re1gn direct 
in\e,tment may create <1\er-capaCH\. cau'e cut-thr<1at 
competition. pr<1\ide an opp11rtun11y to sleal \lt;1I 
technology. and e\en endanger nall<1n:tl 'cumt\ 1f 
defence-related md11str1c' are pcnclrated. I >e,plle the'e 
concerns. the I "mted State' remain' nm: of !he m<"I 

open ec<1n11mics for 'uch 1mestmcn1. 
Ry making 11\C of !he hhcral pohC!c' 11f the I ".11ted 

States . .Japan ha' achi::,cd !he fa,1e,1 build-up ·•I 



Agure 11.1. Growth rates of GDP. MVA and manufacturiog employment. 1984-1991, and Industrial structural change. 
1975-1991: North America 
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outside investment in that countr~. From 19Xfl to 
19XK. its total imestment stock nearly douhlcd from 
S2fl.X billion to S53A hi Ilion. and its imestment stock in 
manufacturing jumped 3.4 times from SJ.fl hillion to 
S 12.2 billion. In comparison. l)nited Kingdom invest
ment in manufacturing increased from Slti.5 hillion in 
19X6 to SJ7 hillion (a 211:-time increase and three 
time~ bigger than foreign direct in\'estmcnt h~ .Japan 
in manufacturing). And yet. (Jnited States producers 
appear more worried about .Japanese competition 
than that from the lJnitcd Kingdnm. 

The reasqn for this is that the Japanc\e appear far 
more competiti\'c and threatening than any 11ther 
imestors. ·y he Commi,si11n on Industrial Producti\ ii\ 
of the Massachuscth ln,titutc of Technology studie~I 
200 companic' 'electul from the IJnitcd States. 
Europe and Japan. The major findinp were a' 
follow': 

"l!nited State' mdu,trv indeed show' systematic 
weaknesses that arc hampering the ahility of many 
firms to adapt tn a changing internatinnal husinc'' 
cn\'ironmcnt. In particular. the .:ommi"ion ohscr\'cd 
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si\ such weaknesses: outdated strategies: neglect llf 
human n:s<lltr.:es: failures llf <.:O-<lperatilln: te..:h
tllll<lgi..:al \\eaknesses in de\'elupment and prnduc
tilln: (jlnernment and industry \\llrking at cwss
purpose': and shl1rt-timi: hl1ritlins:·• 

These Clindusions largely reflect the difference in 
..:nmpetiti\ cness between l"nited States and Japanese 
firms. For a specifi..: example. thi: (\m1missit>n found 
that l.'nited States ..:armakers lll1lk fi\'e years fwm a 
conceptual design of a new model to the ..:ommercial 
introductil>n. while ..:armakers in Japan took only 
three and a hai1 years. 

In response tn Japanese competition in automobiles. 
so-called \Oluntary export restraints ha\'c been applied 
since 19!\ I. The le\·el of restraint for 1990 is set at 
2.3 milli,m units. Howcn:r. Japanese carmakers han: 
circum\'ented the restraints by in\'esting hea\'ily in the 
t:nited States. Thus. while the market share of 
Japanese car imports remained at around 20 per cent 
of total Cnited States retail sales. the share nf 
Japanese imports plus makes built by Japanese 
affiliates jumped from 19.fl per cent in 19X4 to 
30.7 per cent in 1989 (see table IIAI. In 19X9. the 
Japanese affiliates built a little mer I million cars. 
while planned annual capacity was m·er 2 million 
units. There is much concern among Cnited States 
carmakers ahout this addition t.1 production capacity. 

Fierce competition is expected in the coming ~ears. 
This prospect is forcing l'nited States carmakers to 
impr,ne efficiency and quality by Japane"e methods. 
In many United Stat," firms. a comprehensi\e produc
tion and management system is being reformulated. 
including .. rnntinual training. participati1ln in shop
tloor decision-making. team-based production. and 
group bonus or profit-sharing plans"' ([I]. p. 341. In 
this process. quite often United States-Japan joint 
\'entures ha\'e provided a comenient tool for mutual 
learning. 

:\ similar phenomenon-the sequence of \ oluntary 
export restraints leading to joint \'entures and tech
nological co-operation-can also he obscr\'ed in other 
industrial branches such as 'itecl. numerical-control 
machines and semiconductors. It appears rather ironical 
that the comhination of prntectioni-;t measures ~nd a 
liheral foreign direct imestment polic~ is helping 
linited States industry to regain a compctiti\e edge 
through induced competition and co-operation.•• In 
the long run. s11ch a gain in industrial cnmpctiti\'cnes' 
could help •. Juce the United States trade deficit. 
especially if the .Japanese affiliates hegin tn re-export 
to Japan from the l :nited States. as Honda has begun 
tn do already. 

The present rc\'icw has so far focu,ed on how 
foreign direct imcstmc;nt is helping to restructure 
t:nitcd State' industry toward greater .:apacit\ utili1a
tion and cfficicn.:y. But it -;eems als1l true that dire.:t 
in\'estmcnt ahroad b~ 1;nited States firm' 1s soaring. 
tht1s making thcm'l!l\'cs more c.impetiu,c. 

•\u1.111r11..· lh.·r)l.cr .ind nthcr ... ·· 11'"·1rd ,1 nr" 111c.h1,1r1.1l .·\nu..·ri..:.1"'. 
\, ft'nflft1 ·fmt'rtt1ln, \.ii ~Ml. 11\11 A t.lun(" )9>i9). p ~~ Jh1' .1r11dr 

·.11mm.1r1tL'' thL' h1111li. ti·. rhc ... .unc .1111hnr' \fad,· tn ·fm1·r11 a 
}fr~mntnr.: 1'11· J'r,,ifu, fl\1' /,fr,· f( .1mhndJi!r. ~f.,, ... h.:hu,rlb ln,11111tl' 

11f I c..:hn11!11~\ Prr''· 19:-t'>I 

•• 1 h1' l"an hr ft")li1r<lrd ,,, d1· fa, 111 1ndu,tr1.1I rt11lt..:\, 1h1111Ji!h 
Hfl1n.1lh 1h r,1,rrnn· 111.1\. he dcmctl 
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The United States stock of direct investment abroad 
jumped from $211.5 billion in 1984 to $326.9 billion in 
1988, an increase of 56 per cent in four years (see 
table 11.5). However, over three quarters went to 
developed countries-47 per cent to Europe and 
19.3 per cent to Canada in 1988. During the same 
period, United States direct investment stock in Japan 
grew fastest-by 114 per cent, despite allegations by 
i.Jnited States firms of difficulties in penetrating the 
Japanese domestic market. The rapidly growing market 
and opportunities to learn Japanese technology in 
some specific industries appear to be the major 
attraction. 

Among developing regions, Latin America received 
the largest increase of United States direct investment 
stock-$49.3 billion in 1988, doubling the $24.6 billion 
recorded in 1984. Such investment. large shares of 
which went to Bermuda. Brazil. Mexico and Panama. 
will certainly help lighten the debt burden. and more 
is needed. In contrast, Africa, with only a modest 
investment increase, appears to have been not so 
fortunate as Latin Am.:rica. 

The outlook is for a continued increase in United 
States direct investment abroad following the opening 
of new markets in areas such as the EEC and Eastern 
Europe. The United States Commerce Department 

45 



U>lc tu. !.)1tfd St.ates 4irc.:t u~.Jlol4 ti mi•
~~I 

1 Billicm ot clcllm l 

koqioa, OMltri a:: 1'U ,,., 
"" 191 .. 

~cqro1111111q 

111 oaaatrics 2:1.5 12'-' ;_55 

!>c~loped Ollllltrics 157.l 2•5-~ 1-5" 
CMldol t4i.7 iLl 1-ll 

~ 'u 152-2 1-66 

J..- 7_, 16-' 2.14 
otbtr 10-' 15.2 l.l9 

Dt9elapiaq ~ics 4'.2 76.I :.!ii 
Latia Al!riCI 24.6 .,.l 2.00 
lfria •-5 4.6 1-02 
liddle f.lst s.o u 0.12 
Asu .i ~itic 15.0 11., 1.26 

~= kited st.tes Dlpl[t.lt Ill a-roe. Sl!nlf of Clmlt D!siwl 
(~, D.C., ~ 1'8l, pp.r..-16. 

1, 1'81 fi91E'S dind!d by l~ fiqms. 

projects that United States firms o\·crscas will increase 
plant and equipment spending by 13 per cent in 1990. 
after a 14 per cent increase in 1989 and a 24 per cent 
increase in 1988. The United States appears to be 
leading in foreign direct im·cstmcnt activities in 
Western Europe. For instance. in 1989 United States 
companies spent S 16 billion for aClJUisitions. followed 
by France with S 11.5 billion and Japan with S 1.6 billion 
(mostly for joint \·cnturc:s and building their own 
plants. and not much for acquisitions). 

United States direct im·cstmcnt stock reached a new 
high of S324 billion in 1988. Thal amount surpassed 
$184 billion for the United Kingdom. SI 14 bit:ion for 
Japan. $78 billion for the Federal Republic l>f 
Germany and $57 billion for France in the same year. 
These five countries own three quarters of all foreign 
direct in\·estment stock in the world. although they 
account for only 42 per cent of world trade. Their 
total foreign direct investment stock is expected to 
climb to Sl.706 billion by 1995. growing much faster 
than world trade total. owing mainly to the global 
movement for integration. which encompasses both 
Eastern and Western Europe. 

Much foreign direct im·c!>tment can be considered 
as an effective: substitute for trade. The traditional 
measure of trade imbalances should therefore perhaps 
be redefined and reinterpreted. In the case of the 
United States. for instance. "foreign sales" including 
sales of United States subsidiaries abroad were esti
mated at $1.145 billion and "foreign purchases" al 
$1.088 billion m 1986. This calculation implies a 
United States foreign sales surplus of $57 billion. in 
contrast to the $144 billion deficit in merchandise 
trade. A significant part of the trade imbalance is 
now recognized as a result of United States sub
sidiaries abroad importing high-technology products 
(for ir.-·tancc. semiconductors) and labour-intensive 
goods into the United States. These globali1ed off
shore production units tend to give cost advantages 
for United States firms lo compete: in the world 
market. 

This short review of foreign direct investment flows 
into and out of the United States suggest-; that United 
States industry is being challenged by c:ver-incrca~ing 
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C<>mpe~ilillO fr•>m abroad. Con\ cr~ly. l:nited Stales 
industry is making similar challenges abr<>ad. The 
~ncficial dlech can be npccled in the f.lrm \lf 
greater efficiency thwugh market competition and 
through co-operation combining complemcntar~ fac
tors at the firm Ind as well as between CllUntrics. It is 
n<) accident that output per \\ork hour in the l "nitcJ 
States manufacturing has jumped by 41 per cent since 
19!12. compared with only 7.6 per cent in l."nited 
States O\lO-manufacruring sectors \\here foreign com
petition is less sc\·ere. Furthermore. prices of manu
factured goods arc reported to be m<>rc slabk than 
sen·icc pri'--cs. which arc rising faster in the l"nired 
Stales ccor.omy. 

To sum up. the compctiti\C pressures coming from 
foreign trade and investment are prompting Coiled 
Stares industry lo reorganize for greater Cl>mpcliti\·e
nc:ss. The Japanese challenge in this regard stands out. 
Although Vnited Stales industry must bear the cost oi 
restructuring. the long-term efficiency enhancement 
should be welcome. As reflected in table IL6 showing 
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the: number of United Stares patents granted to 
various nationalities. the: United States has tech
nological resources far greater than those of Japan. 
eh•l though the: latter is catching up fast. Japan is 
forcing United Stales industries to activate and com
mercialize: their technological resources in order to 
create new products. new processes and new applica
tions faster than before. 

United Slates industry. being more: and more: 
integrated with the global economy, is going through 
a period of transition from the: status of an absolute 
industrial superpower to a partnership with Europe 
and Asia. 



8. Japan 

The ~ear l9l\9 11.as marled b~ high imestment-lc:d 
gw11. th. further strengthening ,,f industrial cvmpc:ti
ti,eness. a c.mtinued high le\d llf trade surpius. 
thllugh some11. hat reduced. ~rticularly 11. ith the l"nited 
States. and intensified trade dispu:es bet11.c:c:n Japan 
and the l"nitcd States. Furthermore. polic~-makers 
became increasing.I~ concernc:d that not onl~ did the 
high \alue of the yen faii hl impw,·e the trade 
imbalance. but it e\en bc:gan to fall against the dtlllar 
in the earl~ rtonths of 1990. despite Japan·s e\er
increasing foreign assets. The com·enti.mal wisdom l)r 
theor~• seems !o be: losing \·alidity in the face of such a 
perverse phenomen.m. and new efforts to find a 
Slllution through P<llic~ c.1-operation bc:tween trading 
partners seems to be: creating frictions in new areas. 
Howe\·er. Japanese industry appears basically strong. 
thanks to the on-going restructuring toward an 
.. information society .. which has bc:en providing a 
major thrust of growth. and which is expected h> 

continue. 
Barring an unlikely e\·ent such as a world-wide 

collapse of the financial system or the eruption of a 
trade war. another year of high industrial growth 
performance is foreseen. in the order of 6.5 to '." per 
cent. along with a GDP gro11.th of around 5 per cent 
(sec figure Il.2 for GDP and '.\f\'A growth in recent 
years. and also for the pattern of structural change in 
industry). 

An im·estmem boom once more led the economy in 
I989. as in 198!!. In spite of earlier predictions of 
falling im·cstmcnt after a presumed pc:al of 15.9 per 
cent achie\·cd in 19!!~. plant and equipment e'pen
ditures surged by 17 per cent in real terms. This 
im·estment boom more than offset the negati,·e 
growth contribution coming from the trade secwr (see 
table IL 7)_ In fact. imestment in plam and equipment 
has bc:en growing twice as fast as reai GSP since 1984. 
regardless of changes in the yen \'alue. 

The soaring yen value since 1985 swayed many 
analysts to predict a plunge in the Japanese economy. 
But the economy bounced right back to the normal 
high-growth track after a 2.5 per cent dip in GNP 
growth in 19Xti. The indepc:ndent force of imestment. 
strong enough to pull up G:-.iP growth in the face of 
declining net e'ports. demands an explanation. 

A major factor behind the im·estment boom has 
bc:en the need to transform the economy from an 
export-dependent economy to a domestic-demand
oriented one. The high yen \'alue compelled imp1~rt
competing industries and exporters to act quickly. The 
soaring yen \alue. instead of depressing imcstment. 
seems to have forced enterprises to introduce automa
tion. input cost-saving measures (in\'olving labour. 
energy. etc.) and new information-processing systems. 
These investments enabled enterprises to meet the 
intensified competition domestically. and at the same 
ti:ne to counteract comp.:titi\'C disadvantages in markets 
abroad due to high yen value.• 

"II h~• ht-en rcrnricd rhar ahnul .10 per cent of l'IK'I on>e,rmcnr 
in pl.on! anJ cq111pmcnt ""'for caracn' "Jl"n"nn K~ rmpl"arrnn 
!ht re•! I 70 per .:rnl) l>d' dt'lgncd tllhcr I" rrrla.:c nlJ CdJ'ldClh or 
111 ;1chrcH it•carcr cfficrcnn. for "ampk 1hr1>uf!h ''"1-c1111rng Sec 
--1n>e•lmcn1' in rlanr ;tnd c1.p11rmcn1 rncrca,cd .,, I' per ccnr. 
Lcnnom:c Planning Aitrnn '"r"' rrr,irr\". \1hon >;,·1:111 \humhun 
r111pt1n fomomff Journt1l1. ~ '""mhcr l'IK•I 

Another fact .. ,r t•' be: added is the relati\·e pnce 
decline fa'l.1.•uring plant and equipment investment 
sin'--e 19!11 lsee table II.SI. There ma~ be: \ari .. •us 
reas'-'ns fur the changes in relati\e price. but un
d<lubtc:dl~· the cheaper dollar '>ince (l}g5 has contributed 
to lower ~en prices of 1mponed capital goods. It is 
n••te11.orth~ that one quarter of Japanese imports from 
the l"nited S~ates consists of capital goods. 

The spun of aggregate i: • .-estment in rel.-ent years. 
howe\·er. hides the fact that Japanese industr~· has 
bc:cn increasing its reliance .. m high technology in 
producti<>n. Some indication can be: gleaned from 
growth rates of high-technology capital goods by sub
branch. For instance. according to estimates gi\·en by 
the Japan Center for Economic Research. output of 
numerical-control machine tools increased by 275 per 
cent and 31.3 per cent in 1988 and 1989. respecti,·cly. 
T <> quote another example. robots output increased by 
22.3 per cent and 22.8 j)Cr cent in 1988 and 1989 . 
respecti\·ely. 

Will the rising trend and shifts toward h1gh
technology iO\·cstment continue·! There appears h' he 
a consensus that im·estment will be the leading factor 
at least during the medium term. The Cl~uipment

imestment ratio is forecast to climb to 29 per cent of 
Gl'P in 1994 from 21 per cent in 1981!. The high
technology components of in\'estment woutd includ~ 
machining centres. robots. numerical-control-aided 
manufacturing. telefacsimile systems. \·idcotcxt. etc. 
Table II.9 lists different types of high-technology 
goods demanded increasingly by \'arious sectors and 
branches of the economy. 

Many of these high-technology goods ha\e been 
de\'cl<.ped or imprO\cd in Japan. so that Japan 
already possesses a comparati\'e advantage in them. 
Japan has been especially strong in fusing machines 
and equipment with electronic gadgets-the so-called 
Mechatronics technology. Further imprn\ements in 
such technologies can easily be ex~cted during the 
1990s. judging from the past record• and the current 
zeal in commercialization of science and technology as 
reflected in R + D expenditures by pri\'ate enterpri:>es 
(sec tabie 11.10). 

The succe~s of Japan in technological progress 
appc:ars. however. to be creating problems in trade. 

If the industrial competiti\'eness of Japan has 
basically been harnessed by speedy technological 
changt. the prospects of improving the United States 
trade deficit with Japan appear rather dim. There is 
no sign yet that the speed of technological "catch-up·· 
in Japan will slow down. The United States share of 
manufactured goods imported by Japan has declined 
from Jti per cent in 1985 to 26 per cent in 19!!8. This 
could be interpreted as a sign that United States 
manufacturers are losing compc:titi\'eness ~-iI-ti-riI 

other suppliers to Japan. The decline pro,..idcs a 
contrast to the overall increase of manufactured goods 
as a proportion of total .Japanese imports during the 

0 lhc ra•I record nr rrnjlrc" on .Jaran·, lcchnnlog1Cal capah1hl\ 
'an he gaugcJ h' a rclhng 1nJ1caror-I · nncd Sr arr. parent grant
In 1'170. Jaranc'c mHnlnr• ac4111rcJ 2.fi25 I "nr1ed Sratc• rarcnr-. 
hchonJ rhc I cJcral Rcruhh' nf Cicrmam 1-1.-11~1 and rhc l'n11cd 
Kinitdnm 12.'1.~-lJ In l'IKfi. rhc rignrc for .Jaran 111mrcd I•> 11.211'1. 
.1hcad of rhr h<lcral Rcruhhc of C icrmiln\ tfi.KO.IJ and 1'1c I "n11ed 
Krnitdnm I 2.-lll')J 1\111 ,1111. rhc numhcr of I 'nrrcd Sr arc' rarcn1, 
'"'l•llft•I rn 19Xh h• .litranc'c on\Cnl"r' ""' nnh .15 prr 'rnr of 
rhmc acqurrr•I h, l'.n11c1.I S1.1rc' rmcnrnr' !Sec rahlc 111> 1 
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Figure 11.2. Growth ,.1e5 of GDP, MVA and manufacturing employmait. 1984-1991, and Industrial structu,.I change, 
1975-1991: Japan 
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same period-from 28. I per cent to 45. 7 per cent (see 
table 11.11 ). As of 1989. the United States-Japan 
trade imbalance still stood at around S50 billion. 

The United States responded to this state of affairs 
b) enacting in 1988 the Omnibus Trade and Competi
tiveness Act. In effect. this legislation has revised and 
augmented the authority of the Government to 
retaliate against foreign trade practices judged as 
unfair. A nO\elty in the law known as Super 301 
enable.s the United States trade representative to name 
priority countries which have persistent trade sur
pluses against the United States and to rt:quest them 
to remove barriers again:;t imports from the United 
States. 

In May 1989. Japan was listed along with India and 
Brazil as priority countries. Japan was asked to 
increase market access for United States-produced 
wood products, supercomputers and satellites. If no 
satisfactory solutions could be arrived at. the United 
States could retaliate. However. it seems difficult to 
evaluate the extent to which this policy tool wuld 
contribute to reducing the bilateral United States
Japan trade imbalance.• 
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Mean~hile. on the .Japane'e side. the Mini,tn ol 
International Trade and Industry IMITI) i' reported!~ 
working on a programme of ''import targeting". l he 
Minis1ry ha\ invited the 50 larges! exporter' of 
automobile. dectric and electronic machine' and 
equipmenl and non-eleclnc machine' to prepare enler
prise-le\el plans for medium-term import expan,ion 
and export re,lraints. The aim i' to double. b~ 199J, 
lhe import' of product-; arid part' from the lc\el 
achieved in l9XX. 
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Anather policy proposal by MITI. now under 
debate, concerns an .. impor. subsidy scheme: ... The 
purpose is to encourage imports by allowing a certain 
proportion of incremental imports to be deducted 
from corporate income tax. Such an allowance would 
be given only for selected import items (those most 
likely to be imported from the United States. consisting 
mainly of capital goods and intermediate goods). If. 
for example. a small- or medium-size enterprise 
increases its imports o•·er and above the lc\·et of 1989. 
10 per cent of that increment can be allowed for 
deduction. For large enterprises. 5 per cent. and for 
general trading companies. only 3 per cent is allow
able for deduction but in all cases with a limit of up to 
20 per cent of the corporate income tax of the 
enterprises. 

It should be noted that import-targeting a:id import 
subsidies schemes represent a mirror image of erst
while cxporr-targcting and export subsidies. Japanese 
success in export promotion may be reversed by 
import promotion. though the result remains to be 
seen. 

Meanwhile. the recent debate on trade imbalances 
between Japan and the United States has continued 
with a focus on the so-called structural impediments. 
The United States argues that Japanese markets arc 
impenetrable for the following reasons: 

(a) the pricing mcchani<im fails to pa'" on the real 
co't reduction to consumers 1mmediatel~: 

fhJ the multilaycrcd distribuuon s~ stem hampers 
the workings of a competilivc market mechanism: 

(CJ the Japanc'e sa\e too much and m\·c,t too 
huh: m 'oc1al merheaJ capital: 

fdJ urban land prices are too high because agri
cultural land 1' 1rra11onall~ protected: 

ft') the l..t"lrt'HU '~'tern go\ernmg the rela11onsh1p 
between big and 'mall bu\lne"e' ward' off compell· 
tum from outsider': 

fl) C\clu,111nar~ busmc:" practice:' under \ 1'1blc: 
and 10\1,1blc: cartel arrangement\, par11cularl~ .1gam'1 
foreigner,, make 11 difficult for nc:" m;1rkc1 l"nlranh 
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Japan claims that the l'nited States economy suffers 
from ltll.\ industrial competiti\eness because of the 
following: 

fa) A low rate of savings. particularly by house
holds. and negati\·e sa\·ings by the Government; 

(f>J Low growth of productivity and inadequate 
corpor.ttc investment; 

fc) Short-term corporate time horizons or a quick
return mentality; 

rd) Too harsh go\·ernment restrictions on business 
co-operation (that is. anti-trust law enforcement): 

fr) Too low spending on research and de\·el
opmcnt: 

(j) Too little concern for export by both business 
and Government: 

(g) Inadequate training and education of workers. 

But it seems clear that the debate has proceeded so 
far as to question the basic framework of busines~ 
organiz:uion deeply rooted in cultures and values.• 
Two kinds of systems. namely the distribution net
work and the keirersu. can well illustrate the depth of 
the problem. The distribution system refers to the 
marketing chains with se\'eral layers of wholesale and 
retail units which operate before the product reaches 
the consumers. The keiretsu system refers to the 
relationship between the assemblers and suppliers of 
inputs. such as automobile assemblers and part 
suppliers. In both systems, it is now well known that 
buyers and sellers establish a long-term relationship 
which tends to limit the entrance of new cor.'lpeUors. 
It has been asserted. howe\'er. that the r!lationship 
ensures stable long-term supplies, guaranteed qualit) 
and timely dcli\'ery on the basis of mutual trust. 

Furthermore. the maze of wholesale-retail suppliers 
has been accused of failing to pass on lowered import 
prices to consumers. This seems to be mainly due to 
the lack of price competition. Indeed. it is not 
uncommon to find producers' ownership of wholesale 
and retail stock. exclusive sales contracts, discrimina
tory rebates and even price-fixing cartels. In Japan. 
such business behaviour is not necessarily regarded as 
a \·iolation of the anti-monopoly law. while in the 
United States, and in the EEC to a lesser extent. it 
often constitutes a criminal case under the anti-trust 
laws. 

Concerning the criticism coming from the United 
States and EEC. the Japanese say that the distribution 
and keir('ffu ~ystcms. being a part of the history of 
Japan. cannot easily be reformed into a United States 
or a European system. During the post-Second
World-War period, the distribution system has devel
oped as an appendage of production centres or 
:a1ha1Ju groups. and often invol\·cd im·estmcnt and 
marketing guidance by the latter. Thus. in Japan. 
reliance on price-cutting. solely and excessively as a 
means of competition. is looked down upon since it 
disturbs the existing order of business relationships 
and is therefore considered unethical. 

•f nr .a11 '""llhlful J'""'""" "" lh~ mtra·lirm tbl.ack 1>11.i 
or)CJOll.tt1on in (ompdrl\00 ""'"h th.tr of tht I 'n11cd Stdlt'\, \tt 

\f.t,.th1k .. •\01t1. "111~..trtl dn C'1i.11nnm11: mct<ltl of the .JapanC\C' 

firm". "'""'•''of'"'"""''' I 11rr1Jtur1·. Mttr1..h l'NO. \.ol 2X. ~" I. 
pp 1-:-



Clearly these complai!lts from each side contain at 
least some truth. but tackling the grievances \\1.mld 
invoh·e some fundamemal \·alues and the culture of 
each society. if not the question of sovereignly itself. 
The debate could thus end up only with s<>me 
cosmetic e:itercises and nothing more. It is difficult to 
imagine how a society could be completely reshaped 
at short notice to make it fil some preconceived 
image. While this approach. adopted in the United 
States Structural Impediments lnitiati\·e. provides a 
useful method for exploring structural factors. little 
meaningful action could be expected to follow as an 
immediate result of the debate. Sooner or later. some 
new approach would be needed. 

While the Go,·emments of Japan and the United 
States have been debating. Japanese businesses have 
continued to invest abroad, especially in the United 
States. as a best hedge against future protectionism. 
Japanese foreign direct im-estment in the United 
States sky-rocketed from $3.4 billion in 1984 to 
$21.7 billion in 1988. As of the end of March 1989. the 
cumulative sum of Japanese foreign direct investment 
in the United States amounted to $71.9 billion. This 
sum compares with $32.2 billion in Asia. $31.6 billion 
in Latin America and $30.2 billion in Western Europe 
(see table IL 12). 
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The reasons for the surge of Japanese foreign direct 
investment abroad are clear, though varying from 
region to region. The problem of market access appears 
to be the dominant factor in the r.ase of North America 
and Western Europe. Resource complementarity might 
be a more weighty reason in the case of Asia (abundant 
well-trained labour and natural resources) and Latin 
America (natural resources plus perhaps the proximity 
to United States markets). 

When Japanese management skills. capital and 
technological prowess combi::ie with chea~r local 
factors (be it labour. entrepreneur or natural resources) 
a formidable efficiency and competitiveness is created. 
Furthermore. a network of Japanese subsidiaries and 
joint ventures abroad seems to yield more strategic 
room for manoeuvring. One example of this is 
pr ... vided by the possibility that Japanese cars pro
duced in the United State~ can be imported into Japan 
if the yen \'aiue rises high enough. 

Conventionally, foreign direct investment has been 
mainly an acti\'ity of large enterprises. But recently 
e\·en small- and medium-size enterprises have begun 
to go abroad. If the movement progresses far enough, 
a cross-country keiretsu system could also be for
muiated. In fact, a prototype of this system can be 
seen already in Asia.• fhis mode of de factn integra
tion without formal agreement has been providing a 
powerful push for industrialization in East and South
East Asia. 

In sum, Japanese industry seems well poised to 
compete, but also to co-operate in and contribute to 
world economic progress by sharing their financial 
and technological assets with others.•• 

•For cumplc ~c <ccuon I on F.a•t anJ Soulh·Fa<t A'1a. 

••1n Shmii l'ukukawa, Jopafl'I ('hntu ,,, ,,, .. nt1 Crfl/Ufl 
ITokyn. TBS Britannica Publi<hing Co .. 1990) fin Japanc•el. 1t " 
rngge<tcd that .Japan •hould contribute to the world cc.innmy and 
peace under the thrcr heading• of globah•m. humani•m and 
indu•triali•m. 
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C Western [urope* 

Epoch-making c\·cnls arc laking place in Europe: 
namely. 1hc u11ifica1ion of the Federal Republic of 
Germany and 1hc German Democratic Republic. 1hc 
process of 1ransi1ion 10 1hc sing:c EEC market of 199.:! 
and Eas1-Wcs1 dc1cnic. The conllucncc of these: c\·cn1s 
has created arnpk opportunities for increased trade 
and im·es1mcn1. strong enough apparcn1iy 10 offset 
the slow-down phase of 1hc business cycle in Western 
Europe in 1990. The demand pull is expected to 
maintain ils force for al leas1 sc\eral years. Policy·
makcrs seem ready to face the challenge oi managing 
the strong growth momentum and controlling infla
tionary pressure. Gone arc the da~·s of worry·ing about 
··Eurosclcrosis .. (:>cc figure 11.3 for GDP and MVA 
growth in recent years. and also for the pattern of 
structural ch3nge in industry). 

It is further expected that \'irtually all branches 
of manufacturing will face strong demand. In a 
united Germany. pent-up demand for consumer goods 
(durables and non-durables) will come particularly 
from 1he area that constituted the German Demo
cratic Republic. Reconstruction and retooling of 
inefficient firms will also push up demand for machines 
and equipment 10 satisfy its needs and those of other 
European CMEA countries and the USSR. In addition. 
the EEC 1992 project has already sparked the building 
of infrastructure such as roads. railways. bridges. 
tunnels. communication systems etc .. causing a boom 
for construction materials. 

The flux of change and massi\'e inflow of invest
ment resources into the region. howc\'cr. cause some 
analysts concern regarding the question of whether 
resources are going to be shifted from dc\'cloping 
countries to Eastern Europe now that ideological 
confrontation is no longer a factor in de\'clopment co
operation. Notwithstanding such a concern in the 
short run. the long-run impact of economic reconstruc
tion in the German Democratic Republic. within the 
framework of a united Germany, could bring positi\'c 
effects to the economics of dc\'eloping countries. as 
was the case with European recovery following the 
Second World War. 

It appears that the process of unifying the German 
Ocmocraiic Republic and the Federal Republic of 
Germany is creating a new. robust force of industrial 
growth. The German Democratic Republic will pro
vide markets for consumer goods. thanks to the 
tremendous past build-up of household savings and 
the one-to-one e:<r,hange rate for conv~rsion of current 
income and pensions. The German Democratic Repu
blic also provides a place for investment, currently 
estimated at $6 billion a year. by businesses from the 
Federal Republic of Germany. 

Furthermore, restructuring industry for moderniza
tion with new machines and equipmen! <1nd with new 
management and market competition is expected to 
improve productivity. According to one estimate, 
"productivity in East Germany could impro\'e by up 
to 15 per cent a year. with some plants reaching 
Western levels in three years"(2). •• A well-educated 

"In 1he pre•en1 <ilnhol Rt'pnrt. chis and 1he follo"ing •eciion I> 
are clo~ely relaced for nh\·1011• rea<om. 

••Produc11,11y 1n lhe (ierman !>emocra11c Repuhhc " ahoul hair 
1ha1 or !he f'ederJI Rrpuhhc or (iermany 
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and well-lraincd \\llrk-force. bul inexpensi\·e compared 
with 1ha1 llf 1he Federal Republic of Germany. lures 
imestmcnt that will !:;:!;: raise producti\ity of both 
labour and capital in the German Democratic Repu
blic. 

For!unately the German Democratic Republic has 
access to n,11 on!y in\'estmenl funds but a sir..mg 
mC\:hanical engineering industry which is expected to 
contribute greatly to the rebuilding process there and 
in other CMEA countries. In 1')89. the sales of this 
industry grew by 13 per cent 10 115 billion deutsche 
mark (OM). with sales to the t.;SSR soaring by 32 per 
cent to DM 3 billion ... Sales to Easl Germany could 
triple in the next 1wo or three years to an annual le\'el 
of OM 5 billion-OM 6 billion"[3]. 

Technological supremacy places the Federal Repu
blic of Germany at an ad\·antagc in helping reconstruc
tion nol only in the German Democratic Republic bul 
also in other parts of Eastern Europe. The Federal 
Republic of German~ has been 1he major supplier of 
machines and equipment with up-lo-date technologies 
nr.edcd to meet fierce competition expected in Europe 
with the establishment of the single EEC market 1992. 

This foreseen need spearheaded the im·estment-lcd 
boom in Western Europe in the 1988-1989 period. Bui 
just as the boom was expected to subside in 1990 (or 
perhaps in 199 l ). two new .. structural positi\·cs·· 
arri\·cd. namely the fall of the Berlin wall and the 
waves of market-oriented restructuring in Eastern 
European countries. Those countries will be purchasing 
much more machinery and equipment on credit from 
the Federal Republic of Germany. which the latter can 
easily finance thanks lo its trade surpluses accumulated 
over the past few years. In other words. the in\'cst
mcnt-led boom may Hry well continue in the Federal 
Republic of Germany. the German Oemocralic Repu
blic and Western Europe as well. at least for the next 
couple of years. 

Additional impetus to the in\'cstment-led boom has 
come from foreign direct in\'CSlmcnt flowing inlo EEC 
countries. The prospect of a large and dynamic EEC 
ma•ket after 1992 ob\'iously attracts fore!gn direct 
investment into the region. But fears of being left out 
owing to possible protectionism seems to ha\'e worked 
also to accelerate the inflow. Table 11.13 shows the 
share of the EEC in foreign direct investment of eight 
industrial countries. The EEC share of United States 
foreign direct investment jumped from 15 j)Cr cent in 
lhc )')81-1983 period to 55 per cent in 1984-1987. This 
compares with the EEC share of Japanese foreign 
direct investment increasing from to per cent to 17 per 
cent for the corresponding periods.• 

The trend of foreign direct investment in the EEC is 
expected to continue increasing. particularly in view of 
even greater market possibilities created by events in 
Eastern Europe and the USSR.•• Such foreign direct 
investment is not only adding a demand force to 

"In ah•olu1e figures. 1he c11m11la11•·e roreign d1ree1 '"'es1men1 or 
1he trnued Slale• in l'urnpe amounced 10 $152 h1lhon compared 
"llh $.10 h1lhon rnr Japanese foreign d1rec1 m,·e,1mcn1 m i9MM. And 
yel II appears Iha! the presence or .Japan I\ more feared lhan Iha! nr 
1hc l!nued S1~1e.. 

••The mve<1men1-led honm may he' ma1n1amed al 1hc e~pen<e or 
•nme Jnelnpmg coun1nes, mo<I hkely 1he <uh-Saharan region. 
"hose <hare or l!nued Scale< direCI mve,1menl ahro>ad (cumulall\el 
Jechned rrnm I. I per cenl in 19M4 10 O.H per cen1 m 19HH. 



Figure 11.3. Growth rates of GDP. MVA 3nd manufacturing employment. 1984-1991, and industrial structural change. 
1975-1991: Western Europe 
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aggregate expenditure~. but also expanding the suppl~ 
capacity and competitive environment in the region. 

It is important to note that the greater part of 
United States foreign direct investment in the EEC 
went to chemicals and allied products and non
electrical machinery, areas where United States firms 
excel (see table 11.14). In the case of Japanese foreign 
direct investment in Europe. a large share went to 
electric and electronic machines and also to transport 
equipment. areas where Japanese firms excel (sec 
table I 1.14 for a breakdown of Japanese foreign direct 
investment). 

However, the penetration of Japan appears more 
menacing than that of the the United States. Table 11.15 
shows that European firms possess relative disadvan
tages in consumer electronir.s. electronics parts and 
office machines, when compared with Japanese pro
ducts in terms of quality, productivity and profitability. 
European firms in chemicals, pharmaceuticals and 
non-electrical machinery appear t11 enjoy i::ompetitive
ness al a level equal to Japanese firms. Perhaps these 
differences in product-le~el competitiveness explain at 
lea\t partly the worries of policy-makers regarding 
inflows of .lapane\e investment. 
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Initially, Japanese export penetration of EEC mar
kets met with anti-dumping measures. Then Japanese 
producers tried to circum\'ent them by direct invest
ment. But this effort met with .. rules of local content ... 
with Japanese firms being asked to procure a certain 
proportion of parts locally (80 per cent in the case of 
cars). In essence. these measures turned out tn be an 
EEC industrial policy to maximize employment crea
tion. value added and technology transfer into the 
region . .Japanese in\'estors appear to have accepted the 
tasks as demanded. considering their effort\ in locali-
1ation of R + D. product design and parts supply 
through various forms of joint ventures and technical 
co-operation. Mutual gains thus accrued: the .Japanese 
secured access to thr market and the Europeans 
received investment and technology from Japan in 
areas where Europe is at a disadvantage. 

Meanwhile, European effort\ to catch up with 
technology development in the United States and 
Japan have been stepped up. The ElJREK1\ pro
grammes contain J02 joint R + D projects developing 
semiconductor technologies, with some 1,600 com
panies participating and a budget plan of$ llU billion. 
This includes the $4 billion, eight-year Joint European 
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Cnder the BRITE programme Si'22 million are to be 
spent by 1992 w de\"elop new technoltigy for tradi
tiL1nal industries. particularly aeronautics and ad\ anced 
materials. The RACE programme includes a plan to 
spend S580 million by 1992 to de\"elop technolvgy for 
high-speed data telecommunications nemorks. Alto
gether. these programmes "ill be spending o\"er 
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ci\"ilian research attempts in the l"nited States. 
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However. the importance of the El:REKA pro
gramme stands out not only because of the large sum 
to be spent. but also because of its strategy to keep the 
market for EEC producers. This programme enables 
producers to define exclusi,·el) European specifica
tions for high-technology markets such as high
definition tele\"ision sets. digital mobile telephones. 
and office and home automation equipment. The aim 
is to pre-empt competition from the Cnited States or 
the Japanese high-•echnology suppliers. This action 
can be regarded as a European response to the 
Japanese reluctance to share technology or sell the 
latest machines for chipmaking. It should be con
sidered whether a new form of co-operation scheme 
could be devised to bring global efficiency. rather than 
compartmentalizing the high-technology markets into 
a pattern of trading blocs. 

~: c.entrt oa TrlllSlloltiOD4l CorporatioRS, Tile rn: 1e!!9rte.t:. lo.27 
(sptinq 1919). p.66. 

While competition in R + D and markets for future 
high-technology products rages. it is comforting to 
contemplate the great trade possibilities soon to be 
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unka~heJ h~ rela\ing !he COC0\1 rule-.. !hanks t.> 

the pa-.sing nf the \."llld \\ar erJ.. man_\ pnlhihited high
technol,1gy prilducts C<Hild be e\p<Hted 10 Eastern 
Eurnpean C<lllntries and the l 'SSR. and Western 
European suppliers stand hl gain main!~ because .,f 
their pr<l\imicy fge,igraphical and p<lliticall I<• the ne\\ 
markeb. These npp<lrtunicies ma~ pr,n ide chances for 
Eur,ipean suppliers to rec.ner 'nme of the share ,lf !he 
world high-techrwl<l)"\ marker Inst in cnmpetirinn 
w irh Japa'.1 and tile · · -~totte'>. 

Tn condude. the: :n face-. an unprecedented 
npponunit~ l<l re,hai, .. the European industnal ba-.e. 
l<l make it cnmpetiti\e and to gr<l\\ at a health~ pace. 
P1llic~-mJkers are c,infronted \\ith h1st•lrical ta .. k-. t<i 
beat s\\nrds inll• ploughshan:s-s\\ itching human 
and non-human resources 111 peaceful u-.es. Ha\ ing 
experienced the su1:ce-.s of the \farshall Plan after the 
end of the Second World War. European' .. cem 
C•.'nfident ah.iut how'" tran,f•lrm the end <lf c11ld war 
into a ne\\ period nf pr,isperity. But snme 1!bserver-. 
are c1mcerned that. in that process. the EEC may turn 
im\ard tlr that the problems of sub-S:!haran Africa 
and those of Latin . ..\merica ma~ be neglected. 

D. Eastern Europe and rhe t.:nion 
of Soviel Socialisr Republics 

...\ great e\perimenl in reform is taking place in 1he 
region. namely the integration of hitherto closed 
economic' into th:: \\1ffld -.\stem. The reform-. aim in 
part al bringing in ne\\ wmplemel\lary resources such 
as ad\anced technolog~. ime-.tment and management 
-.kills needed lo make stagnating enterprise-. \ iahle and 
efficienc. ·1 he reform-. aim also at intrnducing decen
trali.1ation and market competitinn for profit-making 
among ente:-pri-.e-. . .-\daptir.g a market system to the 
local conditi,m-. appears to imohe enormous s11Cial 
cmts. including inflation. unemployment. lo,-. 11f j11b 
security. widening in1;,1me differences. initial decline' 
in n:al income etc. There is no theory or e.xperien<.:e t.1 

help the tramition n11ne smonthly. fl,1\\ever . .,,,me 
countries. 'uch as Ctc<.:hmlo\akia and the German 
Democratic Repuhlic. -.eem better placed than other' 
to cope \\ith the problem-. . .-\pprnache., to intrnducmg 
:• market '.\•.tern r;,nge from a .. big hang ... as 111 

Poland. to .. incremcntalism ... a-. in Hungary. On the 
\\hole. the re!:(ion is e.xrected to expl·rience 1ero or 
negall\c grim th during the ne\t couple of year,. The 
reform-.. if succe,_,ful in the long run. \\ill hring ab1Hll 
net bencfih to the glohal n:onomy and ill! the regions 
in it. 

Orn: L;hic problem comm11n !11 all countrie' in the 
region 1' the lack 11f infrasrr111:ture and .. 11\..,tllutional 
tpo1,·· that enable a marker 'Y'tcm to functi1in. 
l·:.xamp[c, in~ .1de a hanking 'Y'lcm. \;mou' financial 
imtrumenh _,uch a-. ho11J,. dehenture-. and ,i11ck'. an 
accounring ,y-.tem. a la hour market "'ith rea,onahlc 
la hour n111hilit\. a go11d' di,1rih11tion 'Y'lcm and 
commercial communica11011' network'. lhe'e too(, 
ha\C to he dc\clopcd and applied. and 1hro11gh the 
accumulallon of e.xperiencc. all partic1panh in 1he 
'Y'tcm-accountanh. hankers. factory manager'
n111'1 hecome ,kilful in their u'e. TIHI\. human capital 
form<1tion w11h an emhod1mcnt 11f these 'kill' n111,t 
proceed '\no.:hr11no11,ly \.\ith the hard\\are or con,truc· 
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ti<lll side ,)f the tnnb and institut1tin'. The .. y .. 1cma11.: 
change fr11m a centrally planned ec,>rhim\ t11 a 
marke:-cnmpeti1i,111 '~'tem may rcyu1re at lea't a 
decade bcf,1re reaching a rea-.,inahlc. \\or!.. mg leH·I ,,f 
perfect 11111. 

The lac!.. ,if che .. e t<i,1b and in .. titut1••ll' make' the 
.... icial cosb ,,f 'Yslt:m tran,f1nniat1<m unduly high. 
lntr,1dui:1i11n ,if markel ~·,1mpetiti11n pr,•,upp1lse' the 
e\iscence ,i!· a large number ,,f ctimpecit.irs. The 
traditional bilateral. fi\ed buy cr-.. ellcr rclaci,in,h;p 
must be multilaterali1ed. \\htch mean' hreal..ing up 
C\i-.ting n11mnpnlies and monopso!lie-. and intrnJui:ing 
man~ ne\\ •:<lmpecing supplier .... T,i d1i '"· entre
preneur-. must be ahle l\i di-.cern bankabk bu,iness 
prnje~-1~ frim1 non-bankable one-.. But di·a1irtcd prii:e' 
make it imp1issibk 1t1 judgc future pr,ifi1ab1lity. 
Furthernwrc. rhe ability <>f factt>ry manager' tn make 
right decision-. has not heen adeyua!el! tested. In 
shnrl. e\Cr!thi;ig lo,1ks uncenain. and Jec1'i•lll' h~ne 
to he made in che dark l meaning \cry linle informa
tion or almost total ign,1rance) as an a.:t ,,f fanh. 

'."e\ertheless. thmu~h trial and er;or. the reform 
process is going <lll. For in,tance. in Hungar~ \\here 
reform efr.>rts ha\e lasted t\\o decades. the pri\atc 
sector n11w acc.ium-. for o\·er ::!5 per n·nt of econ1H?Ho.: 
transaction-.. But the rest is -.till in the hands t1f the 
'late. and the exiscing system of incentiH·s rep1•rt..:dh 
is not \\orking t.i diminale inefficiency in the State 
sector. 

.. Pnorly perf1 irming enterprise-; recei\ eJ Go\ ern
r.ient support in the form of reduction' m taxe,. 
easing 11f credit condicion'. price increa,e-.. prefercn
tial wage arrangement.... anJ ;traight suh,idie;;;. 
\\hi le gnlld performance .>hen icd tn additional 
charge, . . . It has been ... uj,!ge ... tcJ 1hat. under 
pR·scnt c.rnditi11n,_ the rem1nal 1•f firm-spei:rfic 
support would re-.ult in che bankrupcc~ nf ..io-::>o pl.'r 
cenl of Hungarian fimi-. This ha' hecn ,aid 111 he 
the ca-.e hecau'I.' of the lack 11f dfed1\e lah11ur and 
capital markets in Hun:,!ar! .. t1..i). p. ~91 • 

:\!though do-.mg d1•wn ineffic1en1 firm' \\"uld 
release resources for ml!r..: efficient lhe'. pnht1<.:al 
consideration' ffor c\ample. unempli•!menn 'ecm t•l 
he h11IJing hack the reform pr11ce". Whether to 'peed 
up pri\ati1at111n i-. being o;eri1i11-.ly debated. 

On the foreign direct in\c,tment frllnt. llungan 
pa"eJ a landmark law in 19X') alhming 1110 per cent 
foreign 11\\ ner,hip. Thi' pr11\ l\Hlll h c\pecteJ to 
ac•;elcr,11e hireign di reel ime-.rrnenh. w luch numbered 
I 7X ca-.c' as 11f :\pril 19X9. with t11!al forcif?n c;ipi1;1( of 
S::!6.l.::! million. Of the t11tal. IOI'\ ca'c' \\cnt 111 th.: 
manufact~nng _,ector. •• h1r ih di-.trihution h~ indus
trial hr;mch. 'ce t;1hle II. lb. 

SeH·r;il ad\antagc' appear t11 ;1ttract foreign dm:cr 
ime-.tment to ll11ng;tr\. On an ;Hnai:c. \\age' arc 1c,, 
1han 11ne third nf lh•"c in Wc,tcrn hir.1p..:. l·\pon' 
from Hungary rccei\c prefrrential '!aru' in the I.LC 
and the I '111tcd Stain.:\ _1111111 \enrurl· ... 11h ~o per i:ent 

•tkl.t n.11 .• , ... ~. "'\l'\! ''l'p-.. U1the11110~.Hl,U\ f litl1 .. rJll1. Hl•fnrm·· 
1t1/,,i1,.,,,I1,r11r1·11n /, ·'""""''·I .ti! 1•1..,··1. p ,,, 

•• 1 hr l.11r .. 1 t· ... rim.1lt' >!'l\r ... 1 r,if.•1 ,,, ••\l'r •mo 1•1inf \.l'rtl11r<"' 

1ir1lr,h!rd h'. !hl' l'nd ,,1 1 1 ~~'/ ( ,,n1r.hh t .. r m••rt' ih.rn .'.noo '-·''t"" 
,lft' <''f'rllt•d loi ht· "'l~HH.'d 111 l 1J111l 'it'L" Philip Hc\/lfl, "ll1in;:-.1r1.111 .. 
t1· .. 1 p1•\\l't nf \.\l·,1t·rn l',1,h"'. ·f\l,;n u·,11/ \1r,·,·1 foi1r:1.,/. 11 .\pt1! 

1'1'111 



Figure 11.4. Growth rates of GDP. MVA and manufacturing employment, 1984-1991, and industrial structural change, 
1975-1991: Eastern Europe and the USSR 
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or more foreign ownership can enjoy an income tax 
exemi;tion for as long as fi\·e years. and Hungary's 
geographical location between Austria (entrance to 
Western Europe) and the USSR (a potentially big 
market for Hungary) plays a very big role. 

In contrast to the Hungarian approach of a slow 
but measured reform process. Poland has decided to 
plunge into a so-called big-bang approach. As of 
I January 1990, the Government of Poland cut State 
expenditures drasticaliy and let prices soar. The 
consequences were. as expected. a 45 per cent innation 
in January; wages increased only by 1.3 per cent; 
production fell and uns1,ld stock piled up. Mass 
bankruptcy seems t<1 be threatening. It is ti>o early to 
judge whether the shock-therapy will bring about the 
desir..:d results; namely. new prices settling soon into 
equilibrium. cnterpri~es being selecred to sun ivc 
according to efficiency criteria. and growth being 
sufficiently robust to absorb displaced labour. 

Despite the uncertainty facing the econom). foreign 
direct inve~tment is ;:xpected to continue to increase. 
Since the liherali1ation of foreign direct investment in 
December 19!!8. the number of joint ventures climbed 
to 657. as of October 1989. one fifth of which went to 
manufacturing. See table 11.17 for branch-level distri
bution. 

It is interesting to note that a large numher of joint 
ventures took place in light industries such as food 
processing, wearing apparel and wood products. 
Apparently the need to rnc;et immediate shortages in 
consumer gooch is great. One great attraction for 
foreign direct investments' in Poland is the comer-
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tibility of the zloty-an important clement of the 
reform package. Fore!gn investors seem also impressed 
by the patience shown by Poland and the support 
gi\en to the shock-therapy approach despite the 
expected pain. Poland has also been able to negotiate 
nn the rescheduling of its debt, under favourable 
terms. making industrial restru..:turing relati\ely easier. 

If the approach followed by Poland is successful. 
the ::xperience could provide an inspiration, if not a 
model. to other reforming countries. The basic reason 
for optimism can easil) he att~ibuted to the fact that 
the reform movement began from the grassroob level. 
rhe origin of the reform m1i.emcnt in the l:SSR gives 
a contrasting picture-it came from above. 

Compared with Hungary and Poland. the history of 
pcrc.1troika in the !JSSR is quite short. It began 
actually in 19X7, and the Government is still trying to 
work out an optimum mix of centrai planning and the 
market economy. Debate hetween conservatism and 
radicalism i~ expcctrd to continue. The outcome could 
be a compromise taking some middle me<i'ures in 
such critical areas :i' freeing price!'., defining proper!~ 



O\\ nership. subsidi1ing state enterprises and gl\ mg 
independence to the banking system from State 
control. If poli•:y-makers are forced Ill resort tu the 
trial-and-error approach iu these areas. uncertainties 
will multiply. and domestic and foreign in\estors are 
iikely to iose confidence. 

In spite of these uncertain factors. foreign direct 
investment flows into the USSR have accelerated. As 
of September 1989. total joint ventures climbed to 
929 cases inrnl\·ing $1.6 billion. In 1987. only 23 cases 
were initiated. rising to 168 in 1988 and to 738 in 
1989. See table 11.18 for the origin of foreign partners 
in jmnt ventures. It is noteworthy that most of the 
joint ventures have come from EEC. EFTA and 
CMEA member countries. The United States and 
Japan have signed only 86 and 18 contracts respec
tively. The concept of the "European House .. seems to 
have strong support from European-based foreign 
investors. Especially the smallness of the role played 
by Japan does not seem congruent with its financial 
and technological ability. Meanwhile. the large role 
of the Federal Republic of Germany• stands out 
conspicuously with 139 cases of joint ventures. and 
Finland with 10 I cases. 

Among other Eastern European countries. the 
German Democratic Republic and Czechoslovakia 
appear well poised to reap the benefits of opening up. 
Although the imminent integrating of the German 
Democratic Republic with the Federal Republic of 
Germany makes a speciai ca~c. Ctcchu,,lovakia and 
the German Democratic Republic have been the most 
industrialized area in the region. There is high return 
potential for the infusion of foreign investment and 
technology. Furthermore. the two countries ha,.-e the 
least burden of external debt. As of December 1989. 
there were 50 joint ventures in Czechmlovakia as 
compared with 35 in Bulgaria and one in Romania. 

Though the rush of foreign direct investment into 
the region looks impressi\e, the value of the total 
investment is estimated to be approximately $2.2 billion 
(as of October 1989). The sum compares rather 
modestly with the foreign direct investment total of 
the United States-$49.2 billion in Latin America or 
$18.9 billion in Asia and Pacific (in 1988). The Eastern 
European region could make use of far more foreign 
direct investment than accumulated so far to expedite 
the process of industrial restructuring. The region 
stands to gain by introducing more attractive foreign 
direct investment regimes and improved infrastructure 
for the market mechanism to function better. 

Fears have arisen as to whether the flow of 
investment resources into the region may not be in 
fact at the expense of deveiopin& countries. Existing 
studies have yielded little evidence to validate such 
worries [ 6 ). On th~ contrary. long-term benefits to 
developing countries could be substantial if the 
building-up of new industrial capacities in this region 
along with Western European inJustria! vitality brought 
a spill-over effect. 

•"'Of all w"icrn coun1r1c,, Wc,1 Cicrman~ "1hc mos! acme in 
Sovie! join! vcnlurt\. Bui c•cn 'mall Wc'I (icrman Companie' ha•c 
had per hap' a 15-ycJr hl\lor~ of Sm icl 1rading hcfore '1j!ning a 
10101 vcn111rc agrccmcnl. w._1 Cicrmar.y rcccnlly gol another 
advan1agc over lhc compc1i110n "llh lhc annm1nccmc111 1ha1 h• 
1992, 1w11 1h1rd' ..r 1hc lcchn1'al 'ldndard' in lhc So\ICI I :111110 will 
he ha,cd <10 lhc (icrman 10dt1,lrial O••rm\' !i~j. P.221 

I~~.ll-ll- _ ;c;r.t •t~t~~ ir. t.."' i'SSf. 
~:: .9ti'i1r. ~u~m~ ~~= 

1 As ot l October 191~ 1 
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E. Latin ..\meril"a and tht· ( ·aribht·an 

Though the reg1••n 1, ... 11l1 llghtmg aga111't the pro
hkms ••f high inflation. deht sen ice ;md unemploy -
ment. the pr.1,pecb f,1r 1nd11,1rial ~r.>\\lh ha\<· !m
pr••\ed in general. alheit marginally-. In 19X9. <il>P 
and '.\f\".-\ gre\\ hy I.fl pc:r ~-ent and l.S pc:r cent 
rl!specti\ dy I up frt•m I. I pc!r cent and IU per cent 111 

I9XX) bl!!! figure 11.5 for (il>P and '.\!\ . .-\ gnl\\th in 
recl!nt ~l!ar .... and also for the! pattern of :1ructural 
change in industry l. In 1990. they arc! l"'pc!cted to 
g~o\\ hy 2..J per cl!nt and 2.J pc!r t:l!nt. respec!i\dy -
slightly abon: the rl!gi•111·s population gnmth rate! of 
2.1 per cent annually (\l!e tahk I I. I9 for '.\f\".-\ gnl\\ th 
ratl!s for the 19fiO,_ 1970s and I9Xfo, h\ .:ountn): 

Signs of impnnt:d growth pros~cts abo~md. in
cluding a significant pi.:k-up in i:xports both intra
rl"gionally and extrari:gionally. hmi:r inflation in 
major countril!s (for i:xampk. Bra1il. Chik and 
'.\1cxico). some progre...s in debt-for-im·estment ... wap .... 
gra~ual remo\al of trade barrier-;. ar.d vigorous 
.. mlormal sectors .. and pri\ ate sl!chirs offsetting dif
ficulti•:s experien.:ed in some State-ow nl!d enterprise .... 
On the whole. the region seems to be read\ to ka\e 
bchmd_the .. lost decade .. of the l9XOs. in ~\hi.:h per 
capita mcome declined by X per cent. to enter into a 
new decade of r-:cmery and industrial re\itali1ation. 

An item for current concern is. ho we\ er. hrn 
in\estment for both physical and human .:apital which 
d.1es not bode well fnr furure producti\e capaciry and 
producllnty ([71. pp. Jl-40)_ In the short run. there is 
concern ab11ut Bra1il"s sh1>ck therapy !anti-inflation 
measures I. which may possibly pr.>duce a se\erl! 
recession. thereby hr:nging ad\erse repe1cussions for 
the! fragile reco\c:ry in the region. 

On t:ie brighter side. regional exports of manu
factured goods apppear to ha\e been si•aring accord
mg to a\ailahle fr.1gmcntary e\idcnce. In 19XX. for 
nample. Bra1ilian exports of industrial products 
Jumoed by J4 per cent to $24 billion. Sotahh. the! 
leading items included semi-manufac!lm:s ($4.9 hillion 
worth of exports in 19!i!i. up 50 per cent from 
$3.2 billion in 19!i7). iron and steel ($2.2 billion worth of 
exports in 19XX from $500 million in I 9X7) and transport 
c4u1pment ($3.4 billion in 19!i!i from $2.X billion in 
l9X71 (sec !able 11.201 . .-\pparcntly. the \igorou' 
gro...,_th in \·>"!!stern Lt.rope ha' heen pla~ing a part in 
pushmg up Latin American exports. It ha' hc.:n 
reported that the 1-cderal Republic of ( icrmanv alone 
imported $19.X billion from the region in 19x9. an 
incrca-.c of I ~-1 per cent mer the pre\ iou' year ([XI. 
p. 24). Thi-. portend-. what i-. to come a' gro\\th in 
Western Luropc hcnefih from rhe ITC 1992 project 
coupkd with economic reform-. 111 L"tcrn l·:uropc.· 

lntcrnal!y. informal -.c1::tor' and pri\ate 'e1::tor' of 
the c1::uno111ic' appear to he faring rarhcr well in -.pirc 
ol l11gh inflation and !he \agarics of policy change. 
l-.q11ally encouraging nn.\·, come-. from the Carihhcan 
Communil \ IC:\ R !COM). which achic\ ed a 20 per 
n~nt growth in inlrarcgional rradc in (lJXIJ. Thi' 
'urpa"c" 14 per cent growth in llJX!i and X per 1::cnt in 
l9X7, when four year' of decline wa' hailed. II ,1w11ld 
he remembered that in llJX7 CARICOM agreed lo free 
trade in a (i,t of prnd11ch of regional origin incl11d111g 
pr(}(.:c"cd food,, cltcmical produch and foolv.ear. In 
the 'amc ~car. ihc regional c.xport hank wa' al...n 

rc:acU\atcd alkr cncountcnng ")me d1lficul11..: ... 111 

;achie\ ing thc capitali1ar:. ,n tarl!l!I. 
lhc uptrcml ••I rradc ~··•inciJc, \\ith rcg111nal dfori... 

10 ••pen up and inrt·gratc nwrl! \\ith the \\<irld 
ccon.1111\ a' a \\ay ,,f making indu,try lll••re c11mpeti
tl\e. [n,1e;1d ,,f .:onunuing l<' pn•tect dt•mc ... tic indu ... -
trie' and thu' makmg them unc•Hllpc!titi\e in the 
\\orkl markct. the nC\\ P••licy i-. to e'po-.e them to 
imp•>rt competition gradually. The aim i-. to force 
d••mc-.tic prnducer .. to become more dlicicnt. Thu ... 
for instance. in recent year' ~1c,i1::0 has n:la ,cd 
re .. tricuons 1•n imp••rting autonwbilc .... C••mputer' and 
pharmaccutical produci... . .-\t the 'ame time. a1tracti\c 
measures to in\ite foreign Jircct ir.\·cstment ha\e been 
introduced. thcrchy '>timulating exports a' \\ell a .. 
dcml!stic _compc!tition. The! new mcasurc' alhrn IOO pcr 
cl!nt lore1g_n owncr .. hip• (.:nmparcd \\ith -N per cent 
bclore). \\Ith n:> appnnal rc411ircd for in\e,tmenh 
under S IOO million. '>implification of papernork on 
1ml!-;tment re4uiring authori1ation h\ the '.\ational 
Foreign Im·e.,tment Commi.,.,ion (thc- appro\al deci
'wn to be madc \\ithin 45 \\orking da\S) etc . 

Similar mowmcnb 1<rnard., gre;ler irade-and-in\C.,t
ment libcrali1ati•lll can be ob.,cncd in other countrie-. 
in the region-nlltabl~ in Bra1il. Chile. Ecuador. 
\'enl"lllela and most of the Caribbean countri::s. But 
the challenges facing Bra1il app!!ar mo-.t formidabl::. 
Ha\ing failed \\ith the Cru1ado Plan of 19Xfi and the 
Summc:r Plan of 19X9 to cur inflation and rc\·i\c 
in:..lu~.tr: .. the newly dcct:.:d Cimcrnmcnt is resorting tn 
Jrastac_ mc;;sure-. to frl"e/e .. sa\ing-.··. to '>top \arious 
,11b-.1d1cs. to rcp1ace 411antitati\e rc,trictions on import-. 
by tanlh. to lift major rc,triction-. on foreign imest
ment and to step up pri\ati1ation of State-m\nl!d 
cntc.-priscs. The immediate impact of the policy 
package 1s most likely to he a rcccs...ion. as the 
package implies rhe withdrawal of XO per cent of 
mllncy supply. 

Howc\cr. those industries which can cxp1>rt will 
~urn\c because for many of them export' pro\idc the 
\\ay to gl!ncratc ca ... !t flow. For in,tancc. the ,tccl 
industry will try 10 export 70 to XO per ccnt of the 
22 million to_nnc' produced in 1990 (wmparl!d with 
50 per cent nl the 24 million tonne' produced in 19X9). 

Similar 'uni\al strategics c:·u:d aprly to aluminium. 
paper and wo1.d pr.>ducts. I hcsc arc the rc-.ourcc
bascd indust;ic' whcrc Bruil enjoy-. comparati\c 
alh antagc. In conrrast. the con,umcr durable' indu,tn. 
'ustaincd under hca\y protection. ma\ ha\e to suff~r 
the mo't. •• -

Indeed. the major countric:' of the rcgion-Bra1il. 
Mexico. Argcntirw and Chile-were sub1cct to a 
"'_stop-go" pattern of stahili1ation (anti-inlla.tion 1 poli
c1c' throughout the llJXlh. But intl!rcstingly. the: 
1ndu,tncs 111 each country under 'trc" ha\c under
gone the Br;11ilian pallcrn of 'truclllral change: rhat i,, 
tho'c indu,tric' with a ...irongdomc,tic natural re">11rcc 

•1 ·p ''' too Pl'r u·nr l11H·1~n 11"11n..,h1p '' .1ll1nH.·d m rnlnrh. 
P11 hl··~1cr'. p111\.\lfl\l lhl·1rHk. pJ.1,flr' .. 111t1•n111h1k p.1rh. l'\f1lc".i\t''· 

t1rt.·.1rm ... 111d 111111;n)! \tr.11q.!11 .. n.t11r-.. ,,h.h ,,, J'l'tr11ln1m. l1\dr.1-

l0Hh1 n.., .rnd h,1,1l· pl'fr11du.·m1\.'.al' .• ind ,,,l·1.il 11\nh .. ·,hl. ''"·-'h ,,, 
l°ll'lllllll\, r.111".n· .. r.ul111 hr11,1d"'·'''HI>! .11hl h.rni..111>? .• lfl' ... 1111 
prL"-.t"f\l'd for ~fl'\h.:.rn n.:ftH11.it ... 

••,.\, .1 fl" .. 111! nl lhh '1l11.1t111ri. ,I "l~rHfll.111( fr.uk ... 111pl11' 1, 

"''P<"l"l«d ··~·"" 111 1•11111 I 'p1 1r1 .. 111p~11' "·•·~ c1\rr ~.,o hilh1•n 1n 111x:-1 

llll'"l' '11rp\1ht'., .ur IH't'dt·d 111 't°nh't' tht• drhf l11r m,lf\\ \l',H., 111 

l'tlfl)I' 



Figure 11.5. Growth rates of GDP. MVA and manufacturing employment. 1984-1991. and 'industrial structural change. 
1975-1991: Latin America and the Caribbean 
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IKillions of dollars1 
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l "' Iron ore lm 1 145 1 402 1 2l4 I !'>Ol I 121 

Soya meal I i9l l 160 1 17~ l lll I 150 2 024 

otber ) 2!& ) 216 15n 2 171 l 007 l '>17 

Industrial products ll OS? 17 ~5 16 122 14 867 I! 001 24 Ol2 
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llanuf actur"5 11 275 lS Ill 14 061 12 l!6 14 Ill 19 !CJ() 
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Boilers, lledlanical 
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Electrical udliner1 411 591 511 794 Ill 159 
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Orillljl! juiOI! 60I 1 415 749 636 m I 144 
Iron and steel unllfactur"5 1 259 1 51! I 206 m 501 2 115 
otber 5 689 7 755 7 276 5 929 7 027 9 012 

Otber prodllcts 307 295 279 in 115 302 

'IOrAL 21 ~" 27 005 25 639 22 m 201l ll 711 

-------

5m1m: ~in 41:rican P&ongticJmn, ll Januuy 1990, p.u. 

base have performed better than others that have grown 
under heavy protection. The former group include' 
industries ,,uch as chemicals, petroleum relining, 
petroleum products. plastic products. non-metallic 
mineral produch and iron and steel. The latter group 
include' textiles, metal products, electrical and non-
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electrical machinery and transport equipment.• See 
table 11.21 tor the regional pattern of industry growth 
during the 1970sand 1980s. 

Such differences in growth performance suggest the 
need for sharpening the competitiveness of lagging 
industries. One way. which has become popular 
recently. is to induce foreign direct investment to flow 
into the lagging industry with new technology and 
skills for management and marketing. The region. in 
fact. has been doing rather well in attracting foreign 
direct im·estment in manufacturing compared "ith 
other developing regions. There has been an increasing 
foreign direct-investment trend in recent years. despite 
the region's difficulties in servicing its heavy debt and 
the question of credit-worthiness. 

United States direct investment stock m Latin 
America soared to $49.3 billion in 19X8, up from 
$44.9 billion in 1987 and $36.9 billion m 1986. 
Likewise . .Japanese direct inves1ment stock jumped to 
$31.6 billion in fiscal year 1988 from $25.2 billion in 
fiscal 1987 and $20.4 billion in fiscal 1986. ••Apparently. 

0 Thc c•peraence of .\rgenllna '' '1mliar ·1nd typical. "'Whale 
'"erall indu,11aal pr11d1acla11n m l'IX'I "a' ·' 9 per cent ahnH 19X5. 
the 11u1put of 'ec111r' linked 111 lhc c•porl markcl had gr""" the 
m11'1. chemacal' hy ~I ~per ccn1. :ron and 'tccl hy .i5 .. ' per crnl. 
pla,1ic, hy 'X.I> ~r cenl and alummmm .,, 27 I per ccnl. In 
conlra•t. andu,1raal 'ccior' ·~llmg pramanly to the dome,11c markcl 
and "Hh high income cla,11c11~ of demand for 1he1r product' had 
•uffered: the 11111pu1 of lhe c;ipatal good' 'ee111r had dropped hv 
·'2 ~per cen1. con\11mcr durahlc' hy 27.1 per cenl. 't"'c' and ,.,lier 
hea11011 'Y'tcm hy 9.~ ~r ccnr and auromohalc' h\ ·' 2 per c~n1·· 
!I'll. p. I~) 

••\.fuch an\c,lmrnr h\ Japan an reccnr \CM' hd' ~··nr 111 
fldh.1ma'. C'a;:ncn hi.and, ;11111l';in.una1>hcrc npnrl 'prangho1,mh 
I•• nc11t.hh.111ranl( c111an1rar-.1,11ch "' rhr I :n11c<I Slalc'J cmald hr hualr 
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the debt-for-investment swap deals have played a part 
in the increases. but the extent is not know· 

It is interesting to note that. of the ,1ed States 
total investment. 36 per cent went to the manu
facturing sector compared with only 17 pef cent in 
Japanese investment. The prowess of Japanese manu
facture is yet to be tested in the region. Japanese 
investment in electrical machinery and transport 
equipment is dwarfed by that of the United States. for 
example. though the Japanese have a stronger compe
titive edge in these industries (see table 11.22 for other 
industries). 

As if to compensate for the Japanese lag behind the 
United States in investment, the .Japanese general 
trading companic' arc stepping up their activities in 
the region. The major companies such as C. ltnh, 
Marubeni, Mitsui. Mitsubishi, Nissho Iwai and other' 
have been expanding their presence through joint 
ventures. reprc~cntativc offices and subsidiaries. The\ 
provide services organi1ing counter trade, both domcsti~ 
and international marketing. equity inve~tmcnt as well 
as new plant construction, and integrated (custom
madc) business scr'- ice' imolving hanking, insurance. 
shipping and warehnu,ing services with formidable 
gl0bal information netw11rks. These mulu-purpose 
companic~ have a !ra1.:k record of helping the hori-
10ntal division of labour among Asian developing 
countries. They have already posted high profit 
earnings from their l.atin American opcralions. The 
movement of the region toward greater liheralitation 
of trade and investment can he: greatly helped h\ these 
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llan-tiectr ic:U lldli•ry 2 Oil Pl 
ElectriCll a::!Untry 1 <Y.ii m 
Tr.iasport '91ii-t 2 121 1 O'jO 

otller 111•hctures 4 704 m 

lloa-.mif actllt inq nm ~ 110 
lqriotltun t 190 
Fislteries k.' 146 
lininq '·' I 557 
i'ttrolY • '74 it 
Construct ioa t 208 
Tride •ad wles 2 112 l 5Cll 
Bankinq 4 IOO c 
Fi1111a aDd 111511r-=e 14 535 10~ 

Services 1 C"' m 
TrllSjlClrt <;,' 9 2J6 
IHl esUte ~' lt2 
otller --m:1uhct11ns ) 234 1 271 

10fAL 49 2ll ll '1~ 

~: l!nited States D!pllUent of C-m and Japan Rinistr1 of F1nanct. 
ii As of ll llardl 1919. 

b' Incl~ ;n otller lilllfitt.ires. ,, inciudN ia other llOll1lllllfactures. 
41 Included in 1ininq. 
C.' Included in f i1111a and insurance. 

companies. partii:ularly to create greater ecnnnmic 
linkages with Asia.• Such linkage' appca1 o\crJue. 
considering the rapid global mtegrat1nn process in 
progress. 

The traditional ties of the region with the l.'nitcd 
States are well knnw n. But recent I\ a new tw i,1 ha' 
been added to the scene by the prospect ,,fa free tr;1J.: 
pact between the l:nited States and \,fexico. :\!read\. 
the United States and '.\1exico have agreed to c1indude 
trade accords on textiles. steel. petrochemicals. fruit. 
coffee and beef. Reported!\ abo. both Go\ernrncnr
are \tudying the possibility 11f forming a '''.\orth 
American common market". Furthermore. the rcgilln 
seems to he building a bridge to Western Funipc 
through Spain. Argentina. Chile. '.\1cxico and \'enetuela 
have concluded trcatic' of friendship and ec1inomic 
en-operation with Spain. 

To sum up. industrial gr11wth in the region i' still 
shackled by the high level of dehh. Inflation. though 
tamed in Chile and no-A m ~exico, is 'till plaguing 
m;iny of its countries. Yet there arc signs 1ha1 the pnor 
growth performance of the 1980s may nol he repeated 
in the coming dec;idc. Thi." global pro1.:c:'' of ecnnomic 
integration is giving birth to pmitive growth impulses 
m vir1ually all regions nf the w<1rld. and Latin 
America is no exception. How to make use: of this new 
force is the questinn and challenge facing polic~

makcr'i. 

•Jln\.H"\.t"f. 11 It ""h<'' 111 ,l\nlll 1ht p11,,1h1!1I\ 11f hr1r1it f11rl"IJln· 
d1,m111<1IC'd. 11 hrh11\.C' th(' rr~;lln ,,, drH·l11p '" ''"n m!i\11 p1upn't 
)(l"nc:r.11 1r.1d111)C t.:t•mp.011r' h\ k.1rnrn,.: lrnrn lhl' .'.1p.rnr,c.• l'.1 111nt("r

r•1rt 
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In llJ~<'J. <rl>I' Ill thl' rq!l"ll gr<:v. h~ 2.X pc:r n:nt 
.and :'1.1\'.·\ h\ I. - pc:r .:<:rt!. an 1rn1ir11H'rtlC:ll! ll\C:r ll)KX 
gr11\\tl1rat<:'111 l.IJ pt:r cc:nt !111 < d>I' and 0.7 pc:r .:c:lll 
tor :\1\/:\ I ht' 11pv.;1rd trl'lltl '' npi:cic:d 111 .:11nt11111c: 
111 1990. v.1th <.J>I' ;ind \1\'.·\ gr111qh 11t ,_5 p.:r t:t·nt 
and llJ pn cc:nt. rc:,pc:ctnc:h ht't' figuri: II (1 lnr ( d>I' 
and \1\'_.\ grimth 1r1 ri:t:c:nt \c:ar'. anti a(,,. tor the 
p;1ttc:rn 111 'truc11ir;il diangc: 111 md11,fn) ..\ nia11•r 
1mpc:t11' 111 l')Xl) lMllt' from rapid gr11v.1h 111 agri
cultural 111111H1!. lll"'' n11t;1hl\ in I"'' .·\lrr-:a. \\1th 
nc:arl~ X pc:r cent gr11v.th ~ .. n1t· nnll·I•""' 1tnn' '11d1 
a' C<H.:na, col!11n l1rl!. ll'a ;md c11tln· kd 11th<:1 rll'll'' in 
h1111,t1ng thl' gr .. v.th rate:. 

ln.r,· .n! '-"'!'''rt <".H!llll!,!' .:n;thlc:J "'111'-' -:1•untrrt:' 
c rri- l<id1?1!,! B.11'" .1ll.1. < 1h.u1.!. \I, 11.1mh1quc:. St:n<:gaL 
'1c·\chl'ilc:' .u:,f /1mh.1h\\t'l l11 amp.in .1 grt:a!<:r ;1111,1un! 
. •I m.a:~ut.1,t•:~lll!,! mp!a!' .tnd m..:rc:a'c: .:.1p.1.-rt\ util11a
:1 .. 11 In p.trt. rd1.1bd1t.ttr••rt adn1ta<:' al"' .:i111tnhut<·J 
1,• tilt' l!l!J'~·1'.:m<:ll! Ill \I\"\ gr••\\lh I h<· t<:\!tk' 
mdu,!r\ m '1ud.tn ;anll pb,nc·, tll Burl..ma I ;t"' 
pr.•\1d<: t"\.tmpk' I ln the: ''h·•k. -:ap;1.:11~ u11l11;:t11•n 
.1pp<:ar' I·• h,t\t: 1mpr••\<:d 111 ,ud1 1ndi:,tnc:' a' 
!<:\!rk'. \\C:,l\lllg .. tppart:I .111\l lc:a!ht:r pr11du.:1'. \\lllk 
h11k r111pr1•\C:mt:rH \\,,, lll.lJc: Ill !ht: c:lc:..-rn.:al ;ind 
t:kdr1111i-:' hrand1c:' In '.\1gc:rra ;i ~rc:at iump ha' ht"t:n 
n11t<:d rn -:.1p;1.:u:. u11h1at11•n. 11• -l-l pt:r ..:c:nt Ill 19i'ii'i 
tr••lll ;- p.:1 .:c:rl! Ill !9~:'. a;1d 111 Zamh1;i 111 ~''pc:~ 1:c:n1 
m llJ:-.~ tr.1m ~II pc:r .:<:nt 111 tht: 19~ l-l9i'if> pt:rt••d. 

I ht:''-" n•·:.-.. •rtll\ rc:.-c:nt p.:rf.,rm;111.:c:' n.it,,ith
,1.•11du1.;. die:(, 1ng-run pr• "l''-'Li' 11 •r mtlu,trial grim th rn 
tht: r<:g11•n appt:ar' r;t1ht:r Jun. l>urmg the: 19-o-.. th<: 
rn;1nutadunng ''-'.:t• 1r pr•n ltkd th<: thru,1 \\ 11h annual 
gr••\\lh rate:' 11f 'i_- pc:r .:c:nl anti :' pc:r .:c:nt 111. 
r<:,p<:.:tl\c:h. \1\·_.\ ;111J m;u;ut;1durrng cmpl11~mc:nt 

1,c:c: t.1hk ll.2-l1. But rn the: l9i'i0'. !ht: annual gr11\\th 
;1d11c:\c:J \\J' ••nh II:' pt:r ._·c:nt t .. r \1\ -\ ;ind I ~ pc:r 
.:c:nt 111 manuta.:turmg <:mpl.1~mc:nt. tar hc:J,,,, the: 
p1.pul.t111ir1 gr.l\\th rate: 11t l. ! pc:r .:c:nt. What t:\plarn' 
1h1: d1tfc:rc:n.:c: hc:t\\<:<:n th<: 19-1" .1nJ 19so,·.• 

In the: c:arhc:r J.:c;nk. imp11rt-,uh,11tut111n inJu,tric:' 
thrl\c:J. 'urp•Htc:J h\ 'urgrng .:11!11lll••Jit\ c:xp1•r! 
t."arn1ng,_ chl·:1p L·r,~dir in intt·rn:1t~•'nal f!1•H1t."~ !11:!!"~.t:°t'. 

g<:11c:ri111' ;uJ and c:a'~ ,ale:' in hc:a\ll~ pr.itc:.:tc:J 
Jnmc:,!I.: marl..<:h. lht: \\c:al..nc:" 11t t11c: .. ,.:rt:\\tlri\c:r 
111J1i-t r~ ·· ,1, .:rc:.uc:J t indmling au!11m1 •htk' ;1nJ r;1Ji1, 
11r tc:lc:\ 1,i11n a"c:mhl~ I. h••\\C:\C:r. \\a' C:\P"''-"J ,uJdc:nl~ 
\1h<:n the 19..,9 .:n'" .:amt:. f1•ll11\\C:tl h~ the: 19Xl-19X2 
\11irlJ r1:..:c:"1i1n. ·1 he: pr1>..:t:" ,,f "input ,1rangulall11n·· 
t•>"I.. pla.:c: 1•\\ rng t•> ,h11rtagc:' nl forc:i)''l c:\.:hang<:. 
anJ nnn~ inJu,tric:' h;l\c: n11t \C:' h<:c:n ahlc: !11 rc:.:1n<:r 
111 the: pro, Jc:,c:l .,f 1•utput. lnJc:nl. inJti-tric:' \\rth 
n<:gati\t: grn\qh during the: llJi'ilh arc: man~. anti tht:~ 
induJc: tc:\lllc:,. ""''J an<l .:1>rk. furniwn:. printrng. 
ilthc:r .:ht:m1.:ah. rl.1,ti.:'. gla". 1111n-frrr11u' mc:tal' 
;111d tran,p11rt c:4uipmi:nt be:<: tahk 11.25 f11r n<:gatt\t:
gri rn ! h 111J1i-t rrc:' in manufa.:t uring 11u ! put anti c:m pin~ -
m1:11i ). \11• ,, 1>1 the:'<: 1nJu,tric:' rc:4u1rc: thi: ma,tc:r~ of 
rc:bt i' c:l ~ ;i,h an.:<:J m;1..:hinc:r~. 1t:drn111< >g~ ;md managc:
mc:nt ,i..,11, a' .:11111par<:d "ith 1•thn 1ntlu,tric:,. ·1 he:~ 
al"1 r<:quirc: a \\<:ll-Jc:\c:l.1pc:d mfr;i,tru.:turc: induding 
tran,p11r! nc:!\\11[!..'. : . '.,·.:11111muni-:at111n-.. J11l\\<."r .111J 
\\at<:r 'upplic:'. c:Ju.:a111111al and training ,\,l<'m' anti 
<:ng111c:c:nng 'i:n ice:'. Th<:'c: 1..annc >t he: Jc:\ d1 •rc:J in ;1 
,!J.,rt rc:m•d "t t1111t·. Th<: d1fficuhil'' c:n..:1111111.:r<:d 
tlurrng the: l9XO, Jn not hodc: \\c:ll l11r till' 1991". ·1 h.: 
g<:llgr;1pll\ of the: rc:g111n ;1rp'-';ir' far trom hi:lrful. 

I hl' l;ind-111-:l..<:d c1111ntri<:' '11tlc:: 11111,[ fr11m dell·· 
t:1c:n.:11·, 111 C:\tt:rnal , 11nnc:.:li11n,_ I ht· <'•"h 111 tht·1r 
1mr11rh and l'\p11rh art· ra"nl tn thi: lll,tant:c: 1h.1! ha' 
!11 hl' .;11\<'r<:d fll\C:r an ntfrn 111frri"r r11atl-rad llt.'l· 
\\11rl..1. c11,t11m' 1kla'' and p111t:nt1al tran,p11rt d1'
r11pt111n' a' ;1 re,11lt 111 t:11ntlich h<'!\\l'<."ll t:illllllr ,,.,_ I he: 
rc:g111n ha' a hrgher .,hare· tnnc: quartc:rl 111 landl11..:l..c:d 
.:1111nlrtt'' than all\ 11tlll'r (ontint·nt. :\lthough r.:gr.,nal 
marJ..c:h ma\. 111 !ht· l11llg run. flfll\t' m11rl' 1mp11rtan! 
than "'c:r'<'.I' marl..l'h. 1•\<'f't'a' marl..l'h l11r mdu,trr.il 
p111d11.:h ""uld n·rta111h ha\t· .1 µr11\\1ng 1mp11nann· 
!111 l'i>11ntrll'' 'llt'h a' /a111h1a and /1111hah\1l' 



Figure 11.6. Growth rates of GDP. MYA and manufacturing employment. 1984-1991, and industrial structu::-al change. 
1975-1991: Tropical Africa 
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l.~lt .1uc_. IrORmL'jr~: -~~·m~urMh r~t~ul!.A 
Mt 11n'l(~~111:i.~ ~~!!l'n~ h ~~n...n~-~~ m~ 

Ir~ moa~ m·xa 
Country 

-~ ----- - - -- ------· - - . ptr .:.19it1 
r:.1 £li!llo;-wnt lf"IA Diplor1tnt 11•10 dot l.trsl 
(~!.:t!ltql l~roent,.1 

------------------ ------------

Tropic.11 lfric. 5.66 C.66 0.52 l.2C 

8lllt i n.i F.ISO 2.5C 1.3, 1.71 1-71 
~i U2 5.()6 5.93 5.30 
C-rooe s.;• 2-15 J.10 0.11 
~ >erdt us -1.34 21.15 -5.ll 
Ctt1tral lfri<An lepublic -5.ll -5.6) -5.47 -I.16 
Conqo -J.75 -10.35 0.33 5.50 
Cote d'Ivoire 6.2C 7.25 1.20 -1.63 
Ethiopia J.10 u: 1.69 3.0I 
Gaboa 6.ll 11.0! 1.7] Ul 
c.ubia 11.92 -7.06 J.61 Ul 
QlaM -3.0'I 3.)6 -7 .01 -0.7! 
lM!yil 6.63 '.62 l.O'I 3.21 
la.i.q'5Ur -0.40 -3.JS 2.59 2.12 
lllawi 7 -~~ 7 .62 -0.51 -0.JI 
llali 6.21 10.66 1.50 J.55 
llauritius 1.co 12.07 12.61 10.64 
liqer 7.C! 4.06 1.10 1.91 
liq!ria l! .91 12.17 -5.30 -1.21 
t~ !l.95 -0.64 2.11 2.26 
s-q.I 0.12 5.2C 1.13 2. ~I 
Soulia -0.9! 6.95 -6.0! 2.5! 
Swazilw 10.17 6.21 -1.ll 0.46 
Toqo -5.13 4.60 -1.62 3.JO 
United ltpllblic of 

Tanzania 6. 70 7.57 -c.11 l.27 
Zaire -15.17 -6.37 1.62 -l.49 
!il!lia 1.4) 3.11 I.II 2.67 
1ilballwe 6.39 C.04 c.35 1.17 

S2Ym: UlltOO data base, consolidated Industrial Statistics. 
ti mo-mo. 
Ill 1'10-1990 (estiutes). 
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In Southern Africa. industrial development has 
suffered much from the destruction of transport lines 
and port facilities. The Beira railway. for example. an 
essential connection for both Zambia and Z1mhahwe. 
has been disrupted on se\'eral occasions. 

A deficient internal transport network is an impedi
ment to industrial de\'elopment. Markets cannot be 
properly supplied. and the cost of domestically pro
duced inputs or e1.juipment is raised. The latter is a 
further obstacle to the growth of intersectoral and 
inter-industry linkages. which are weak enough as it 
is. A bad domestic transport network can have a 
disastrous innuence on the pt>rforrnance of large-scale 
plants; the Cellucam pulp mill in Cameroon and the 
CIMAO cement plant in T11go provide illustrations of 
this point. 

Regional markets ;ire likely to become more impor
tant in the future. Their development has been 
hampered. inter alia. hy the fact that -basic transport 
arteries are .iften relics of colonial days. The interior is 
connected to a major port. but the development of 
nation-wide road networks and connections with 
neighbouring countries has heen neglected. This 1s 
changing. however. Examples are the TanZam railway 
and the Pan-African highway project. 

Telecommunications are another area where much 
progress is yet to he made in most African countries. 
Supplying a factory and marketing ih produch are 
hoth crucially dependent on long-distance communi
cations. With regard to the functioning of the plant 
itself. a regular supply of power and water are 
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Pl.nic products 16.77 17.73 -2.)() 
l'lltttly. china 6.30 ).,I 0.77 
Glm 1.56 l.51 -3.19 
lloll-llttll aiae£il! l.64 ).)I 1.76 
lroa iDd stet l 9.17 6.19 0.21 
llDD-femus ll!Uls l.ll 6.!0 -0.97 
ll!W~ 6.17 5.12 0.97 
~lectricil lllCbiAUy 7.22 6.12 0.36 
Uectricil lllCbiAUy 1.16 9.07 l.CO 

Tramiiort •.-at 19.24 7.07 -6.8' 
Professional qoods ll.24 18.54 12.60 
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essential. In many African countries there is no 
guarantee that electric power will be continuously 
a\'ailable. 

The expansion of physical infrastructure is time
consuming and highly capital-intensive. The trans· 
Gabonese railway cost SJ billion for a length of 
657 kilometres. A complicating factor peculiar to 
Africa is the low density and wide dispersal of the 
population. which increases the per capita cost of 
infrastructure works. Given the present constraints on 
national budgets. infrastructure improvement is likely 
to suffer. The hias against expenditure on public 
goods (which may be found in some of the adjustment 
programmes) militates against infrastructure impro\'e
ments as \>·ell. Here. a better weighing of short-term 
balance-of-payments considerations against long-term 
development needs would be called for. 

The educational system is another essential element 
of the institutional infrastructure. The challenge that 
the region faces daunts any strong-willed policy
maker. In 19X5. 54 per cent of the population had no 
formal education. and only 6 per cent completed 
secondary or higher education.• The shortage of 
4ualificd personnel is fe:t hy virtually all industries. 

•--Rr111rn·. 1o1 ln\C\lmrn! h;l\r j(Cncrall\ hccn hij(nrr in cd11(a!1<•n 
th~1n In ph\'1,,11 .t,,Ch f·(onnml\'. raCC\ of fClllrn to rnm.H~ 

rdut:,l!ll•n In dC\cJnpin~ (Ulln!flC\ h,l\C ol\Cfaj(Cd 211 JlCf (COi, 
'"mparrd ,.,rh r'llma!rd rrr11rn' nn ph'·"c1I "''P'ial of 11 prr anr 
I h" '"KK•'" 1h.1r IMk of cd11.:a!1•rn " .1 j(rr.11rr oh,1.idr '" 
ind11,rr1;1l11ar1un and dC\rlupmrnr lhan lat:k of ph\,1t:;1l ·'"er,·· 
q 101. r 1111 



The problem,. of an inaJe4uate i11f1a,.uucturc: .m: ,Jf 
a general nature applicabk to all indu,.tries. But s,ime 
moJern industries in the regit•n sutler also from 
industry-specific prl)blems. adding rn the difficulties ,:f 
industrial re~tnu:tu~ing needed to .. harpen competi
la\ Cnc~~- -~ h:" :l..th...:nt ~x;.J.ntplc.:::, ai~ gi·;en bckt;.\· t;.l 

illustrate the chalknges that policy-makers face. 

Pulp and paper mills ha\ e bc:en established m some 
sub-Saharan countries with large forest res;:ne ... On 
the whole. the record of the industry is not encouraging: 
some of Africa·s major .. white elephants .. are pulp 
mills. The Cellucam plant in Camero'rn is an example. 
There are se\eral reasons for their fai!ure. First. a 
modern mill has a capacity that often fat exceeds the 
demand for paper in the awrage African country with 
its ,.mall populauon. low incomes and low literacy 
len::ls. The mills are \Cry capital-intensi,·e and need 
a wdl-dneloped physical infrastructure. since the 
industry uses great amounts of water and energy. 
~oreowr. the absence ,lf smooth!,:. functioning 
regim1al markets and hea\y international competition 
are not conduci\·c to exports. Finally. much 1lf the 
African forest is umuitable for paper manufacturing 
in the first place. 

With the de\clopment of petroleum refining. a 
number of African cnuntries ha\e ac4uired a good 
basis for the chemical industry. Details are -.carcc:. 
-.ince in many cases the petrochemicals industry is a 
\en recent addition to manufacturing. In small •lil
producing ceuntries such as Gabon. the \"iability of 
the highly capital-intensi\"c industry may he in serious 
dang.:r as a combined result of a world market glut. 
the small si1e of the domestic market and the steep 
drnp in oil earnings needed to pay nff and main1ai11 
the plants. Other chemical industries. such as those 
based on phosphates. do not seem to perform well in 
the smaller economies either. Countries like Togo and 
Zambia ha\C experienced SC\ ere difficulties in this 
field. 

Many African countries now ha\"e their own non
metallic minerals industries. Resource .. arc often readily 
a\"ailable. and for many product\ the domestic market 
(private consumers. the rnnsiructi1;n industry) is 
sufficiently large. Unfortunately. thi., i., not alway., the 
case for the cement industn. the onlv non-metallic 
minerals industry for which dcta;Is arc.a\ailable. The 
main problem again appears Ill be the capital
intensi\"e nature of this type of :nanufacturing. A 
modern cement plant i-. large. complex and co.,tly . .-\ 
-.i1eable domestic market is theref11re essential. hut the 
general decline of many econ11mies has also caused a 
steep reduction in the demand for huilding matcriab. 
In suh-Saharan Africa the domestic product is. morc
o\"er, often more cxpensiH'. 1han imports from the 
Mediterranean area. Th<: wmplexity of the planh 
lie4uently causes hreakdowns. which cannot always 
he remedied locally. as the 1nJ;i,frial support scr\'iccs 
llr the re4uircd manpower arc 1101 availahlc. i\ 
shortage of industry--.pccific skills, for example. ha' 
heen mcntinned as a serious prohlem for the cement 
indus1ry in Senegal. 

Aasic metals. likewi.se, arc rcpre.sented 111 a limited 
numher of countries. L\'en where large raw material 
deposih exist, the high!\ capital-intcn.sive nature of 
these industries and their he;ny dcmancb on infra
structure ottcn make proce,sing non-\'1;;hlc. Basic 

metals such as iron and Cl>pper :ire increasingly facing 
a highly comµetiti\c international emironment and 
substitution b,:. sy nthctic pr,iducb. In Zambia. a 
maj,H copper p~.:J~c.:r. Cl>pper dep,lsits are being 
rapid!~ llcpleted. \\ hich serillusl,:. cxac..-rbate' the 
prnh!e!?1s ~~r th!~ ~!ngh:-rr•\du:..'"t ~nlnnn1~ 

Cnnccptually. the engineering industries ha\c a 
secure s,1urcc of input-. where a basic metal imtu,.tn 
exi~ts. In practice. howen:r. \\idel,:. \arying types ,;f 
metals are needed. and e\·cn Africa ·s larger metal 
prndm:ers ha\·c therd~ire remained partially dependent 
on imports. Import dependence on .,pecial metal 
pwducts is 4uite Ctlmmon where\·er engineering indus
tries exist. but in the case of Africa the present foreign 
exchange s4uee1c makes it \Cry difficult to obtain 
such essential materials. The de,·elopment of the 
engineering industric~ i~ a(.,o hindered b\' the ~erillus 
shortage of skilled labour and engineers. -

Capital-intensi\e. large-scale engineering (as in hca\'y 
machinery and motor vehicles) has only prn\"ed \ iahle 
in a handful of the more de\·doped sub-Saharan 
economics. The prnductinr. of simple metal goods and 
c4uipmc ~t. especially for agriculture. i:; often better 
suited hl the particular situatinn uf man\' countries. 
This is one of the potential grnwth industri.es. 

In order Ill help sol\e these problems. CS I 00 has 
bc:cn carrying out \"arious studies to disc·mer new 
strategies for industrial rc\i\31 in the region. These 
acti\'ities ha\c led to the follnwir.g recommendations 
which rctlc:ct a rather br,iad-based challenge and the 
complexity of the issue.• The key clements in summary 
form are as lollnw,; 

(11) Re-assessment of industrial de\clopment priori
ties in light of th~ medium-term o\'erall outlook (this 
may entail clnsJrc of plants): 

fh) lmpnl\ing industry-le\'el data collection. in 
order to pro\'ide a more '<llid basis for such as-.ess
ment: 

(CJ Special inccnli\es for industries tn strengthen 
domestic linkages (current regulation., often f~\ our 
im1mrt-dependent industries): 

fii) Identification 11f new ways nf -.uppl\ing import
dependcnt industries with essential inpub and spare 
parts: 

fr) ~fore attention to the dc\'elopment of mcdium
and small-scale indw.try: in other \\ ords. a policy ~hift 
away from largc-,cale. capital-intensi\c ma nu fact uring: 

fli Infrastructural impro\cment. including in,titu
tional infra,tructure: 

(gJ Better rncational and high-lc\cl ltc.:hnit:al. 
managerial) trainmg within the context of o\crall 
educational irnpro\"cmem': 

(h) St111111la1ion of agriculture and mc,hmg of 
ind11,trial and agricultural projcch where po">ihle: 

ft) ( ireatcr price tlnihility or ;1holition of price 
rq(ulation': 

•f ,1r (1111r~1r~ .. pr<.lflL rt•r.•n1mnul.1111•n'. 'l°l' "f<q.?rorr.11111)! 
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A small island in the Indian Ocean. 
Mauritius. despite its limited popula
tion and area. finds itself today a 
subject of consideration by all those 
who are interested in derelopment 
problems. Not because the country 
is a source of concern; on the 
contrary. the dramatic take-off of the 
is1and. which in 1968. the date of its 
accession to independence. faced 
numerous handicaps. is a subject of 
satisfaction. 

For more than two centuries. the 
island of Mauritius knew only a 
monocultural economy based on 
sugar-cane. the industrial sector 
being. until quite recently, virtually 
non-existent. Sllll. it is from industry 
that the economic success of the 
country has come. a success that 
can be gauged by numerous indica
tors. such as the growth rate 
(averaging 6.7 per cent a year from 
1980 to 1988). or the unemployment 
figure. which stands at around 5 per 
cent. This achievement is the result 
of an economic policy that is both 
realistic and bo!d. and that is based 
on a mixed economy. Above all. 
however. it rests on a process of 
rapid industrialization whose driving 
forces are not only the textiles 
industry and the Mauritian free zone. 

Reasons tor success 

The free zone 

The free zone consists of 573 enter
prises employing 20 per cent of 
Mauritian labour and generating 
60 per cent of the gross export 
revenue of the country The reasons 
for the success of the free zon3 are 
to be found in the incentives and 
advantages granted to industrialists 
interested in doing business in 
Mauritius. The following are the 
rules of the free zone: 

(a) Total exemption from the 
payment of custom duties and 
import taxes on capital goods. spare 
parts and raw materials; 

(b) A corporation tax of 15 per 
cer for exporting enterprises (as 
opposed to 35 per cent for others); 

(c) Total exemption from the tax 
on dividends during the first 10 years 
of the existence of an enterprise: 

(d) Free repatriation of capital 
and dividends by foreign investors; 

(e) Enjoymen: of preferential 
electricity rates; 

(f) Availability of bank term loans 
and working capitai and preferential 
interest rates; 

(gJ The possibility of financing 
through an export credit scheme 
and the opportunity to subscribe to 
an export insurance plan managed 
by the Bank of Mauritius; 

(h) Accelerated depreciation and 
tax deductions for export-oriented 
enterprises; 

(iJ Possibility of leasing or 
buying industrial buildings; 

( iJ A 50 per cent remission. 
following submission of plans. on 
the costs of registering land and 
premises acquired by the enterprise; 

(k) Granting of residence and 
working permits to investors and 
shareholders. depending on the size 
of the projects: 

(I) Labour legislation tailored to 
the needs of exporting enterprises; 

(m) Formal guarantee that no 
enterprise will be nationalized. 

Moreo11er. through its accession 
to the Convention on the Settlement 
of Investment Disputes between 
States and Nationals of Other States. 
the Government has undertaken that 
the disposition of such disputes will 
be in accordance with the provisions 
of that instrument. 

Other measures have also played 
a significant role 1n the development 
of the free zone. For example. the 
decision of the Government of 
Mauritius to peg the Mauritius rupee 
(Mau Rs) to a foreign-currency 
basket representative of the country's 
external lrade is regarded very 
favourably by investors. In add1t1on. 
industrialists operating in the free 
zone are able to manage foreign 
currency portfolios. which is not true 
of the other exporters. Mention 
might also be made of the oppor
tunity available to entre;:>reneurs 
who have recorded losses over a 
financial period to obtain. under 
certain conditions. a deferral of 
payment against future profits. 

Mauritius-an industrial 

Numerous incentives to the setting
up of industry in the zone have been 
established. The Mauritius Export 
Development and Investment Autho
rity owns an industrial parl covering 
an area of 80.000 square metres. 
which it makes available .J industrial 
operators at an advantageous price. 
If entrepreneurs prefer to own their 
premises. and if the area in question 
exceeds 1.000 square metres. they 
are eligible for a 20 per cent 
remission on their corporation tax. 
bringing it down to 15 per cent 
instead of 35 per cent. 

The performance of the fret. zone 
has made possible the take-off of 
Mauritian exports of manufactured 
products. the value of which rose 
from Mau Rs 1.2 billion in 1981 to 
Mau Rs 8.2 billion in 1988. So strong 
has been this activity that. since 
1985. the gross revenue from the 
free zone has surpassed the income 
obtained from sugar-cane. This is a 
very positive sign. even though the 
sugar operations continue to gene
rate the largest amount of foreign 
exrh::i~ge for the Mauritian eco
nomy. 

Furthermore. the added value of 
the free-zone products has increased 
substantially, rising from 23 per cent 
in 1984 to 28 per cent in 1988. 
equivalent in monetary terms to Mau 
Rs 1.9 billion. 

Since the island of Mauritius is 
linked to the EEC under the Lome 
Convention accords. it follows that 
the country's exports are primarily 
(70 per cent) intended for the EEC 
countries. Within the EEC. France 
remains the principal customer. with 
34 per cent in 1988. followed by the 
Federal Repllblic of Germany and 
the United Kingdom. which together 
absorb 25 per cent of free zone 
exports. Finally. the United States is 
also an important client. accounting 
for 24 per cent of the total produc
tion of the zone. However. while the 
free access of Mauritian products to 
North American and European mar
kets may have represented a major 
triumph, in future this narrowly 
focused targeting of exports could 
become a handicap for the Mauritian 
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economy. since any recession in 
developed countries would have 
serious repercussions on the eco
nomic life of the island. For this 
reason. Mauritius has decided to 
pursue the diversification of its 
markets. even though. for the time 
being. the commerc1a1 promotion 
efforts undertaken by the Mauritius 
Export Development and Investment 
Authority in new markets. speci
fically the Indian Ocean market. 
have yet to bear fruit. In any case. 
the unanimous view in Mauritius on 
this point is clear-diversification is 
seen as the linchpin of the country's 
industrial future. 

The texiiles industry 

The good results recorded by the 
Mauritian economy are to be cre
dited to the growth of the textile 
industry. which alone accounts for 
80 per cent of the export revenue of 
the free zone. Mauritius is the 
world's third-largest producer of 
knitted goods. exporting more than 
10 million units a year. The largest 
knitwear producers are the Afasia 
group (4 million units a year). 
Crystal (4 million). Summit (2.5 mil
lion). Poul Lee Textile (1.2 million). 
Bonair Knitwear and Tara Knitwear 
(about 1 million). In addition to these 
high-technology enterprises. other 
factories can be found specializing 
in hand-made articles. which offer 
the advantage of a high value added. 

The island is also one of the world 
leaders in the manufacture of pure 
wool articles. for which the largeet 
producer is Florea! Knitwear. which 
has a capacity of 5 million units a 
year. Of the approximately 50 enter
prises operating in thie industry. 
40 are authorized to use the Wool
mark label. which is a sign of quality. 

However. despite the successes 
achieved in this area. Mauritius is 
aware of the danger implicit in over
specialization in a 3ingle field. 
Accordingly. the Government has 
der,ided to grant no further a•Jthori
zations to enterprises intending to 
operate exclusively in this industry. 

On the other hand. 1t is prepared to 
assist enterprises engaged in three 
selected areas of activity. namely 
morocco-leather goods. jewellery 
and electronics. So far as this last 
industry is concerned. there are a 
number of probler.is with regard to 
markets. since a recent W"rld Bank 
study on the Mauritian economy. 
entitled Mana1mg Success. con
cluded that ti1e quality of the island's 
electronic products would not be in 
conformity with EEC standards. 

Labour 

As a result of its economic 
expansion. at the beginning of the 
19B<ls Mau~itius faced certain pro
blems in the balancing of supply and 
demand in the job market. This 
work-force crisis was characterized 
by a feminization of labour in the 
free zone (in 1983. men accounted 
for only one sixth of the persons 
employed there) because the law 
required wages for men to be 55 per 
cent higher than those offered to 
women. In 1984. the Government 
adopted a decision to liberalize 
wages. which are now set on the 
basis of negotiations between em
ployers and employees. From 1983 
to 1988. the number of men employed 
in the free zone ro:;e from 4,000 to 
31.500. 

Environmental protection 

Another consequence of the Mau
ritian industrial take-off, and speci
fically of the expansion of activities 
in t~e textiles industry. is the 
problem of environmental protec
tion, which has become particularly 
acute. The building of dye-works in 
many locations vn the island has 
resulted in pollution and led to the 
tear that ground water sources, 
which supply 60 per cent of the 
water used on the island, would also 
be ul!imately affected. This fear is all 
the more justified in view of the fact 
that the plants do not have the 
necessary facilities for the treatment 
of process water. 

In addition. industrial activities 
have been developed en land for
merly set aside for agriculture. thus 
posing a problem in terms of 
preserving the ecological balance of 
the island. 

Aware of these dangers. the 
Government has called on the 
technical :ind financial assistance of 
the World Bank. The latter has 
prepared a report. entitled Economic 
Development and Environmental 
Management-Strategies for the Is
land of Mauritius. wt:ich has pro
vided a basis for dis1 ussions between 
the United Nations Development 
Programme and the World Bank 
during a meeting of bankers held in 
Paris in February 1989. This docu
ment proposes a strategy consisting 
of three elements: 

(a) The introduction of a land 
policy designed to address u.e 
development needs of the countrv 
while safeguarding its ecological 
future; 

(b) The reform of laws and 
institutions in the area of natural 
resource management; 

(CJ The creation of a data bank 
which. in addition to ensuring the 
viability of industrial projects. would 
also incorporate the proper respon
ses to ecological concerns. 

The Government of Mauritius has 
itself also taken •JP the challenge. 
Over the short term, it intends to 
enact extremely stringent req11ire
ments regulating dye-work opera
tions. Over the merlium term. its 
intention is to carry out a project for 
the establishment of a park reserved 
essentially for these facilities. This 
park will •a equipped with the 
necessary infrastructure for the treat
ment of process water. including a 
strict monitoring of the colouring 
agents used. 

-Thus. after having demonstrated 
that rapid development is possible, it 
remains for Mauritius to show that 
this development can be harmonious 
and unharmful. The latest decisions 
adopted by the Government appear 
to be moving in this direction. 

Source tndusrry A/flea. N'l 2. Occember 
1989. pp 18-19 
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fi) Simplified administrati\'e procedures. including 
price controls; 

·fkJ Decentrali1ation of economic decisi•.m-making 
within public sector industries: 

(/) Encouragement of private entreprer :urship 
and industries; 

(m) lm·oh-ement of pri\'ate sector representati\·es 
in the policy-making process: 

(n) Reduction of regional trade barriers. 

Another approach. not mentioned in the abo\'e list. 
is the use of foreign direct im·estmenl and joint 
\'entures. Fortunately. there is a growing recognition 
that foreign direct in\'estment could bring quickly 
crucial factors that the region lacks-modern tech
nology. capital and even management and marketing 
skills. An increasing number of sub-Saharan coun
tries. such as Nigeria and Zimbabwe. are liberalizing 
their rules to attract foreign direct investment and 
e\·en creating free trade zones. Sea iuu:o. efforts in this 
area ha\'e barely begun. and Mauritius can be said to 
provide the first successful case (sec box, pp.68-69). 

The region has recei\'ed an increasing amount of 
foreign direct im·estments. but those in manufacturing 
appear rather meagre. For instance. United States 
im·estment stock in 1987 amounted to $2.4 billion. up 
from $1.9 billion in 1986. Less than 10 per cent of this 
amount was in\'ested in manufacturing and more than 
three quarters in petroleum. Japan's foreign direct 
in\'estment -;tock in the region reached $4.6 billion in 
fiscal 1988. but the manufacturing sector shared less 
than 5 per cent. Private investors ob,·iously pursue 
profitability. and the region may not be attractive 
when compared with other regions. But attractiveness 
can also be enhanced by policy measures properly 
designed and implemented as the case of Mauritius 
demonstrates. 

Whether foreign direct im·estment is used as an 
instrument for industrial growth or not. the ultimate 
concern for enterprises and policy-makers is to enhance 
competitiveness. The proven way to do so is to expme 
enterrrises to competition from ab mad or domesticallv. 
In this regard, recent movements toward region~( 
market integration by lowering tariffs and non-tariff 
barriers appear encouraging. For in~tance. the Pre
ferential Trade Area is seriously considering formation 
of an economic community. The member countries 
have even a~reed to set up their own currency for all 
transactions within the Area.• Such a movement 
could also provide an effective way to respond to the 
challen~es coming from EEC 19<;2 and the opening up 
of the Eastern European countries. 

Enhancing industrial cor.1petitiveness also requires 
the development of African technological capability. 
It is high time to think about an "African version" of 
ESPRIT !information rechnology), RACE (telecom
munications). BRITE (new industrial technology). 
EIJRAM {materials technology) etc 

··1 hr Prrfrrrn11al I radr 1\rra """"'" nf R11rund1. C'nmorm. 
l>11hnut1. l-1h1 .. p1a. Krn~a. I c'111h.1. Mala101. ~a11ri1111,. M111am
h1q11r. R,.anda. Sor.1aha. s,.a11land. I :11;inda. I 'nurd Rrpuhh< of 
I an1ama. Z•mh1• and Z1mhah10r 
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G. North Africa and Western Asia* 

The expected rise of oil ,'rices and re\·enues in the 
1990s offers a bright prospect for returning the region 
to an industrial high-growth path. Added to this 
prime factor are the gradual increases in pri\'ate sector 
participation. gradual liberalization in trade and 
foreign investment. and ever-increasing opportunities 
for import su'>stitution and oil-based downstream 
industry development. 

In the immediate future ( 199<)). GDP and MVA 
growth for North Africa are projecteu to be. resµec
ti,·ely. 3.8 per cent and 5.1 per cent. an imprm·ement 
from 2.3 per cent and 3.6 per cent in 1989. respec
ti\·ely. For Western Asia. the 1990 projection shows 
2.9 per cent GDP growth and .i.9 per cent MVA 
growth. again an improvement from O.l! per cent and 
2.8 per cent. respectively. The year 1991 is expected to 
bring e\·en higher growth than in 1990 (see figure 11.7 
for GDP and MVA growth in recent \·ears. and also 
for the pattern of structural change in i~dum!·). 

The prime reason for the optimism stems from a 
rather rosy picture of expected oil revenues. In 1989. 
OPEC oil revenues grew by 40 per cent owing to 
increasing demand. resulting in a price hike from an 
average of S 14toS16 per barrel. A foreca~t shows that 
oil revenues will rise from S 107.4 billion in I 989 to 
$126.8 billion for OPEC in 1990. and from $74 billion 
in 1989 to $87.8 billion in 1990 for Gulf Co-operation 
Counci'. (GCC) countries {see table 11.26 for a 
breakdown by country). World demand for and the 
price of crude oil are expected to rise continuously up 
to the year 2000 (see table 11.27 for annual forecasts 
for the coming decade). The EEC 1992 projects 
coupled with the developments in Eastern Europe add 
cogency to the forecasts. Rising oil re\·enues will 
un~oubtedly fuel the industrialization process in the 
region. 

Looking at MV A growth performance during the 
1970s, virtually all countries did quite well (sec 
table 11.21!). Double-digit growth occurred for Cyprus. 
Islamic Republic of Iran. Jordan. Kuwait. l.ibvan 
Arab Jamahiriya and Tunisia. albeit starting fro~ a 
small base except for the Islamic Republic of Iran. In 
the 1980s. the world recession of 19Xl-19X2 wniught 
harnc in Laun America and Tropical Africa: but 
North Africa and Weslern Asia suffered relative!\ 
smaller ~amage from the recession, perhaps brcaus~ 
of the petrodollar reserves spenl continuous!\· on 
industrialization programmes and also because ,;f the 
war-related spending hy the Islamic Republic of Iran 
and Iraq. 

for the 1990s the region stands mos1 likely to gain 
from rising oil revenues and abo from rc .... m-.truction 
spending by the Islamic Republic of I-ran and ha4. 
F1Jrt'1ermore. the oil producers and non-oil producer~ 
in the region hav-: evolved to become complcmcntar~ 
ralher than competitive. Non-oil producing countries 
such as Egypt. Tunisia and Turke\· have started 
~upplying light manufacturing goods to the oil
producing countrie~. Mediterranean co-operation ~ecm-. 
to ha\·e come of age. provided the 4uality of light 
manufac1ured good~ is upgraded. 

•I he a"c"mrn1 "'I hr rr1111111 ,.,,, ma.le hcfnrc Che rnrrcn1 ( 11111 
<ml'. 10hich hr1111~h1 101.1l 11n"r1;11n1' 



Figure 11.7. Growth rates of GDP, MVA •nd ..... nut.cturing employment, 1984-1991, and lnduslrNll structural change, 
1975-1991: North Africa •nd Western Asia 

Growth rates of GDP and MVA 
Pwcamge 

6 

2 

0 +-----------

-2 

1984 1985 1986 1987 1988 1989 1990 1991 

GDP 

lllVA 

f ,, .,.... 

Growth rates of manufacturing employment 
P.caLyi 
ll 

6 

2 

-2 

-4 -'----.----~--~-----
1984 1985 C36 1987 1988 1!189 1990 1991 

Industrial structural change 
(Index of value added: 1975 = 100) 

381 
19 = 5.331 

372 

/382/383 
8 = 10.27 

371~ Key: 

ISIC code (industries): 

36, , I/ /'~384 
......._ ""'' I ~-

31 (Food products) 

321, 322 (Textiles) 

~,-
323, 324 (Leather) 

356-
31 33 (Wood and furniture) 

I 
34 (Paper and printing) 432 

~ / \~"' 
351. 352 (Chemicals) 

353,354 (Petroleum and coal) 

,/ " 
355 (Rubber products) 

321+322 356 (Plastic products} // \ ~ 355 
36 (Non-metal mineral products) 

\ 323+324 / 
353+354 

351+352 33 
.34 

Constant prices of 1980 

g .. Average annual growth rate. 1975-1991 (percentage) 

8" Index of structural change, 1975-1991 

.<;o,,rc1u IJ'liDO <la!a has" ~\hmilll!~ ;ind lorer.asts by UNIDO/PP01IPP,GLO 

371 
372 
381 
382 
383 
384 

(Iron and steel) 
(Non-fer~ous merc>!s) 
(Mete.I products) 
(Non-electrical machinery) 
(Electrical machinery) 
(Transport equipment) 

1985-1991 forecast 

1980-1985 
1975-1980 

71 



OOt.ll,~~.Sil.m~ qf_llf'K.~~lltt_ill'i..L~ 
1 Billions of dollars! 

Coct!"; or 
ifN 

Siudi Aribia 
lru t lsla.ic ~lie of 1 

Ir1q 
limit 
l1lli ted lrib !11.intes 
Qlur 
lleutrll l.lllt 

li!Sten Asia Ol'£C 

Ver:rtl11t.la 
liqeria 
I.i.sia 
Libyan Arab Jaaltiriya 
llqeria 
Caban 
E'.alldor 

~OPfl: 

turAL 

n.= 
12.0 
15.4 
1.7 

10.l 
2.2 
2-2 

74.0 

7.6 
9-l 
u 
6.l 
3.4 
1-2 
1.1 

ll.4 

107.4 

1'90 
1esti111ted1 

21.5 
!U 
17 _: 
!LI 
12.l 
2.4 
i.~ 

17.1 

'-' 
11-0 
l.9 
7.7 

l.' 
1.6 
l.l 

39.0 

uu 

li!ml: MrolN! Iattlljgaq !!eekly, as 9IOtfd ia "lft:'s oil mml!5 

iaaused by 40 per ant last year•, !lortltSo!!tl! IN Scr!iae, 13 Mir1my 
1'90. 

hl!le l!.27. cn:: mle ojl 4m!d ll!d mnoz 
ojl arjoes. 1990-2000 

Ita l'l'JO 1991 1992 1993 1'1'14 19'15 2000 

Dellllld (lillioa bimls/day) 21.7 22.3 23.3 24.3 ~.2 26.5 ll.l 

Oil price (dollars per biml) 
biul 17.5 11.9 20.4 22.5 24.7 21.4 50.5 
INl (19" prices) 16.7 17.2 17-7 U.6 19.5 21.4 :;o_o 

~: liddle East !a!Qolic Digest, •ol.34, lo.5 19 febnary 1'90), p.5. 

The oil producers of the region have developed 
strong comparative advantage in oil-based down
stream industries such as petrochemical products 
(methanol. ethylene. naphtha. polyprop: lene etc.) and 
fertilizers (ammonia. urea etc.). in addition to enl.'rgy
using industries such a' iron and steel. aluminiun1 and 
cemert. These producls can offer feedslock advantages 
to further downstream industries (me1al produc1s. 
aluminium products. plastic producls etc.). These 
products meet no1 only regional demand. but also 
demand from Western Europe (the major market). 
J:tpan and South-East Asia. But recent performances 
are mixed: for instance. peirochcmicah. fertili1ers and 
aluminium did v.ell. while cement and iron and steel 
suffered from O\er-capaci1y and 'e\ere ghhal compe
tition. 

Pe:rochemical' and lert11i1ers continued to he 1he 
gro"'lh leader during 19K9. owing to se\eral factor': 
namely. hetter management. increa,ed glohal demand 
for petrochemical' and higher in1ernational prii:e'. 
f!owe\er. pc1roi:hemical plants arc facing markering 
<tifficultie' 1 n 1 he J: H · c1111nt ri''· lligh t ran,port '°'('. 
and the l.l per ccnl cu,tom' dutle' :mp1"ed h: H:C 
countrie' render ( i('(' petrochemical' non-com pell-
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ti\·e. '.\1arketing problems are expected to continue 
with the emergence of the si,gle European market in 
1992. '.':evertheless. GCC petrochemicals companies. 
and more particularly the Saudi Basic Industries 
Corporation (SABIC). intend to enter the European 
market through the establishment of joint \entures. 
Joint ventures with foreign partners in downstream 
industries that hne buy-back arrangements would 
further promote the marketabilit~ of primary petro
chemicals. 

In Saudi Arabia. SABIC. which controls major 
petrochemicab and fertilizer complexes in the King
dom. has achie\·ed good economic results. The pro
duction of petrochemicals. fertili1ers and iron and 
strel amounted to I0.95 million tonne' in 19XX. 
representing a IJ per cent increase in ou1put 1wer the 
preceding two years. SARIC re\enues increased from 
$2.14 billion in 19K7 to SJ. 75 billion in 19!\X. while net 
profits reached ::"49 million in I 9KX. up fr11m only 
S2KK million in 19X7. Sales and profits were expected 
to ir.creasc in 19X9. sinct" in the liN half of l9X9 
SARIC profits increased h: 20.5 per cem o\er the 
crlrresponding period of 19KK. 

The production of compound fertili1ers would 
enahlc Saudi Arahia to meet the rquirements of an 
expanding agricultural sector. and to export the 
surplus i\t regional and international market\. SARIC. 
which already produces 930.0IHI tonne' per ~car of 
urea. plans to rxpand the plam into compound 
fcrtili1er produc11on in !he earl~ 1991h. O~ the other 
hand, the ~ational C'hcrmcal l-crtili1er ('11mpan:. an 
affiliate of SARIC. v.hich produce' 500,000 tonne' per 
year of ammonia. i' in,talling nev. uni!~ 10 produce 
K 10.(1110 lonnes per year of compound fcrtili1crs. 
500,000 lonnc' per year ol granular urea and 111.CKIO 
lonnc' per year of 1141111! ammonia. 



The aluminium industry in the region Cllntinued •. 1 
19119 to build ,m its prnious successes . .-\II capacities 
wen: full~• utili1ed and prnducti,in. e'.\ports and intra
regi,mal sales rose to rec<lrd le\ds. In Bahrain and the 
lfnited Arab E:nirates. which are the tWll most 
important centres of the aluminium industry in the 
region. downstream industries als,1 further di\ersified 
and increased their output. (_,,\\ international llil and 
gas prices. in addition hi increased demand. han: alsll 
strengthened the competitive position of :\rab alumi
nium exporters in w.irld markets. The regi'm is 
witnessing the expansi,m of e'.\isting capacities and the 
establishment of additi,mal ones. owing tll increasing 
world demand and existing shortages in supplies of 
the metal. following the significant dedine in prnduc
ti,m capacities in Europe. the United States and 
Japan. 

The remO\·al of tariffs betw~-en GCC member States 
an:J recertt infrastructural impro\emc.>nts including the 
causewa~ link to Saudi Arabia. ha\e also greatly 
helped to strengthen the competiti\e po-;ition oi 
Bahrai11-based aluminium process industries. Most of 
the share of Saudi Arabia and Bahrain in production 
( 77.9 per cent). corresponding to about l.J0.000 tonnes 
per year. is now sold in the GCC market to 
downstream industries. Thus. sales of aluminium 
metal to GCC count1 res induding Bahrain increased 
from 40.000 tonnes in 1911.J to 1211.000 tonnes in 19!\9. 
with Bahrain alone absorbing 75 per cent of total sales 
to GCC countries. D,rnnstream industries expanded 
in Bahrain. The Bahrain Aluminium Extrusion Com
pany increased its production frllm 5.925 tonnes in 
19117 hi 7.()l}IJ tonnes in 19XX. The sales of power-line 
cables. alur.inium powders. nids for Joor and window 
frames and other products have all incrc:ased by 
between l(l and 30 per cent per annum during the past 
three years. The company was expected to expand its 
de .. igned capacity from 6.000 tonnes per year to 
l.J.000 tonnes per year by 19X9. 

For thc ccment industry 19XX and 19X9 ha\e bccn 
particularly difficult years of structural and cyclical 
adjustment. In those twll years new plants ha\c begun 
operations in Egypt. Jordan. Kuwait. Saudi Arabia. 
the l!nited .-\rah Emirates and Yemen. In l9XX. 
aggregate productilln capacity is estimated to ha\e 
reached almost 50 million tonnes. hut actual produc
tion and comumption in the region has only re;;ched 
some X5 per cent of that figure. The cement industr~ 
in the region therefore faced the sudden problem of 
mer-1;apacity. which was e\en aggra\atcd by an 
extended period of e1;lln1>n1ic rcce,sinn. 

(jo\ernments and indu,!rialish h<s\C belated!~ 
reali1ed that in\'cstmcnt decisions had not been co
ordinated. and had been hased on o\erly optimistic 
projection' of continuou,ly hooming demand. While 
new cement planh were still under construction. 
demand declined ;•s a re,ult of the continuing 'lump in 
011 prices. Total consumption in the ( iCC wuntries 
14as 20.1 million tonnes in ! 9X6, but fell to ll'i.5 million 
tonnes in l9X7. The late'I projections fiire,ce a furcher 
dcclir.e. and aggregate suhregional demand m;iy nol 
exceed 1 ll million lonncs in I 990. Thi' d1•\el.,pmcn1 
crcalcd \cry inten'c competiliPn hel" ecn pre\ io11,1~ 
cslahlisned importer,, regional ccmcn! produc-:r' and 
newly c .. cahlished plants. 

Arab inin and steel producers had Clmsiderable 
problems c:stablishing themsekes in their markets. 
b:::ing faced with hea\y international competition 
resulting frnm th.: e\istence of excess capacity in the 
\nirld prnducti,m llf steel. In the GCC subrc:gion. 
cheap products tlo,ld the markets. and thi~ has caused 
financial difficulties for newly establishcd plants. 
\tor.·o\er. competition amllng regional producers has 
aggrnated the situatil>n still further. Qatar. with the 
·:~art of Saudi Arabian productilm at Hadeed. has lllst 
most of the potential Saudi Arabian market. llowe\·er. 
while there is a shortfall in iron and steel production 
to meet consumption needs in the GCC markct. the 
industry suffers from under-use of capacity. Another 
majnr problem is that production is currently focused 
on products. namely bars and rods. that are largely 
oriented to the needs of the construction industry. FM 
s•irr.e of the relatively new plants. both technical and 
marketing difficulties caused hea\·y losses during the 
first few years of operation. In 191\Q the industry made 
reasonable prngress. Pr,lduction and marketing has 
been consolidated. Most plants impron:d their\ iability 
and further capacity expansions are currently under 
consideration. The common c'mcern for the de,·cl
llpment ,if the iron and stcc:i industry brought Arab 
Go\·crnments closer together in their efforts forther to 
impro\e regional indu.;trial co-operation and intra
regional trade. 

Despite short-run adjustment difficulties 111 produc
tion of steel as well as cement. hea\·y industry in 
general can be expected to fare well in the long run. 
The major reason is that the region has the advantage 
of cheap energy. the demand for which is projected to 
rise during the coming decade as in the 1970s. Thus. 
during the 1970s and e\en in the t9XOs these industries 
have played the role of growth leaders in the region 
(sec tables 11.29 and 11.30 for ind!.stry details). It 
should be noted that not only the downstream 
industries mentioned already but also the capital 
goo&. indust. ies thri\ed: for example. electrical and 
nlln-clcctrical machinery and pnifrs.,ional goods. A 
part of the growth appears tll rdlect machines and 
~:4uipmcnt produced in the region to ser\ice oil
rclated industries-a form of import substitution 
through ··upstream linkages··. Another part of the 
growth may reflect import suhstitution in consumer 
durables such a' automnbilc pa1 ts. a;r-conditioning 
units and washing machines. 

Such import-suhstituting manufo.:iuring has been 
rccci• ing c11cm1ragcment through poli.:y packages 
at1r;1cti\c to pri\atc ime,tors (u•1me,•ic or foreign1.• 
The .lehcl :\h Free Z<1nc in l>uh;1i pro\ ides an 
e\ample of go\ernment efforts to lure foreign in\estors. 
The Zllne :-icrmih 100 per cent f<1re:gn ow ner.,hip. 
eliminates pcr.,onal income ta\ ;,nd curr<"nl·y restric
tion'. ;;nd ~ranh repatriation of capital and profih as 
well as to:x holidays on co•poratc income for the initial 
15 \car ... The Z1inc also provide' firsc-class infra
'tructurc. with cheap energy. "ater ;rnd low-priced 
feedo;tock from pctrochemicah and natural gas ao; "ell 
"' low-co't 1;api1al funding. ('on,idcrmg the regional 
market. "ith high per-capita in;.;11me and con .. umpllon. 

•')n ,t\('r.1,z:r .• th1111f f,O J'IC'I \.'Cflf nl :h(' md11,lr1.tl 1m.11nh 11!1 

rt.·l.11t"d1,ri.:r••r m 1hr rf'ti?11in 1, ''"n,.1l ,1fld run J,, lht' <•••\crnnwnr 
\'1r111.1lh .ell < 111\rfrHnl"'11h .tfl' r~pnrlC'tlh r.1~r:r ,,, rcllrn.:c 1hc h1J'h 
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the Zone seems to contain ample growth potential for 
the coming decade. But whether these: efforts to im·ite 
foreign direct investment into the region will in fact 
re\·erse the negligible qr declining acti\·ity in recent 
years is a moot ~uestion (see table 11.31 ). 
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Behind the generally rosy picture lurks a .:ontrast 
between oil and non-oil producers. Among the coi.n
trics belonging to the later group are the hcnily 
indebted ones with total debt greater than their gross 
national products: namely. Egypt. Jordan. Morocco. 
Sudan and Yemen. They ha\·e more urgent needs than 
others to develop industries capable of exporting. and 
yet market conditions and factor endowments arc 
unfavourable for them to do so. International (induding 
inter-Arab) co-operation is desperately needed. 

H.. Indian Subcontinent 

The change of Government in India in December 
1989 appears to hnc been an event of the highest 
importance for industrial growth in the region.• There 
is some uncertainty regarding the extent to which the 
new Government might chan~c the liberalization pro
cess set in motion by the previous rcgi'.".te. The current 
debate in India concerns whether the traditional policy 
stances based on Ihe principles of egalitarianism and 
self-reliance should be re-emphasized. For the past few 
years. the rising demand by the burgeoning middle-class 
urban population boosted industrial growth. But higher 
growth of consumer durables (automobiles. colour 
tcle\·ision sets. washing machines etc.) is \·iewcd as 
lilcely to produce impMt dependence. and as skewed 
in farnur of the richer sections of society. Further. the 
consumer-durable-goods industry. being dependent on 
imported inputs, is held partly responsible for the 
recent balance-of-payments difficulties. A re-cxamina· 
tion of policy is now in process. and mixed signals can 
be expected. 

Meanwhile. other countries of the region have 
proceeded with their own policy steps 10 deregulate 
industry and 10 liberali7.e 1rade restrictions. For 
example. the Govr.rnmcnt of Sri Lanka. the leading 
proponent of free trade in the region. changed its 
policy stance from "regulating" to "facilitating ... 
and from an .. import-substituting·· I<• an "exp<•rt· 

•fnd1a produce• ""' three quarter• uf m.mufacturt·• in the 
rcg1.>n 



promoting·· type. :\ fi\'c-year tax h<>liJay has been 
intrnJm.--ed for pi.mcering industries. Pakistan has als,1 
lately introduced a new policy ~ackag.: ll' stimulate 
pri\·ate in\'estmcnt-kd gnn\lh .. ·\large number of ruks 
restricting industrial acti\ ities ha\'e been abolished. 
For example. enterprises no longer need lo obtain 
appnwal for output expansion and m,>Jerni1a1ion I up 
lo an as yet unspecified in\eslmcnt ceiling!. for using 
50 per cenl or more impMled ra\\ materials. ,ir for 
forming joint \en lures "ith up 10 .i9 per cent foreign 
equity. As in other regi.ms. these steps lo open up the 
region to the \\'lrld ec,momy arc expected Ill bring 
ne\\ opportunities for trade and 1mes1ment. 

In re\·ie\\ing the l<ing-1-::rm \1\'.-\ grn\\ th performance 
,>f the region. substantial impnl\·emenl in the 19Xlls 
o\er the 1970s can be obserwd (see l<..:iles 11.32 and 
11.33). !\t\'.-\ in the region grew by an annual a\erage 
rate of 6.2 per cent in the 191\0s. up from 3 . .i per cent 
in the 1970s. despite a \\orld recession in the early 
19M0s. fluctuations in exchange rates. interest rates 
and commodity prices. and se··eral stod. market 
disturbances. As a result of the region being relati\·ely 
insulated from \\orld business cycle'. the impact of 
exti:mal shocks \\as minimal. and Go\'ernmelit~ could 
pursue an independent course of industrial de\·d
opment. in contrast hl the experiences of Latin 
American and e\·en South-East Asia. 
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The manufacturing 'eclor achieved a \\eak employ
ment gro\\th in l~e 19>ills (11.4 per cent per yean 
compared with !\IV:\ growth (6.2 per cent per yearl. 
In pail. thi' resulted from an empha,is on capital
intensi\e. modern indu,trie' 'uch as indi;strial chemi
cals. petroleum refining. plaMic product<.. non-elec
trical macl1incr~ and transport e4uipmen1. and abo 
from the negati\e employment gro>1.th in the lcxtiks 
industr~. Whether the long-run gro\\th path should he 
a lahour-imcnsi..-e one under a more open polic~ 

regime remain\ moot. 
In 1hc sho. l run. 111c regional M\'A ;, cxpcr!cd to 

gro" tw 4.-$ per ecol in 1990 and 4.9 per c:-:nt in 
1991...:..h.:10>1. 1hc average for the pa'I decade: "cc 
fi~urc 11.K for <iDP and !\IV:\ gru\\th in rcccnl ~car'. 
and al'o for the pallcrn of 'truc111ral change in 
indu,tryl. But the regional MVA ''dominated h~ that 
of ln1ha. The 'i111a11on in t.1dia ''deal! >1.llh in J.trcalcr 
detail helow. 
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As,uming lilllc policy change. Indian '.\1\':\ '' 
expected It> grn" by 6.9 per cent in 1990. a slo\\-down 
from an estimated 10 per cent in 19X9 and X. '7 per cent 
in 19KX. hut still aho\'c the: a\erage of the region a' a 
"hole for all three years. Manufacturing exports 
boo-;ted industrial grim th. For example. coll on textile' 
recorded a 37 per cent increase to 14.5 billion Indian 
rupees (Rs) in fiscal 19X9/90 from R-. Ill.fl hilli1m in 
the previous tisc:al :.ear. far ahead of the R' 12 hilli1m 
targeted. l.ike\\ise. exp.irl\ of engineering products 
surged by 40 per cent lo Rs 22 billion in fi,cal 
19X9/90. Total e'rorh grc" h~ 3 7.X per cent \\hilc 
total import' grew hy 25.7 per cent. By Jin! of such 
export performance. the Go\crnmcnt may raise the 
export target lo Rs 400 hillion for the fi,cal 1990191. 
up from Rs 2XO billion in fiscal I 9X9/90. a 4] per cent 
increase. Ri,in~ export income permit\ greater amounl' 
of intcrmcd1a1c inpuh and parh '.o he im;-iortcd for 
man~ modern mdu,trics in India. 

One group of modern induo;trics con'i'ts of con
'umcr durable' 'uch a' tclc:\ i .. ion sch. m.1tor cydco;. 
\acuur.i cleaner• .. rcfrigcra•or,, 'e" ing-mac:hincs and 
au;omohiks. A dec:adc ago only about 150.000 tc:lc
..-i,1on-; sch were "ild; in 19X9 11\Cr (, mi!lh>n unih 
\\ere 'old. In the c;,,c of automoh1lc,, thl" decade 'a" 
a 4uadrupling of '"le' to lh0.000 a ~ear. Other Item' 
1umpcd :ib:i in pr11d11c1ion and 'ale,, a phenomenon 
rc!lec11ng thr. formation of a middle: da" and \ 1~orou' 
entrcprcncur~htp. 
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Figure II.I. Grcwth rates of GDP. MVA •nd m11nufmcturlng employment. 1984-1991, and mdustrt.I structu,.I chmnge. 
1975-1991: lncll•n Subcontinent 
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Indeed. the 19~lk "irn~sscJ ti . .2 per i:ent a\erage 
annual gnn\lh <lf the manuf::Kturin~ sc:ctur compared 
with )A per •:ent in the 1970s .. -\pp;;rently. a package 
of measures designed graduall~ tn liberali11" externa~ 
and internal busine!>:;es acti\ity ha., pla~ed a cruciai 
hlk in raising industrial growth performance. The 
package included a m1.m~ Eberal iJlllicy lll'\ ards 
imports. freer entry into inJustr~. emphasis on mcen
ti\'cs for export ... m·~dernizatior. of indus,r~. intmd11i:
tion of high techn<liog~. steps tn•\ards ratitma!ization 
of the indirect tax structure and a r~,·arr.ping of 
infrastruclure 10 raise its ~lficiency k,·d. Together 
these mei\sures created mure rv<>m fur industry h-· 

grow. especially in the consumer gl>Ods sector. and. by 
making the financing to modernize mor~ acce~sible. 
led to an i:npro\·ement in prodt•ct quality. tl>ereby 
increasing the competiti,·eness of a number of Indian 
products in export markets. 

It should further be r.1,red 1hat the second ha:f of 
the 19!i0s saw a h;"Sher MVA growth lhan lhe firsl 
half. The growth ::-ate in the fim four years of the 
1980s w·as 6.6 per cent. whil .. in rhe lacer four years it 
was 6.9 per cent. This performance coincide" with the 
progress of libt.raliza:ion p.:>licics as \\·ell as with t~c 
casing of infrastructural bo~tlc-nccks. particularly in 
the supply of electricity. In addi1ion. the impro\'ed 
industrial growth was sustained during the 1986--1988 
period when bad weather damaged the agricultural 
sector. ln earlier years. lowerc.:I agricultural output 
and income used lo pull down the growlh of the 
manufacluring sector. This did not happen in 1he last 
four or fi\·e years. suggesting a new growth track for 
1hc manufacturing sector as the latter has been 
increasingly linked wilh the world cconom\'. 

The economic \'ariables thal link t~c local economy 
wilh the ~rnrld economy arc numerous, including 
exports and imports of goods and ser\'ices. flows of 

(,l:tn~. foreig11 dire~t im·estment. tei:hn<•lllgy trar:,.frr., 
etc. But the last twn !· 1 \ e l·ome t•1 rei:c1\e more 
auention in n:cent year,. because. a~ p<lli..:y-makers 
reaELe. the~ i:an cnntrihute ...juickly Ill pwducti\e 
capacity and strengthen the structure and i:ompcti
ti,·eness of industry. India. like other c1•untries. saw a 
rapid pace of grn" th in foreign d!~ect i11\estment 
inflows and techn1ll••gy transfer in the l 9XOs (see 
l:i.b!cs :1.3.i a11d II.35i. Undou!:>ledly. these fac•ors also 
helped to boosl industri3l gr•lWth as obsen·ed already. 
as well as to churn out new consumer durahlcs for the 
urban middle class. Hm .. c,·cr. compared with other 
regions of the world. foreign direct inH"Slmem in ln<lia 
appears rather minuscule. For inslance. in 1988 India 
recci\·ed Rs 2.398 million (cqui.-alcnt to S :37 million). 
compared with O\er S IO billion recci\'cd by Thailand in 
the same year. 

'(j~ i.lJL___llitian dim:t jp!eStmt ia I:!d14, 
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Despite the recent process of opening the economy 
and the accelerating MVA growth. the inward-looking 
policy regime still seems basically intact. Other major 
laws go\·erning Indian industry nne not been O\'er
haulcd; they ha\·e been marginally tinkered with. The 
laws include the following: the Industrial De\'el
opmenl and Regulation Act of 1951. with elaborate 
industrial licensing rules and a highly protecti\·e 
foreign trade regime; the Monopoly and Restricti\·e 
Trade Practices Act of 1969 to ensure against b•.1siness 
concentration. with stringent and long inquiries to 
protect small-scale industries; and the Foreign Exchange 
Regulation Act designed to control foreign investment 
in India. These laws incorporate the basic Indian 
philosophy of egalitarianism and self-reliance. but. 
when implemented. they are often pointed out as the 
ultimate source of creating inefficiency. inhibiting 
growth and e\·en encouraging rent-seeking acti\'ities 
on account of the perverse incentive system ([ 11 ). r 12) 
and [ 13)). 

If this analysis is correct. India seems to have a 
powerful avenue for industrial growth by continuing 
the process of gradual opening to the world mc:rket. 
However. the voice of opponents (inward-lookcrs) 
appears to have become stronger lately. One of them 
has argued as follows: 

··A more egalitarian and more self-reliant growth 
path might lead to a decline in the growth rate in 
the short run as the economy adjusts to lower 
imports and a different structure of production. But 
as the endogenous process of technology acquisi
tion. absorption. diffusion and local adaptation gets 
going and as more and more people are productively 
employed. the rate of growth will pass that achieved 
under the inequalizing spiral strategy and. besides. 
will be more :;ustainable in the long run .. ([ 14). 
p. 317). 

Similar views are reportedly coming from Indian 
policy-makers.• It appears that India has come to a 
crossroads. and a choice must be made soon. 

Whichever way India may choose to go. it seems 
clear that the industrial stagnation coupled with 
inefficiency of factor use experienced in the 1970s 
should not be repeated. The stagnating growth of 
Indian industry has been attributed to several factors. 
including: a slow-down in public investment; poor 
management of infrastructure; slow growth of agri
cultural incomes; and an industrial policy framework 
tending to discourage competition domestically and 
from abroad (i.e .• imports) ([ 16). p. 4). In this connec
tion, the estimate of total factor productivity (TFP) 
growth presented in table 11.36 seems worth noting. 

Between 1959/60 and 1965/66. TFP '.ieclined by an 
annual rate of 0.1 per cent for manufacturing as a 
whole, and 12 out of 20 industries registered negative 
TFP growth. This situation even deteriorated during 
the period from 1966/67 to 1979/80, with a 0.6 per cent 
an11ual decline in total manufacturing and 16 indus-

•··oppmi111w 10 hbcrah1a11on also appear. 10 he comma from 
1he Prime Ministe:·s F.conom1c Advisory Council. •.vhich has m"" ed 
in10 a por.iuon or ,>olicy-mak1na prominence. Chaired by academic 
cconomisl Sukh1moy Chakravarly, lhe council ha\ called for a 
•1ra1eay wuh adcquale emphasis on removing disparn1es he1,.een 
sections nr lhc popula11on and rcgwns. ra1hcr 1han JUSI aiming for a 
higher rale or growth in aggrcgalc n111p111" rr 151. p. 45> 
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' JcNnil of Dml!!!Mt ,,,,jq;, 111ls.2l-24 (1'116), p.4. 

trie~ showing negative growth. Lack of competition or 
complacency appears to account largely for the 
retrogression in TFP growth. 

F'lrtunately. in the 1980s India has been able to pull 
itself out of the long-term industrial stagnation. 
despite. the world recession in the e?rly years of the 
decade. The four factors mentioned above :;eem to 
have shifted toward improvement. In particular public 
investment increased its pace; infrastructure served 
industrial activities better; agricultural income rose 
thanks to the spreading of the green rernlution; and 
industrial liberalization sparked im·estmcnts. trade 
and competition. 

Unfortunately. higher industrial growth in the 1980s 
was acconipanied by problems of inflation. e~ternal 
debt, income distribution and the persistence of a 
substantial proportion of 1he population living below 
the poverty line. Whether the new Government could 
produce a new policy package capable of solving those 
problems remains to be seen. But the decade of the 
1990s presents a challenge to Indian policy-makers as 
to India's response to integration taking place in 
Europe. the western hemisphere. and even in the Asia
Pacific region. 

I. East and South-East Asia 

Burgeoning intraregional trade and foreign direct 
investment have helped to sustain a 6. 7 per cent 
growth in both GDP and MV A in East and South
East J\sia in 191!9. Though this growth performance 
represents the highest figure compared with other 
regions. ii still marks a considerable slow-down from 
an 8.3 per cent growth of GDP and 10.5 per cent 
growth of MVA in 1981! (sec figure 11.9 for GDP and 
MV A growth in recent years, and also for the pattern 

• 



Figure 11.9. Growth rates of GDP. MYA and menufacturlng employment. 1984-1991. and industrial structur11I change. 
1975-1991: East and South-East Asia 

Growth rates of GDP and MVA 

P9i - llcige 

6 

4 

2 

trq: 

WA 

Growth rates of manufacturing employment 

Pw-llcige 
IC 

12 

a 

6 

4 

2 

1984 1985 1986 1981 1988 1989 t990 l991 :J84 1985 1!186 1981 19118 1989 1990 1991 

381 

36 

355 

Industrial structural change 
(Index of \aiue arlded: 1975 = 100) 

g 

/382 tJ 

383 

::: 8.77 
::: 21.45 

Key: 

!SIC codP 
./"' 384 

--- 31 
321. 322 
323.324 

31 33 
761 34 

351.352 
353.354 

~ 

--------
355 

321+322 356 

(industries): 

(Food products) 
(Textiles) 
(Leather) 
(Wood and furnitu~e) 
(Paper and printing) 
(Chemicals) 
(P'!troleum and coal) 
(Rubber products) 
(Plastic products) 

\ 36 (Non·metal mineral products) 
' \ ~. 

\ " 323+ 324 353+354 

\ 
351+352 .B 

34 

Constant prices of 1980 

g = Average annual growth rate. 1 :J75-1991 (percentage) 

0 = lndel< of structural change, 1975 · 1991 

So<1rC!J< llNIOO rtala hasP. M!lma!P.~ anti lr>rrr.•SI\ ny UNIOO PPO IPI-' (',[ 0 

371 
372 
381 
3&2 
383 
384 

(Iron and steel) 
(Non·ferrous metal~) 
(Metal products) 
( Non·electrical mach incry l 
(Electrical machinery J 

(Transport equipment) 

1985-1991 forecast 

1980-1985 
1975-1980 

79 



:~!·:~.:~ ~--__J)~---- ?'~~~~~~ ~ilir"'~----
'-:!::~r. P,,~-:e:!t.IO! !illioc Puce~ !i::i'1r. ~~=~ !:.!iio: ~tq 
,!d:.1~ :!°..l.')Jt! .:'.". ~ll.t....~ dWJol? « ·!01:.1...~ ~t~ a-r. ~1:i.rs &~ or. 

J~ :.:i:: -~ 2lt ll4 ~ 2~ ! O..J 217 
bqKo!ll; ~::= ~l 'i() l'i() "' -J 446 2'>C 
leputli.: of Koru =-~ I 2H ; vll lc'I: !(~ 742 

Singapore ~~ t s·~ ... 2' I'!lt n Jll) 

Tai.~n Pro; :n-..~ ~~~ 
;i ~· 147 21: E"' 111~ l'i(! 114 

T~Ul Asi! I 144 !": 'i()I ll4 ~J m s 01~ m 

Total world I 420 ·~ 
7b! l~ 452 171 6 22" l.~ 

------

~: liqel &ottowa·i· "Iles ex;iand in1eSUl!nt ic Soutbeast Asia', far Eastt.."11 E.:!'!l!Oli:_ 
levje,;, 16 lo~ m~. p.7!. 

<lf structural chanfe in industry). I he dnw O\\ard trend 
reflect~ the world-wide cyclical pha~e and tht· ·kpcn
dencc of the rc."gi· in on trade for growth. Ba~nng an 
unexpected catastrnphe in th.: w,lrld c..:,m,;m~. ~r11w 1h 
ir. the region seems read:- to bottom tllll in (<NO In 
the medium term. econom1•; fundamenials appear 
sound. 

The b:.isic reasnr.s for the dynamism of the region 
remain solid: namely. growing intra-industry trade 
among ib countries. made pos,.ihk through foreign 
direct in\cstment and joint \Cnturcs: gradual shift-. m 
pnlicy 11rnard m.irc !ibcral m•i\cmenh 11f goods. 
sen ices. capital. tcchnolngy and management skills: 
continunus upgrading 111 the industrial base h:- intni
ducing new pr• iducts and new skills: and generally 
cnnscn·au\·e ma.:ro-economi.: pn!ic~ regimes. com
pared with the Latin American ones with rampant 
inflation and money-printing. 

Howc\er. growth pains also ab,iund. ir.cluding: the 
problem of bottle-necks in infrastructure 1clcc!ricity. 
water. harhnurs. roads. railways. warehouses. c11m
;nunication facilities etc. I: a shortage ol managers and 
skilled manpower: the thrcat 11f inflation (c11-.t-pu'h 
type): and political unrest in s11mc c1nmtrie,_ Some 
details of these and 11ther factors arc a-ses,cd hcl11\\. 
and p1>li.:y lc"ons and implications dr<m n. 

During the pa't fc\\ year'. flows of foreign direct 
imcstmcnl fr11m Japan ;111d ,.\,ian '.'\ICs to lndonc,ia. 
:\falay,ia. Phi:ippine' and Thailand haw ac.:elcrat..:d 
f\cc tahlc IU7 for llJXX figur..:'l. ·1hese1111\\' pl;1y the 
role of a potcnt \Chicle 111 'prcad indu,trial lh na1111,m 
from one cn11111ry to an11thcr and from 11nc region In 
another. In thc region. foreign direct in\estment from 
dc\cloped countrie' hrought nnt onl~ 111\c,tahk fund' 
hut technology. management ,1'.jjj, ;111d marketing 
kn1>W ledge. I11e'e factor-.. wmhined \\ ith cheap h1hour. 
alrnndant r.atural re,our.:e' or hoth. make latcnt 
compar;ill\e ad\antage a powerful reality.• 

•\f•hf l11H·1~11 d1rc1.:r lrl\C,fmc:nt '-'t"nt f11 fi111itt firm' pr11d :. 11.>! 

ft.'\tilc'. d11th1n,c. ,p11rt ,h .. "°'· l11rn1111rc. hh:"l'k'. , .... rim>! .:11i1th, 

''"'<I( I hr'r .ir~ rhr pr .. ducr, ""h v.h1d1 rhr .\,1.111 '''" ,r,irr1·d 
rhc1r Hlllthtn.1l11.1t111n 111 thL· ,·.trh i 1U\o,. 11l1L·n \\Ith J.1p.H1l''c ll11h1' 

.uhl tci.:hn1)!11,:\ ,,, f.1p.rn nl'r1kd f11 ... hcd thrm .tnd m11\C' rn111 m11rr 

,11ph1 ... 11i.:.11cd p111d11lh 'th.h ,,, 1.1rw·r(.'t.11rd~·r .... tr.uhi-.tttr r.1d1'""· 

l11l1111r teln1.111n ,rh .. 111f!1m11h1lr' and l.Uncr.1, ·\ ... t1uh ··ll~~L''t' 

lh,11 lhr r'pnrr '1,1,Jt.r( ~tf f)H• J(i..·r11hl11. 11f l\nrt".1 I' 'll11l;l.1r l.i th.ti 11f 

f.1JMn "1lh .1 " \t'.1r l.1~ II 1 .1luil.111..·d lfl to111' ,,f .1 ··rn,_..,dcd 
'°"rnp.tr.111\.i..' .uh.u11.1~t·" 1111.k' q I ·1. p -ii.iii 
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.-\ milestone was reached \\hen the foreign dir<"ct 
in\estment cnntributi,in l>f Asian '!Cs to S11uth-Ea.;t 
:\s1a surpassed that 11f Japan in 19l'il'i. This seem.; I•• 
rcllcct the rapidity \\ ith \\ hid1 the .·\sian 'IC' need Cll 
restructure and upgrade their industries s<• a' hl k::cp 
up their c1in1petiti\enes' in intcrnat1<1nal macl..c!·,_ 
Seier;,! circumstantial factors ·mggcst themsel\c' t•• 
::xplain the up,urgc ,,f foreign direct in\c,tment 11<•\\' 
in the reginn. 

One nb\ious n.:asnn fir-.: of all is that th..: _.\,1an 'IC' 
ha\·e begun t11 expcricn.:c lahm1r shllrtagc' bccau.;e ,,f 
the success of their 111du,triali1ati1in. and Cl•nsc4ucntly 
rapidly ri,ing \\agcs (sec table 11.)l'i). Lah1lllf intcn,i\C 

!1~> ::.;.:_ .;:,:-..~ !'!!~ ·~; ~~--'11 ~:~~~·~ .i.i~ ... - :::~;~-::: 
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ie;;ulll:: cf f:rea 1.2 1.2 10.: l~.: 

Taiwan P:'o•:~o> LI 1.1 11.l 12.( 

:~;l 

~.,!. 

' 
~.!. 

: ~ .. -
' .l 

g•••llh h;l\e 11>-.t cnmparati\c ad\antagc. and firn1' 
h;l\c had to clo .c dow;1 11r migrate. Scc11ndly. their 
c\p<>rt ,urcc, •. e, re,ulted in trade s11rph1'c'. and 1h..:ir 
c11rrenc1c' had 111 he re\ alucd. an additinnal prc"urc 
for n111\ 111g pro1ducti11n site,. I hirdl\. pro1e.:t111nhm 
ha' inr.:rc;1,ed in thc de\clnped 1mp11rt1ng cnuntnc' 
agam't laho•ur-mlcn'i\c !!<>o,h from ,.\,ian '((',_ I a't 
hut 11111 thc lca't 1, the 'uh,1.1nt1al rel;nat11•n ,,, ru:e, 
and regulati"n' aga111,t lnrl·1gn dirc.:t 1mc,tmcnt in 
the recei\mg c11untr1.:'. 

:\II four recei\mg i.:11untr1e' h;l\e h.-en hherah11ni: 
their foreign direct 1me,1menl p••h..:1t·, gr;iduall~. But 
the C\pcnl·ncc nf lnd11nc,1a 'land' 11111. particular!\ 
hecau'e nf it' cr,l\\h1!c 111\\ard-lno•kmg ,1;111.:.: \\Ith 
high pr11tc1:t1\,: wall' :\ ,h;irr. ,flit: frnm 1h1' pnhc~ 
oi.:currnl 111 19X9, when th.: ( ioH·rnmi:nl rl·fca,cd an 
"[n\e\lmcnt :'\l·gat1\e ( 1,1" lo• rep!;1.:c thc "[11\i:,1-
ment l'rior11:, I 1,c'· In clk.:t !hi- 'hanµe ••renul l-!9 
pro•d11.:1 lrne' prc\ltlll'h '°''"l'd lo• fo1re1gn 111\l''l"I' 
f\ee tahlc II. N t"r 1r1d11,lr\ tk!ail'J l 'ndcr lhe ne\\ 
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~: ID>estelt Cc-ordi11.1tinq Board of Indonesia, as qwted in ~
~. 5 June 1m, p.us_ 
~: Fit;t:ri!S in ;ia.~tlll!ses art tilt lllmtlerS ~f -11 closed a:e.JS 
l T~"llS cf in•estRnt set b': tile linistr; of li:ies and Enw;:-

11,1_ llnl~ I IO lllll nf ll\Cr I .OCIO llCnh arc n<l\\ 
rc,trKtcd I induding rc:,tricti,,n, "n ral!;.rn turniturc:. 
palm-oil pr,i..:c:"ing. \C:nc:c:r. pl~\\oi11d. \J\\milling c:tc.l. 
The: nC:\\ ruk' al-11 ,1a,hcd the minimum imcstmc:nt t•~ 
~250.000 frllm ~I milli11n. This mc:a,urc: promi'c' 1,1 
lure: mcdium-,i1cd firm' fr11m :\'ian '.\IC\.• h1rthcr-
1111irc. firr.1s that commit thcm,c(\c, 111 C:\p11rting 
65 pc:r .::c:nt ,1r m11rc 11f 11utput \\!.I he: pc:rmittc:J t11 
imest in 52 mllre area' n11rn1all~ ct.1,..:d 111 forc:ignc:r'. 

Thc:se rc\'ised ruk' arc: c:\pc:ctc:d Ill h<hl\I furthc:r the 
i:lcrc:a~ing tcndenc~ 11f forc:ign dired m\e,lmcnt act1\'i
tic, in c:xport-oricntcd area,. In IYXX. ~2 pc:r cc:nt of all 
fon.:;~n dirc:ct imc:-.imc:nt pr11J<:C1' \\ere Clllllllllltc:d to 
c\p1•rt fl~ per .._,.,;; or more of 11utpuL a 111mp frnm 
_~ti per cent in llJXh. :\large part of 'urging lnd .. nc:,ian 
C:\p,1rh .ire attrihutc:d t11 n1in-traditi1inal manufacture:' 
produced h\ foreign 'uh,id1~iric:' or J•llnt \cnturc:'. 
:\pparcntl~. the: clluntr~ ha' cllnW 111 n:i:11gni1c: and 
rc:ap the: hcnc:fih ,,f m;1kmg foreign direct 10\e,tmcnh 
an 111,rrumenr of grtl\\th. u'in,!! them 111 hring nc:\\ 
technnlog~ ;,nd mana,!!emc:nt 'kill- along \\llh capital 
and mtcrnati• 111al marker mg rH'I\\ "rk '· all tail11r-madc: 
to mcer the need' of lnd11r.e,1.ir1 111Ju,rn and 111 'pc:ed 
up its re,trw.:111ring. •• 

1.ookcd at from the: \IC\\p111nt 111 the \\lltllc: rq!l•>ll. 
rhe'e f11rc11rn dirc:cr ime,trm:11t act1\111c:' arc: pla\lll!! 
the: role of "indu,rrial hnkai::e crcatnr·· ;1m •ni: i.:1111n
tric' 111 the rq:111n ·1 he i:r11"·i:oun1n mdu,trial 

linkagt' '" i:rcatc:d rc:pre,cnt "" '''' tn cc1111 .. m11; 
111tegrat111n of a , .. n. \\lthnut ;1 t.irrnal aµrc:cmcnt t11r 
mcmhc:r,hip 11r c111nrn11n 1;sr1ft \\,ilh a' m the: c;1,c 11! 

the: U·C. 

•P.1rth.1il.srh th•'"<.' firm' u.11h < h111c·.c, 11nq1·( \1,1n. 1r1 lnd.1nl'"'·'· 
h111 '-'Ith l1trk rm.uh 1.d .111d p.11111,·.d \ \. ·111 

•• •h.td.rnd .rnd ~ .. f.11.1.,1.1 ,crm ,,, h,1\t' ~11rw .thr.1d ,,, Jpd,1r1r .. 1.1 
111 u,in)C l11re1~0 dlf<"ll lfl\("'lnh:nh ,,, .1111mp•1rt.rn! >!f•1\Afh ··~·.·nr 

In th1' r1"·~·c" J;.1.pane'c: tirni.. ha\t: hccn the: 111H;;.1.l 
l.\..llfltltlHt.: '-·~nal~~t I hr,-.L!gh ~,,_,,pl·rattn!! finn,_ fi.lr 

C:\;1111plc. ;1 .lap;lllC:'C t•k((r, •!Ill.>_., •mpan \ (1 >tild pr• >(l!rC: 
rc:'t't"r' made in the Rqiut->:1c ,,! K11rca . ..:1•tllkn,,-r, 
nude m Lt1\\,tn l'r1•\ 1!1..:::. tr;111,f,1ri111:r' m;1Jc rn 11,1:ig 
f.;.,111g. nugnc:t1..: hc:iJ, anJ rntcg~;1tc:J c1r..:u1i.. maJc: 1n 
'.\lab\,1.1 anJ t::IC\hll•ll ..:;1th1•Jc-ra\ tuhc:' mack l!1 

Sing;1p1 're:. anJ ;1"cmhk thc:m in Smgatl• •re:, ,r '.\bb\ ,1;1 
'"'~market' m .\,1 .. the t ·nitc:d State:' ••r C:\en \\·c:,tc:r" 
htr• •;><: \I,>:_. and :11. •re: manufactur..:d g• •11d' ;.re: 
('1Hning unJ1.:I ... 't'rl ·:· cr,1'.''.'-(°tlllfltr~ ~rran~t:n1~~1t 

f,ir pr.•duct .. •n and markct111g. 111.:ludmg aut1•n11•hilc'. 
c.imputc:r,_ tdcc1llll!llunicati1 •n n1uipmc:nt. '''I'~ mg 
rna.::hinc,. \ ide1 •tape rec1 irJ.:r, anJ ,11hc:r c:lc:c:r11ni..: 
gtltlJ.,. 

Tran,nati.,nal firm' fr11m ll1•ng K1lllg. Rcpu~li.: 11f 
K"rca_ Singap•>rc and lam;u1 Pr.nmcc: 'cem 111 he: 
hmlding I f1>ll1 rn ing the: c:umpk ,,f Japal'c:'c: firm' I 
thc:1:- 1n\n nc:t\\11rk' 11t' lll\C,tmc:nt. pr11ducti•lll and 
trade: m the re~i·in 1m ,>I\ mg an increa,mg numhcr ,,f 
pr.1Ju..:b and markc1'. • Th:' i, a rcgi.•n \\here fir,t
~:Hc engmc:cr' and c• irp.>ratc: c:\c:cuti\ c:' c;irn ' ... !~ 
;1h1llll nne 4uartc:r 1lf the ,alan le\cl 1•f their l "nitcd 
State' c11untc:rpart. H1m C:\ er. al11ng \\ ith the \\Cll
trainc:d \\1•rk-f,,rcc. the\ karn ,krll' 4uid.h m prn
du..:th•!: and marketmg. 

'.\lc;1n\\h1k. _.\,j;.1.n '.\IC, ha\C shifted their 11utput 
structure t1mard m<1re c;ipital- and ,k1ll-intc:n'i\c 
inJu,tric:'. T:1c ma311r leading item' 11f C:\P•'rt n.i\\ 
include: cni11ur tcle\ i'h in ,eb. \ldC:lltapc: rc:cllrdcr'. 
micr(l\\ a\ c: .>\en,_ ;sut11n111hilc:,_ Cllp~ ing machine:-;. 
rc:r ... inal Ctl!llputcr,_ tcldac,imik machine' c:tc. But 
the p111iC\-makcr' m _.\,ian '.\JC, reali;c the need 111 
ke<'P 1111 Ill.>\ mg mt11 higher 'ktll· and rc:ch:l.il.ig\· 
mtcn,i\c indu,tric, 1f thc:ir inJu,trial d~nam1,m 1, 111 
he kc:pt ali\c: in the: ah,cncc 11f naturai rc"1urcc: 
end1rnmc:nh. Thu,_ l1•r 111,tan1·c:. the Rcpuhhc nf 
f..11rc:a h;" launched ;in R • () and imc:,tmcnt pr1•
grammc fnr the: next dc:cad..: 111 c:ntc:r int11 the ;1c:r11· 
'pace: indt"tr~. OC\\ materiak mc:chatr1•illc,. m1.:ro
dc:.:tn1nic' 1!"1r c:\amplc:. 11•-mcgahll d~namic rand1•m 
accc" mc:mnr~I c:tc 1 .. c:c: tahlc: llA!ll lhc: ne\\ 
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Total factor productivity-evidence 

The crucial role that productivity 
gains play in long-term industrial 
development cannot be over-em
phasized. Development could be 
pushed through injections of more 
capital and laboi.:· .vithout produc
tivity gains (without. for example. 
technological innovation and struc
tural change). Indeed. suc-h 
"resource-intensive" growth could 
take place as in the case of the 
USSR (1970-1985) and India (1959-
1979). Evidence from the Republic 
of Korea provides a contrast to ti 1e 
above cases. and reflects a rather 
significant contribution to industrial 
growth. 

Table 11.41 provides a measure
ment of total factor productivity 
(TFP) for manufacturing in the 
Republic of Korea during the period 
1966-1985. For the 19-year period. 
TFP grew on average by a remark
able 3. 1 per cent per year. Although 
the TFP growth shows an uneven 
pattern across different industries. 
positive growth is widespread with 
only one negative-growth industry 
(iron and steel). Some industries 
with a high propo1tion of import 
substitution have registered high 
TFP growth: namely, chemicals. 

petrolP.um refining and production. 
and paper products. This seems to 
contradict the generally accepted 
notion that irpport substitution is a 
poor route to productivity increases. 
a point further dealt with later. 

As conventionally measured. TFP 
is a mixed bag of many dynamic 
elements. such as the following: 
increasing levels of skill through 
education and training. injection of 
superior technology either imported 
or domestically inver.ted: successful 
introduction of new oroducts: new 
ways of organizing factory floors; 
improvement of office management; 
and upgrading of output mix by 
factories as well as by the manu
facturing sector as a whole. These 
elements come into play in fast
growing economies under competi
tive conditions and through govern
ment promotiona1 measures. 

While an investigation of the 
causes of TFP grow1h requires 
intensive quantitative research. the 
following historical facts should be 
kept in mind in considering the 
experience of the Republic of Korea 
They could provide historical and 
institutional clues as to how produc
tivity gains have been achieved. 

Tabie 11.41._l;u!ual grO!ltll rate of total fa~rodw;tivjtyin 
~~/ 

(PtrcellUqe) 

Industry Total factor ~Ollth Uk ~f 
productitity qrOlltb II'/! Capital Labour 

Food 4.4 14.1 ll.7 6.7 
lleveraqes 2.2 7.6 7.3 I. 7 
Tobaa:o 3.1 10.7 7. 7 1.9 
Tertiles 2.0 12.3 12.1 5.9 
AAIU'el and f ootvear 1.7 16.1 16.0 12.2 
Leatber and fur 6.3 30.9 IC. 7 II.I 
Wood and cork 4.5 7.6 6.5 u 
Fllrni ture and t irtures 4.2 15.4 12.1 7.6 
Paper 4.1 12.7 10.4 7.3 
Printinq 2.1 ll.5 10.a 5.2 
aieaicals 5.5 17.3 10.1 7.l 
Petroleu1 refininq and productioa 3. 7 11.6 13.9 1.3 
lubber 1.2 15.2 15.2 10.6 
Pottery, qlass 0.6 ll.6 16.1 7.5 
Iron and st.eel and lletals ·1.4 11.7 22.1 10.1 
lletal products I.I 11.2 19.5 9. 7 
lloHlectrical llldlir.ery 2.5 20.7 20.2 10.a 
!.lectrical Mdlinery 1.9 25.0 26.1 17.1 
Trwport equipmait 3.4 20.1 13.9 10.7 
IJtller llllllf actures I.I U.9 19.l 10.1 

Average 3.1 14.2 14.1 ... 
~: Balc-«i I Pyo, 'l'.ltillUs of capi W ltcd ad capi tal/oatfUl 

ooefficient£ by inatries for tlle •He of loru (1953-1916)', llorkinq 
Paiier 1o.mo, (s-1, Septelller ma, roru Dneloi-nt lnltitutel ad mim 
data bani!:. 
I/ Total factor producthity ii -eel •ilq 1 CObl>-~ ~ioa 
function (Solow inde1). 

The fact to be noted first is the 
speed at wtiich new products are 
added to exports composition. This 
mtormation provides tel:ing evidence 
of how new products made in the 
Republic of Korea have been accep
ted in the world market in terms of 
quality and price. thus indirectly 
revealing how quickly thP. producers 
have mastered new technology. 

The export basket of the Republic 
of Korea has changed from silk yarn. 
tungsten ore. ginseng. plywood. 
cotton fabric. garments. footwear 
and wigs in the early 1960s to 
automobiles. colour television sets. 
videotape recorders. microwave 
ovens. telephones. computers. semi
conductors. electronic chips. oil 
rigs. man;..ifac:uring plant facilities 
and petrochemical derivatives in the 
late 1980s. · 

In 1962 export items numbered 
only 69. but reached 5,270 by 1987 
on the basis of the 8-digit classifica
tion of the Customs Co-operation 
Council Nomenclature (CCCN). In 
other words. on average. over 200 
new products were added to the 
export basket every year. Export 
records imply that manufactures of 
the Republic of Korea were competi
tive in price and quality on the 
international market. 

This also reflects rapid structural 
change :n the industry of the 
Republic of Korea. from labour
intensive to capital- and skill-inten
sive. within the past couple of 
decades. Indeed the share of engi
neering indust;ies (defined as the 
share of ISIC 381 to 385 in total 
MVA) climbed to over 40 per cent in 
1986 from less than 15 per cent in 
1965 

Such a rapid structural change 
has not come about under a taissez
faire regime. Studies reveal that 
government policy intervention has 
been extensive. Policy regimes can 
be reviewed from many different 
angle$, but the following two aspects 
will be taken up since they provide a 
strong contrast to those of other 
developing countries: policies on 
competition in domestic and world 
markets: and polit::ies on technolo
gical change. 

The regime existing in the Repu
blic of Korea could be described as 
pro-big-business and highly compe
tition-oriented. It is well known that 
the Gov£rnment fostered "Chaebol 
groups" with subsidized loans. and 
encoJraged them to expand their 
output and exports as fast as 
possible-a growth-oriented policy 

------------------------------------------·---- -· ------
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from the Republic of Korea 
even at the risk of sacrificing 
egalitarian concerns.· 

The encouragement came in the 
form of subsidized loans. reduced 
profit tax. automatic use of foreign 
exchange to import raw materials for 
export production. and free com
mercial and technical information. 
Thus. risk-taking was made easier 
for the Chaebots. Out these incen
tives were strictly linked to export 
performance. The fierce competition 
among Chaebots for exports resulted 
in the addition of new products such 
as automobiles. colour television 
sets. computers. videotape recorders 
etc.. which tend to raise tech
nological capabilities. However. to 
manufacture those products the 
Chaebots initially imported mach
ines. technology and intermediate 
inputs from abroad (mostly from 
Japan). This meant that as output 
and exports to the world market 
soared (mainly in the United States). 
the Republic of Korea's bilateral 
trade deficits with Japan worsened. 
Furthermore. av&rage domestic 
value-added content tended to 
decline as more new products were 
added to the export basket. 

The Government stepped in to 
mitigate the balance of payments 
difficulties and to increase the 
domestic value-added contents of 
exports. The first step was to identify 
the following candidates for import 
substitution: machine parts and inter
mediate inputs that had been im
ported in large quantity. home 
production of which would save 
foreign exchange significantly; and 
products for which technological 
requirements could be met within a 
few years. The selection is done by a 
task-force committee consisting of 
industrial specialists. engineers. eco
nomists. bankers and government 
officers. The committee also selects 
"capable suppliers". who then 
become entitled to enjoy subsidized 
loans from special industrial devel
opment funds installed in the bank
ing system. 

To illustrate. 1n 1987 the Ministry 
of Trade and Industry designated 
603 items in machinery. parts and 
advanced materials to be locally 
produced. Successful implementa-

'By contras!. 1n India. 1ndustr1al enterprises 
bo!h public and private are s111>1ect to thP. 
Moropohes and Restrictive Trad11 Prac11ce:; 
Act Under the law. enterprises must obta1ri 
permission , to expand outpul beyonel a 
licensed amount or to produce new m11rchan
d1sl'l Thi! primary aim,. to pro!P.ct small-\calf1 
ind11s1ries a~d to d1sco11r~gP. monopoly pow11r 

tion of the s.:..1eme would save 
$1 billion from import substitution. 
Specific items include rubber injec
tion presses. automobile parts clea
ners. drum testers. high-vacuum 
coaters. chlorine automatic con
trollers etc. Over 400 suppliers. 
mostly medium-size enterprises. 
were to participate in the Koreaniza
tion projects. and received loans 
with low interest rates of about 5 per 
cent per year (comiJared with 10 to 
12 per cent for commercial loans). If 
they learn to produce competitively 
against imports. these enterprises 
would create new linkages with the 
Chaebots which assemble parts. 
Chaebots. however. are not bound 
to buy domestically produced parts. 
putting pressure on suppliers to be 
up to world market standards in 
quality. 

Another important policy instru
ment to enhance competitiveness 
was provided by import liberaliza
tion. This was used as a tool to 
expose domestic industry to inter
national competition in a gradual 
manner. The Government has been 
pursuing a long-term goal of import 
liberalization by reducing tariff rates 
and import licensing. Since the mid-
1960s the average tariff rate was 
gradually reduced from 40 per cent 
until in 1984 it stood at 21.9 per cent. 
although the rate for finished pro
ducts was higher than that for 
intermediate products or raw mat
erials. 

Licensing requirements for imports 
have also been gradually reduced 
since the mid-19705. The trend is 
reflected in the number of product 
ileris placed on the automatic 
approval list announced annually. 
As a proportion of items at the four
digit level of the CCCN. the auto
matic approval items increased from 
49 per cent in 1975 to 92 per cent in 
1986. and to 95 per cent in 1988. 
Every year new product items have 
been added to the list the choice i:; 
based on whether a specific product 
has become competitive enough to 
be able to meet foreign competition. 
Also. pre-announcement of specific 
items warns producers to prepare 
themselves. However. if there 1s 
a sign that producers ma~ faller 
because of the import competition. 
then the product is placed on the 
import surveillance list. The govern
ment authority monitors carefully 
whether imports are hurting the 
industry. and if necessary, the pro
duct is pulled from the list of 
automatic approval for import. 

Regarding technology pohcy. the 
Republic of Korea had been restric
tive in technology imports. like many 
other developing countries. to pro
tect domestically developed tech
nology. But the restrictions have 
been gradually removed since the 
early 1970s. For instance. the ceiling 
on royalties. the limit on contract 
duration. and the prohibition on 
export restrictions were abolished. 
In 1984. the approval system was 
changed to a reporting system. The 
Government then turned to the 
encour;igement of domestic R • D 
by means of subsidized loans. tax 
holidays and special depreciation 
allowances for R • 0-related invest
ments and training facilities. Compe
tition among producers. particularly 
Chaebols. in inno..-ation and new 
products along with these incentive 
measures forced enterprises to in
crease R + D expend!tures. As a 
result. the government-private ratio 
of A• D expenditure reversed from 
71-29 in 1970 (totalling 10.4 billion 
won or 0.4 per cent of GNP) to 20-80 
in 1986 (totalling l .a78 billion wo!1 or 
2.5 per cent of GNP). 

An evaluation of A • D in in the 
Republic of Korea suggests that 
domestic R • D efforts complement 
technology imports by making them 
more effective through adaptation 
and improvement rather than com
petition with domestic technology 
development capabilities. 

To sum up. policy-makers in the 
Republic of Korea have seemingly 
been more concerned with dynamic 
efficiency gains than static effi
ciency. They have used policy tools 
well known as price distorters. such 
as subsidized loans. tax reductions. 
foreign exchange allowances and 
accelerated depreciation 1-'.:>wever. 
these tools were used tc. oromote 
exports. new products. innovation 
and modernization of the industnal 
base (towards. for example. a higher 
level of technology). Building up an 
export record provided clear-cut 
performance criteria for the Govern
ment to a.Nard incentive benefits to 
an enterprise. Thus the stnngent 
market test of pro'1uc1ng quality 
output at an acceptable price 1n the 
international market was adopted. 
The criteria served to minimize rent
seeking activities. since falsifying 
export records was rather difficult 
The record of industnal growth 
suggests that dynamic gains in 
efficiency have more than offset 
losses in static efficiency or the 
adverse effect of pnc~ distortions. 
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A confluence of world trends and 
events has turned the attention of 
the United Slates toward rethinking 
the structure under whicn it con
ducts its economic relations with the 
developing economies of Asia. The 
United States now faces chro,ic 
trade deficits. strong competition 
from Asian Pxporters. a growing 
Asia-Pacific trading bloc. the need 
to recycle East Asian Cetpital sur
pluses and volatility in foreign ex
change markets. Such economic 
considerations have combined with 
a thaw in East-West military rela
tions that has placed more emphasis 
on economic factors in discu:;sions 
of national security policy. This has 
elevated the importance of the Asian 
economies in Unitt?d States policy
making. 

Both the administration of Presi
dent George Bush and members of 
Congress have propoc;ed new insti
tutional arrangemen.~ for United 
States relations with Asian trading 
partners. These include Secretary of 
State J2mes Baker's proposed pan-

·ey Dick K Nanto. Congressional Research 
Service. Library o! Congress The personal 
viewpoint or the author IS expressed 1n the 
above article 

Pacific entity. Senator William 
Bradley·s Pacific-8 proposal. Senator 
Alan Cranston and Representative 
Mel Levine·s Pacific Basin Forum. 
and various combinations of free
trade agreements. 

Um/ts on power 

A decade ago. similar proposal:; 
died out primarily because most 
people in the United States could 
see no compelling need for closer 
economic co-operation amorg coun
tries of the Pacific Rim. Many in the 
United States also suspected that 
such a formal organization could 
cost more than it would provide in 
benefits. Since then. hcwever. the 
limits on United States economic 
power have forced it to reach out to 
co-operate and build coalitions with 
its Asian trading partners. For 
example. the United States is un
likely to be able to resolve world 
financial problems. such as devel
oping-count!) debt. without co
operation from the cash-rich Pacific 
economies. 

In addition. many in the United 
States feel that more needs to be 
done to resolve trade issues despite 

United States rethinks 

!'le passage of the Omnibus Trc.de 
Act in 1988. One line of thought calls 
for more free-trade areas patterned 
after the Canada-United States agree
mentor the more unified EEC. The 
rationale for such an approach is 
that the level of interdependence 
between the United States and the 
economies of the Asia-Pacific region 
is so great that relationships should 
not be threatened by constant 
bickering over market access and 
perceived ur.fair trade practices. 
Trade friction has often threatened 
to damage political. security and 
cultural ties. 

In terms of legislation. most of the 
bills introduced in the United States 
Congress focus on a free-trade 
agreement with Japan. Representa
tive Philip Crane. however. has 
sponsored bills t"at woi.ld also 
authorize such agreements to be 
established between the United Sta
tes and Taiwan Province. the Repu
blic of Korea and ASEAN. The 
advantages envisaged include 
mutual economic benefits in the 
form of trade generated. greater 
economic efficiency. enhanced com
petition and lower consumer prices. 
removing the remaining formal and 
informal barriers to trade in each 

programme en\isage .. raising R + D expenditures l•> 

5 per cent of G~P by the year 2001) fnlm about 2 per 
cent in 19X7II19]. p. -'9>. Total factor producti\ity (sec 
box, pp. R2-X3) is expected to increase as a result of 
the programme. 

has hccn plagued by poli:1cal prnhlcms and business 
uncertainties. But tln the whole. thc'c problems do not 
appear damaging to the basic dynamism of the rcgit•n. 

The real source of Asian dynamism and industrial 
competitiveness thus stems from the commercial 
application of new technology as \\ell as its 1.1uick 
spread among countries in the region. In this process. 
foreign direct in\estment has become a leading agent 
for technology transfer... The policy shift hl\\;s;d 
libcrali1ing the mo\emcnt of goods. sen ices. tech
nology. capital and management skills is ·.".pccted to 
continue in the region. in line \\llh world trend,, and 
the d:-nami'm so created can e\en spill o\cr to trade 
partners in other rrgions. 

Ho\\ e\er. '' 1me country -specific problem.. ha\e 
emerged. For instance. the infra .. tructure of !\.falaysia 
seem' to he lagging hehind the surging demand 
particularly for water. electricity and high\\ay 'Y'lem ... 
.Japanese cnnsumer elecrr.inic' companie .. (repre,ent· 
ing more rhan half of fapane .. e rotal imestmcr.I) 
complain ahoul po\\cr failure,, C\Cn for a few 
se..:onds. \\ hich cripple computer-conrrollcd c1.111ip· 
ment. There 1' abo a 'hortage of indu,rnal man;agcr,, 
'Y .. rem' analy .. rs and engineers. Rapid indu .. 1rial gro" rh 
in Thailand ha' aho hrought '1milar problem' 11f 
horrlc-neck' and 'horragc,_ The Rcpuhhc of Korea 
ha' .•uffcrcd from laho11r urirc'r. \\IHlc rhc l'h1hppme' 

1<4 

As to tho: cxtraregional c1incerns. the ITC 199.:! and 
the opening up of Eastern Europe loom large. 
Especially ASE:\:\ countric' ha\c had historical tics 
with Western Europe. and hence they .. cem to he mMe 
\\orricd than others ahout the possibility of a weaken
ing economic linkage with Furopc. or e\en losing out 
in the flux ,lf C\cnts. For instance. fears ha\c been 
expre,sed ahout foreign direct 1mestmcnt anJ o\er
seas development assistance hcing di\ crted 10 Eastern 
Europe. But ;a least for the next couple of years. the 
absorpli\c capacity of Eastern Europe may not he 'o 
large a' to cau'c :\SI'.:\~ to lose out in .. haring global 
foreign direc: im·eo;tmcnt or o\erscas de\clopment co· 
opcrati1in. Foreign direct imcstments. in particular. 
aim at long-term pri\ ate profitability. and \\ hcthcr 
!'.astern hr rope will offer .. uperior profitability i' 
dchatahlc.• In the case of mcr,ea' dc\clopmcnt c11-
opcr<1tinn. fiscal consrraints in co-operating countric' 
(for example. the United States·-see box above) may 
prompt somr diversion lo Eastern h1rope at the 
expense of A Sb\ !'Ii co1mtries. depending upon the 
pull of geopolitical factor'. 

•'\C'r 'l"l f1ttn l> 1 •n I .1,tnn I 11r11Jl'..' .uhl 1ht" , .,SM 1ri thr pr<",t"fll 
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trade ties with Asia* 

country. and providing an effective 
vehicle for developing ru;es in non
trad1tior;al areas such as services. 
investment and intellectual property 
rights. 

United States opinion leaders 
seem to feel that if a free-trade 
agreement were established. it 
should be consistent with GA TT and 
broad in its coverage of other 
economic issues. One concern is 
that the un:ted States market is so 
large that a free-trade agreement 
with an Asian economy would give 
away more market opportunities 
than it would gain. 

The earliest that Congress could 
give serious consideration to the 
free-trade agreement bills would 
probably not be before the mid-
1990s. As of 1990 the focus of United 
States trade policy has been to 
proceed with the Uruguay Round 
and to continue bilateral. market
opening efforts. 

In June 1990. Secretary of State 
Baker announced that the adminis
tration would explore the possibili
ties for a new mechanism for 
multilateral co-operation among the 
countries of the Pacific Rim. He 
indicated that he did not intend to 
offer a definitive blueprint but would 

be IOOking for consensus •mong 
Asia-Pacific leaders. 

In Congress. Senator Braaley has 
proposed forming a coalition of 
eight Pacific countries to co-ordinate 
exchange rates. seek solutions to 
the debt crisis of developing coun
tries Olnd negotiate common positions 
for GA TT negotiations. Although 
members of the group would ~.ot 
provide trade preferences to each 
other. the four industrial and four 
industrializing countries would co
operate on international economic 
policy. 

Wrong focus 

Senator Cra.,ston and Represen
tative Levine have introduced bills 
calling for a Pacific Ba~in Forum to 
discuss economic. diplomatic and 
other issues unique to the region. 
The forum would include annual 
meetings with a permanent secre
tariat to do research and pursue 
dialogue on long-range concerns of 
mutual interest in the Pacific. 

United States policy has long 
favoured c:ose co-operation among 
Pacific Basin countries. In 1985. 
former President Ronald Reagan 

directed executive branch officials 
to promote closer co-operation with 
countries in the Pacific Basin 
through expanded i11volvement in 

such regional forums as the ASEAN 
6·5 dialogue framework (ASEAN 
plus the five industrialized countries 
of the Pacific) and the Pacific 
Economic Co-operation Conference. 
As of mid-1989. however. there was 
r.o agreement on a detailed plan to 
crea1e a governmental Pacific Basin 
institution. 

The current consensus seems to 
be that the United States should 
remain actively engaged in discus
sions on creating a Pacific institu
tion. if only to avoid formation of 
an organization that would pursue 
Western Pacific interests at the 
expense of those of the Eastern 
Pacific. There is some concern. 
however. that the focu.; on creating 
a formal institution could divert 
attention from the actual work 
of fostering greater economic co
operdtion or could provide parti
cipating countries with an excuse to 
delay further market liberalization. 

Source· Joumal of Japanese Trade and 
Industry. vol 8. No 6 (November December 
1989' 0 16 

In a broader \iC\\. greater Europe. including the 
liSSR. could abo tlc important to East and South
Ea~t :\\ia. as a pm~iblc area of market di\·ersification. 
The bulk of the region\ trade depends on markets in 
'."onh America. But the latter rc-gion would seem t•' 
nffcr little mom for further cx:-ansi~m of export and 
in\cstmcnt outlet~ for :\'ian business. The new de\·cl
opmcnt 1lf market force' in Eastern Europe and the 
t:SSR could offer the dc~ircd opportunities for co
operation and ~iversification. • 

include inflation and run-;rnay nhincy ~upply and 
im·cs1mcn1. misma1ching of industrial outpul (that is. 
a.:utc shortages 11f ra\\ ma1crials and intermediate 
inputs). infra,truc111rc bottle-necks (with o\crlnadcd 
systems nf transpnn. communicatinns. power and 
waler supply etc.) and cntcrpri~c-lc\cl incfficicn;.:y, ta\ 
evasion. and disarray in decision-making power and 
al·countability. The c'sence of the policy challenge still 
remains finding an .. optimum mi,"' of planned eco
nomy and markel forces tailored to 1hc needs of 
China. For a while. go\crnment controb arc C\pccted 
to incrca~c under the new programme. 

.J. C'hina 

The dra~tic coniractionary policy imposed on the 
economy in l'->XIJ yielded a growth recession and 
unemployment. rc\crsing the trend of double-digit 
indu~trial grow th throughout the 19XOs. The next 
three year' or more arc likely to witness a carefully 
mca,wrd pace of indu,trial growth. at for instance 
;srounJ ti r .. r cent 1<il>P at~ per ~cntl in 1990 (sec 
table 11.42 tor growth performance in 19X9). The 
Cio\crnmcnt ;1nn·iunccd in ~o\cmhcr 19X9 an eco
nomic adju,tmcnt programme aimed at ··rectifying" a 
":rie' of problem' that emerged in recent year,. The\ 

•f 'fl""'"' rhr R1·p11hh, ''' l\ .. rr.1 '" rhr I ·ssR "cn1 "fl"' -111 
rcr 'Clll ·"''' 1!11fl"r" "' I~- rrr ''"' IO ('IM'I, 1>t11fc 11.ulc ""h 
I .1,ll'."rn I 11r••pr .1lm11 ... 1 d1111hkd ,n 1hc ,,unc.- \C:rtr 

In 19X9. \irtually ali industrial growth indica1ors 
dropped sharply: light industry output grew by only 
XA per cent. down from 22.1 per cent in I IJXX; likcw isc 
hca\y indu~1ry output grew h~ X.2 per cent. down 
from 19.4 per cent in 19XX hcc whlc 11.4.l for other 
indic;Horsl. It sl1011ld he kept in mind that the rate of 
inflation wa' 17.X per cent in 19X9. slightly down from 
IX.5 per cent in 19XX. ln\cstmcnt appears to h;1\'c 
b11rne the ma1nr brunt of the cnntractionar\ policy 
mc;1snrc,. S1a1e-1mncd enterprise' '>la.,hcd imestmcnt 
by 9.2 per cent. collecll\e cntcrpri~e~ hy 2X. I per cent. 
and pn\'atc cntcrpri"c' by 4 . .l per cent. 

The change in 1iutpu1 compo,it1011 retlc.:h tnc 
policy-induced nq~at1\e growth in in\C,tlllcnt. The 
hard-hi! capit;:l-good' 1nd11,1ry mdude' .,tcel 'hip~. 
locomott\c,, machmc toob. motor \Chtclc' and trac
tors !sec ta hie 11.4' t. In the ca'c of con•,umcr-good' 
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output. ..luxury items .. suffered negati\·e gr·m·th. 
namely cameras.\\ ashing-machines. refrigerators. lape
recorders and colour rele\'ision sets. 

The austeri1y programme knocked down the inlla
tion rate to around 7 per cenr hy the first 4uaner of 
1990. but at the cost of factor~ closures. hankruptcies 
in the priva1e sector• and lay-offs of mer 15 million of 
,he 135 million \\nrkers in Stale enrerprises. Further
more. wage earners· incomes have been reduced by 
stopping bonus payments. with IO per cent of wage 
paymenrs heing di\erted 10 the compub11ry purchase 
of go\'ernment honds. 

The reason for economic retre:lchment is e\ident. 
Between 1979 and 19XX. Ci~P grew by an annual 
a\erage of 9.6 per cent and the trade volun:e by 
17 A per cenr annually. All hough per capita income 
r1>se i11 borh rural and urhan area,. "run-away 
de\elopmenr" hrnught with it trer.1endous inflationary 
pre"ures particularly hecau'ie of the "underdeveloped 
hanking sy,tem" Cii\en the political and admini,rra· 
1ive rigimes. the rentral bank has li1tle power to 
control the money 'upply created hy local bank' in 
differenr province~ a' well as by fiscal deficit\ of 
Ciovernmcnt at \ariou' levels.•• Ir would \cem rather 

•(he inth1,1r1,1I ,h.1ke·11111 l:Jt,,cc.I I n111l111n "f,11,4n,h1p cnrrr· 
pri'c'" <1nd 2 I nul!inn pri\ .If~ hu ... mr,,r, in J•)X)il. 

••f 11r .1n mf,~rnl.111\.l" ,1i,,11..,,111n .1r.d .1n.1h'''· ,er I 1 Y11n)(1. 
"( ·t11na·, mfl,111i•n c.u1'c'. cf'lr..:h. ,mil "tli11111n,... -f "''" \un·.-,. 
\ol ~-1. '-" 7 I fol, l'IK'IJ, pp 1.~~·l>l>K 
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difficult and cnstl~ to contr,li intlatinn at hcl11\\ 10 per 
cent. a:- the Go\'ernment aspire'. \\ ith1llll reforming 
the hanking system itself. 

The decade-lnng rapid indu,trial gr1n\lh also gan: 
ri'c to the prnhlcm of ra\\ material' and other input 
,hortages for many indmtries. The pr11hlcm '1enh in 
part from the legacy of •:entral planning and under
de\clopment of rhe ra\\ -materiab d1s1nhut1on sys1em 
or the marker. Ry con1ras1. proce"ing indu,1rie' 
burgeoned. re4uiring e\er-in..:rcasing input matcria1' 
of all sorls. The practice of reselling ra\\ ma1erial' and 
intermedia!c inpuh allncated t11 1hc planned 'edor 
fc1ched easy profil, 10 State enterprises and Stale 
bureaux overseeing the allocation proces~e'i. • The 
rising ra\\ material prices failed to bring about \llpply 
increa'e' as the market wa' n•ll yet well developed. 
thal i·•. the ~ta!e monopoly was \llll dominant. 

Similar observations can he made regarding infra
structure hotrlc-neck•,. particularly in energy. tran,. 

•f· , .. mpk' iHC' rnllc•I ... rtrl. pr1r,1lcum JHPdll~''· pl\~''''"I. r1mticr. 
-.1hron manE!'..IOC,r. paper .tntl t.:11mprc ...... nr' \er I 111 l1dnl11'1. "f'hin.t 

dear.\ up cnmpamc' ro fttop 41ff1c1itl pr11flftcnn;f'. Hr111rrr: Hn11'"· 
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P••rt and ;;,1mmum.:atl••n,. h•r C\ampk. !he energy 
b,1uie-ncd. bc.:amc a.:u:c m 191''1 after the mdu,1rtal 
'c..:t..r grc" b\ ••\Cr ~II per ..:cnt m N:oi:o.. 1ripk the 
p.mcr gr••\\ th ralc tf\.- per ..:ent f,•r ck.:1n..:il\ pr.•du..:
tit1n and t>. I per .:c:nt f1•r ..:••al pr<•du..:tion I. The long
term energy plan cm ''ages a - per ..:cm annl!al gr<•\\ th 
"f dc:.:tr i..:uy until the: end ,,f the ..:cntury. (fo, j, hkc:ly 
tn set a phy-.i..:al -=••n,.traint for the mdu,.tnal 'e..:h•r It• 

remain at .. in!?k-d1git gr.>\\ th rate'. 
The three-year C&:••nllmii: adju,.tmc:nt programme 

..:<lntains b<•th mai:ro- and nui:ru-p<•lii:y c:lcmcnh 
affecting industrial gn•\\ th by attcmp•ing Ill ,..11\c the 
ab••\c:-mc:ntilln;:d prt1blem ... \taj<•r item" in the: pai:kagc: 
arc as follo\\s: mt1netary and fisi:al s4uec.rc" 1hat 
infringe: upon entcrpri'c ai:li\itics: g<•\er;imem c\pc:n
diturc., that attempt t<1 ca'c rhc mi .. matching ,,f 
industrial ••utput and infrastrui:tural bt1ttle-nei:ks: and 
intr<l<lui:ti.111 llf an ""entcrpri .. c &:llntrai:t system··. 

Clln.:erning monetary and fi..i:al -.qucc:cs. the: 
Gmernmc:nt tightened i:redit in 191\9 largely by 
reducing public imcstment prujei:i... These project., 
ha\c been usually finani:cd by mllncy i:reation. \luney 
supply jumped by ~ti.S per cent in 11.J!..S. compared 
"ith 19.~ per cent in 19S7. but the late"t report 
indii:atcs only 9.!\ per .:ent gm" th in mt1ney .. upply in 
l<JS9. • Though the grip may be: somewhat llloscned in 
llJ90. tight i:redit i" expei:ted to continue. 

Wuh rc-.pc.:t Ill the problem of -.hortagc .. (of. for 
example. ra" materiab. mtermediate input... energy 
and transport). the plllicy po.,llllln appears to be 
t1ricnted ltl\\ ard m11re ct1ntrol than in the past. :\ 
(j,nernment rcpt1rt states the foll••\\ ing: 

.. In industrial pr.1dui:ti1m the State will set more 
mandatory targets this year for 'ome major ra\\ 
and semi-fini .. hcd matcriah and product.. in "hon 
supply ... \fore key and scari:c material' will he 
distributed solely by the State. We "hall .ibo place a 
proportion t1f the ,ak' by enterprise., of certain 
important mean' of production under "talc guidance 
m order to guarantee production and con,truction 
of key pr .. jecb .. pccificd by the State ... We shall 
al-.o introdui:c a public 'aks 'Y'tcm and tl\ price 
i:cilings for major mean' ol product111n manufactured 
and sold by enterprises outside the State plan ... •• 

:\t the cntcrpn'e le\el. the Cio\crnment i' abo 
trying It> cxcrci-.c th C•llltrol by intrnducing a .. con
tracted managerial re,pon,ibility 'Y'lcm ... The "Y"tem 
could take \aried form ... hut es,entially the amount of 
profib retained hy enterpr,,c, i' conncctcd to the .total 
\\age bill and .. O\erall enterpri'e performance .. to he 
defined by annual ncgotiatinn bc:t\\ccn the State and 
the manager. Tht• negotiable item' include planned 
allocation nf energy. fa\\ materials. 'emi-fini,hed 
materials etc .. in ex..:hange for a certain amount of ta\ 
payments. 1111\\ thc'e ne" de\i.,;e, "ill work 0111 

lo\\ard greater effi..:icncy o\cr the earlier planning 
method remain" 111 be 'cen. 

•1n p.1rt. rhc ... :11ntr.11.:r111n ill nl••rlC.-\. 'upph llfl)f!n.11('"" lr11m lhr 
tlc~1,1nn nl lht' ( 10\.('rnmc.·nr in ( k:tnht"r l'l>CX 111 po,tpnnl" IM.000 

.,;on,1r11.,;11nn prn1('1...1' unoh lf1)t 11 h11J1nn \11,1n rrnnunh1 \4.nrlh 111 
m,c,rmcnr ln.tn' 

.. Sec /011 .l1dh11n.a. "Rrpnrt "" 1mpkmrn1.a11,.n .. 11hr l'IX•) l'l.an 
lnr 'i.1t111n,1i f ,,m.11111·~ .inti S1•..:1.1l (>c,rl11rmcn1 .ind the· l>r.11t Pl1>o 
l'J.in". ,,, prin1r1J in Hn/lfr~ H1·11""· ,,,1 II.-.; .. I' 1~1.:•1 ·\pril 
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Whik tfome..uc reform mc.-asurcs reprc .. em a retreni:h
ment. the reform mea .. ure .. <•n foreign dirci:t 10\ e .. 1-
ment hn\ard ~realer libc:rali.ration pr••\ 1Je, a &:<1ntra-.1. 
In .-\pnl 1990. the (j,nernment rc\i,cJ the earlier 
1 l'r-11 la\\ on J••mt \enture ... adding -.e\cral important 
feature-.. Fir-.t. the ne" la\\ did a\\ay \\Ith the lime 
limit t>n foreign ..:<•tllrac1'. The purp,1-.e '" t.1 CIK<lUrage 
f..rc1gners tn keep on in\c,ting. W;th a time hn•;I the~ 
bc:..:.ime reluctant tn i1ncst in their t1pera1i,1n a-. the 
end ,,f their .:••ntract Jre" near uhe a\crage ha" b~n 
14 year:sl. Sccondly. a foreigner i-. no\\ a:1,1wed to 
t.·hair the board <lf jnint \enturc-.. Thirdly. the State 
\\ill not nationali.re <1r expr.,pri.ite jt1int \en tu re ... 
Finally. a joint \enture need not ncce:s,;irily u'c nnl:• 
!he Bank ,,f China for its remittances abroad: am 
h;rnk \\ ith State appro\ al hl handle li.lrei~n e'\changc 
tran,actions "ill do. The apparent aim of these 
rdorms j., to aural.I more foreign capita!. techn.llogy 
and skilb in management and marketing. The .. e 
mea,.,ure., may. to a certain e\tcnr. compcns:itc for the 
i:urta1kd d<lmcstic im es1men1 under the austerity 
programme. 

Bet~cen l<J79 and 19!<9. 21.7.N pr.ljci:h ha\C been 
appnned. with a 1t>1al contractual ill\c,,tmcnt of 
S33.X billion. But only S 1-l.<J billion ha\c i:>ccn used. of 
"hich St>.'} billion came from ethnic Chinc:sc abroad. 
Recently. China has bccn t:rging foreigners 10 imc .. 1 
more. especially Japanese companies. whii:h appcar 
rather cautious. Although Japan·s direct imcstmcnt in 
China has more than d.lublcd bct\\ccn 19S4 and llJS!\ 
ffrom S.:!25 million to $514 millionl. th.: rate lags far 
bchind 1hat for other regions f.,cc table II.~). Japan·, 
total direct in•;estmcr!I ha:-. grth\ n ni·arly fo·efold 
Jurir.g the 19!<4-19!<S period (fr,1m Siii.:! billion to 
$47 billion). Japan has been the target of i:ririci .. m a-. 
tending ll• mn\e too 4uickly into orhcr countric' and 
regions. Japan ha" also bc:en the sci:nnd-largcst trade 
partner of China fscc table 11.451. It remain' to b.: 
seen whether the more libcral foreign direi:I ill\cst
ment policy will 'timulate greater forc:ign direct 
imestment acti,·itic' under the austerity programme 
currently in effri:t. 

To 'um up. China is still .. earching for an op1imum 
mi\ of central control and market mei:hanism. This 
pro\idcs a challenge not on'·· to China. hut to some 
Ea,rcrn European countries as well. The trial-and
error method demands patience. time and money. The 
'hort- and medium-t.:rm outlooks J,, not seem to 
allow unmi\ed optimism. 
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K. Concludini: remark\: an} '"""°""for lhc 1990\! 

The: spurt of glohalitation in the manufacturing 
economy in rc:cent ~c:ar' has hroughl more competi
tion among producer,. diffu,ed ne\\ technologies in 
wider area,, and inac;ised interdependence hetween 
them rhrough greater rrade and ime,tment. Thi' 
world-wide procc" 'eem' to he playing a part (an 
e\,enrial part according to \omc: ;in;ih:.r'I in 'ustaining 
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the eighth ~c:ar .,f gl<lbal output c::1.pansi<•n. The: 1.mg
run pro,pcct appear' pr<•m1sing c:'pcciaH~ bc:\:;rn .. c: 
rc:lc:ntks' gl.,bal C•lntpc:1i1ior1 sc:cm-. c."lln:li\c: m 'up
prc:ssing pri.:c: mllau.m :md ;ncrc:asir.g pr.lducli' it~. 

The nc:" global c:mir.mmc:nl. h•l\\C:\~r. ha, fa1kJ l<l 
hdr c.,untc:ract increasing gap' .,f inc.,mc:. pnlducuon 
capaciiic:s anJ tn:hnol.,gical 1.--apabilitic:s C:\C:n am.mg 
Jc:\ eloping regions. The: regional re:\ ic:\\ clc:arl ~ brnught 
out the: ba .. ic Jiffc:rc:ncc: betwc:c:n Tropical Africa and 
Latin America. <m the: .me: hand. and Ea't and South
East . .\sia. on the: other. Docs the: Jifforc:ncc: contain 
an~ lessons and guidance: for the: nc:'.\t Jc:cadc:·~ 

E'.\peric:ncc: as well as C<lmmon sense: tc:achc:' that a 
dollar borrowc:J abroad has h• be rc:paiJ ulumatc:I~ 
with a dollar earned abroad through c:fficic:nt imc:st
mc:nt. produ..:ti<m and c:'.\po t. But in Latin ..\mc:nca 
and Tropical Africa. this route: of earning and 
rc:pa~ mc:nt has not been possible on a sufficient scale:. 
Consc:4uc:ntly. when payment.> became: due. the: 
borrower has had to s4uc:c:1c: consumpti~•n. in\c:stmc:nt 
and imports while: expanding c:'.\ports. This approach 
has meant an immediate immiseri1ation of !i\ing stan
dards of the: population whose inic:rc:st was originally 
intc:ndc:d to be: sc:n·ed but was actually \ictimi1c:J in 
the: c:nd. 

What appears more dangerous than a reduction of 
consumption lc:\c:ls is the: rc:Jucti•m of im c:stment that 
will dc:tc:rmine production capacity in the 1990s. It has 
been r;:p,mc:d that in Latin America. per-'' orker 
im·c:stmc:nt fell by o\cr JO per cc:nt during the: decade: 
of the: 191\0s. This pr.n·iJes a warning signal: the: 
inability to produce: and export \\ould prompt Jc:bt<lr 
countries to borrow more: just hl be abic: 1<1 pa~ 

interest charges <m ~nowballing debts. 
Furthermore. intc:rc:st rate' arc: nnl Jc:tc:rminc:J h~ 

polic)·mak:rs in debtor countries. hut by central 
bank::rs of Jc:,·c:iopc:d countries. This mc:ans -that the: 
latter will determine the: magnitude: of interest charge' 
for the: debhlr countries yc:ar after year with link 
regard gi,en to the debhlrs· abilit~ to repa~. This 
prospect i~ appalling especiall~ because: many highly 
indebted countries ha\e a large part .if their deht •m 
\·ariahle interest rate: ... for instance:. mc:r 9.~ per cent 
for \"c:nc:zuela ar.J o\er XO pc:r cent for Bra1il and 
!\iexico. Thus. the financial-market risk~ and uncer
tainties arc Jisprnpo~tionatc:ly home b~ debtor coun
tric\, and the negati\e impact~ of instability accrue 
largely to industrial sector in\estment in debtor 
countries. 

l:ndc:r the circumstancc:s. the eroded indu,trial hase 
could he perpetually Jepri\ed ,,f new ime,tment 
needed for increased production and export' of 
manufactured good,. and ultimate!\ for dc:ht pa~ ment 
in the 1990,. Exports of primary g.1ods alone. it is \\ell 
recogni1eJ no\\. \\oulJ not suffice l<• pa) for dehh. 
The declining trend ,,f imestment during the 19Xfl, 
mu't he rner,eJ during the earl~ 19911s-a formidable: 
challenge for policy-maker' deeply preoccupied with 
the short-run urgenc~ "' 'cn1ce the Jehl and lo lighr 
inna1ion. 

The need for a strong industrial hase ha' been 
amply demonstrated hy Fa'I ,\.,ian experience. lard~ 
including ASl'.A~ countric:'. These countrie' h;l\·e 
faced c:xtern;il shocks durmg the I 9XOs similar lo those 
of l.;illn American and the 'uh-Saharan countries. Rut 
rhn could withstand the shock' thank~ to their 'Iron~! 



industrial competiti\·cnc:.s. :\s m.,rc .. tud1cs arc t.:•m
ductcd. the IC">sons coming from the region bcc,•mc 
dear. Manufactured go.xis pr.'Nim.--cd in th~ coun
tries ca:t compete in intcrnati.mal marl.-h m pri1.--c and 
qualit~. And the competiti\cncss resulted fr.>m learning 
new tcchnolog~ and upgrading their mdustnal struc
ture year after ~.:ar hlward a higher k\·:I of tech
nology content. 

Crucial to the -.u-:ccs:. and speed d in<lustrial 
transformation has been a dear rerformam:e criteri<m 
that e\·eryone has understtl<'Ni. and rewards and 
inccnti\·cs giu~n according to that criterion. The 
,.-olume of cxp.•ns an enterprise achie\·ed during a 
year scn·ed as the criterion in East Asia. The incerti\·e 
measures included subsidized loans. tax holida)>'S. free 
information scn·iccs for new tcchnolog~·. preferential 
depreciation allowances and. not least. s<>eial recogni
tion. These inccnti\·c:s ~·ere libcrall~· granted to enter
prises that would \·cnturc into new products. nc"' 
markets and new· technologies. The market forces and 
competition. especially in international markets. took 
care of the res!; that is. the winners secured the 
resources needed for expansion. Getting inccnti\·cs 
right was more imp.mant than getting prices right. 

Ir. general terms. upgrading the industrial structure 
implies an effort to change the existing pattern of 

.,;,,mparall\C ad\ antagc. In •llhcr words. new cumpeti
ti•c: pr,,Ju.:ts arc: ..:rcated b~ learning new tlXhnol••g)> 
and the -.kills required to pr.'Niu1.--c ar.d sdl. Poli.:~·
makc:~ tn East :\o.;ian countries rejected the dictate: of 
static or c:,i,,ting comparatl\c ad\antagc as a loni
tcrm guiding principle. l he)> w an~c:d to change: it. and 
succeeded. 

The qucsti••n rc:main,, whether polic~-makcrs in 
Latin America and Tropical Africa should adopt a 
simtlar policy stance:. The htst•.Jr~ of •)ne rc:gi•m c:mnot 
be transplanted. but the inner logic of cllicienc~ and 
stratcg)> could pr<n idc guiding principle ... Apparent!~. 
it is not just an accident that Eastern [urop.:an coun
irics arc try·ing to introduce a competill\>c mechanism 
in their own :>~stem. and to integrate it with the world 
economy and w.nld-k'cl tcchnolog)> through joint 
\·enturcs. In Poland and Botswana as well as in Peru 
there is a need to mas!er new tcchnolog~·. And it 
seems impcrati\·c to establish new priorities and as 
well as institutional and industrial re-tructuring for 
grcatt:r competiti\·enc:ss. But optimal strategics differ 
depending upon historical heritage and the stages of 
industrial dc\·clopmcnt reached by the countries con
cerned. lJSIDO should be ready to help those wh•.J try 
to help thcmsch·cs. 



m. lndmtry and environment 

In recent years • .,-orld wide attention has been focused 
on em·ironmental d'..-gradation as an issue of crucial 
importance lo the sun·i"·al of man~ind and a major 
arena for international co-operation. Despite the 
shared perception and heightened a1nrenos of em·ir
onmental issues. en\'ironmental dcgradauon continues 
unabated as th~ global em·ironment is constantly 
bombarded on all fronts by impure air. Ctlntaminated 
water, oil spills. toxic wastes. acid rain. global 
warming. chinnint> of the ozone layer. desertification. 
~forestation and soil erosion. 

Emrironmental issues arc all-encompassing and inter
dist.;plinary in nature. and cul across all de\·elopmcnt 
acti\·ities. In particular. the pressing global issues of 
population. natural resources. em·ironment and eco
nomic de\'elopmem arc all closely interlinked. It seems 
essential. therefore. that the question of industrial 
pollution should be considered in a broader context of 
the complex interactions among these issues. 

A paradoxical situation exists between the ~orth 
and the South in the cn\·ironmental problem. In many 
countries of the South. mass po1•crty is the root 
cause of cm·ironmental degradation. Since the United 
Nations Conference on the H•1man En\'ironmcnl. held 
at Stockholm in 1972. it has been widely accepted tku 
po\·cny linked to exccssi\·e population growth is the 
most important cause of pollution. and that the 
impro\'ement of en..-ironmental conditions can be 
achie\'ed only with de..-clopment. Ahje .. ! poverty. over
population and intolerable living conditions in many 
regions of the South force people to resort to 
en\·ironmentally unsound farming. grazing and fishing 
or human settlement on ecologically fragile marginal 
lands. gi..-ing rise to en\ironmental disasters such as 
desertification. deforestation. flooding and depiction 
of lop soils. L'nlreated human and other wastes 
dumped into the nearest body of tlllwing water remain 
one of the most serious en\·ironmcntal concerns: four 
out of fo·e common diseases in developing countries 
arc caused either by Ctlntamina1cd water or unsanitary 
living C''"ditions. The result is a "·icious circle of 
po\'erty k ling to environmental degradation. which 
in turn fu ... c.:r impoverishes the larger population by 
d,.qroying the natural resource base. 

IJy contrast. environmental damage in developed 
<.:ountrics has been cau~cd by consumerism and 
materialistic life-styles supported by the mass produc
tion of a bewildering array of goods and services 

which consume energy and exploits natural resources 
in massi\e scales. 

Em·ironmcntal degradation in either form can cauS< 
irre..-ersib!c changes in ecosystems and play havoc with 
the natural resource base upon which many countries 
continue to depend on for industriz.lization an~ 
.:conomic de\clopment. Industrialization is a means 
co fight against pm·crty aild its primacy as an clement 
of de\"clopment strategy can hardly be called into 
question. But unconrrolled industrial dc\·clopment can 
bring about damage to the cn\·ironment and deplete 
related natural and en .. ·ironmcntal resources. Against 
the backdrop of deepening cmironmental crisis. 
em·ironmentally sound industrialization seems to be of 
paramount importance. Abtwc all. cn .. ·ironmentally 
sound industrial de\·elopmcnt calls. inter alia. for 
rational management of natural resources and adop
tion of low-waste or cn .. ·ironmcntally clean tech
nologies. '.\fore: imp'.lrtantly. in recent ~-cars. there has 
been mounting c\·idence that growth and en\·irorment 
do not neccssaril~ conflict with each other and can 
e\·ol\·e in a complementary fashion. Many new clean 
or low-waste technologies cannot only reduce pollu
tants substantially. but can also economize on the use 
of energy and raw materials to such an extent that 
resultant material and energy cost sa\·ings can more 
than offset ini1ial higher im·cstmcnt costs. thus lower
ing the unit production cost. Many such actual 
examples will be gi .. ·cn later in the present chapter. In 
short. the new clean or low-waste technologies arc 
economically profitable in !heir own right in many 
cases. 

As discussed earlier. em·irnnmcntal issues cut across 
all sectors of the economy and national boundaries. 
Industry is only one of many sources of environmental 
pollution in the economy but a ..-cry important one. 
Agriculture. mining, energy. transport. services and 
households all contribute in ..-arying degrees h> all 
forms of environmental degradation. The rclati\c 
extent to which industry is responsible for the overall 
environmental degradation is little known in de\·el
oping countrie.-.. The relative importance of industry 
in erwironmental degradation may vary considerably 
according to different types of pollutants and to the 
wide variety of natural resources used in industrial 
processes. In assessing the impact of industrialization 
on the en\'ironmcnt. it is important to recognize that 
rapid structural change in the world industrial land
scape fuelled by dynamic technological development 
may bring about far-reaching environmental chang:s 
in different regions of the world. This is simply 
because changing wnrld patterns of industrial produc-
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lil>n can ~hif1 1he dis1ribu1il>n llf en\ ironmen1=1I 
prl..,.suro creah."\l b~ diffrrent ind us I riai acli\ itics. and 
ii.:·.•· :ech'"ull••!?ies ma~ llpcn nc" a\.:nu~~ for reducing 
0ndu:o.lrial r"i!uti•ln and C:Cl'n~1:ni1ing on the US(' tlf 
ru1ural rc~o:irces. 1,, this 1cgard. it seems impor1an1 10 
no1c a marked 1edcplo~men1 ii'! 1hc pasl decade fwm 
the: !'liorth l<l !he South of !radllilmal industries such 
as 1e:uiles. lc:a1hc:r. iron and steel. industrial chemicals 
and pem.x:hemicals. At the same: time:. 1he '.'orth has 
forged ahead wi1h the growlh of new 1cchnology
bascd industries such as micw-c:lc:ctronics. informa
lion-proccssing and biotcchnolog~·. For instance. 1hc: 
MV A of 15 manufac1uring indus1ric:s in dc:\·eloping 
counlrics grew at leas! lwicc: as fast as their counter
parts in 1hc: ~orth during the: period 19!10-19115: 
included wc:rc: lobacco. pelrokum refineries. h:,tilc:s. 
other non-m!nc:ral products. f,1od products. be\c:rages. 
foo1wc:ar. wearing apparel. wood products. glass and 
glass prnducts. ponc:ry and china. iron and steel. 
industrial chemicals. pe1roleum and ct.~al pr.xiucts and 
non-ferrous mc:1als t[ I j. p. !06). The: dc:\·c:toping 
counlric:s as a whole ha\·c: yet 10 make: a significant 
penetration into the: domain of high-technology and 
skill-imc:nsi\·e induslric:s such as micro-electronics and 
information-pro!:c:ssing c:quipmc:nL 

This o\·c:rall lrc:nd 1oward rapid growlh of 1radi
tional industries in dneloping coun1ric:s seems likely 
to accelc:ra1e in 1he 1990s. and many of !hose 
1radi1ional rnanufac1uring indusiric:s are known 10 be 
hc:ny pollulc:rs. As a result. such s1ructural change 
could lead to increased c:m·ironmental pressures in the: 
Soulh. unless dean and efficic:n1 tc:chr.ologies are 
adop1ed on a large scale:. and could mitigate burdens 
in the: North. particularly as a result of the: combined 
effects of imprO\·ed energy c:flicic:ncy in indus1ry and 
s1ruc1ural shifis away from energy and ma1c:rial
intc:nsi\c: industries. 

Howc:\c:r. the: growing 1c:chnology-basc:d industries 
{such as micro-electronics) can crc:alc: new lypes of 
pollu1ion problems. since: some: 1oxic ma1erials arc 
used in their produc1ion prncc:sses. and hence can 
produce: more: complex toxic pollulants inslc:ad of 
lraditional p<lllutanls. These include hea\y me1als. 
loxi~ air and l.\alc:r pollutanis and ha1ardous \\astes. 
Wor~e yet. the: emironmen1al imr,acts. of some: of the: 
high-technology industries is not well known. particu
larly in '\ICh areas as biotechnology or n:w materiab. 
The problem of industrial pollution from high-tech
nology industry "ill he examined later in greater 
detail. 

In \ic:w of the foregoing analysis. it seems c:~:sc:ntial 
to present a clc:ar picture: of the en\ironmc:ntal 
prc:!>surc: of each indi,idual manufacturing industr~ as 
well as 1hc: manufacturing sector as a whole: in an 
economy-wide context. Without a firm grasp of such 
information. the: c:m iron menial implications ol i1Hlus-
1riali1ation in the South cannot he dra\\a clearly. In 
the: following stud~. a tiroad perspc:cti\e is prc:~entc:d 
of whc:r.: the: industrial sc:clor stands 1·H-ci-1u olhc:r 
sectors of the economy in the depletion of broad 
categoric:!> of natural resources: 1ha1 is. watc:r. energy 
and raw material' on the: input side:. and in the 
generation of selected air. water and land pollutants 
including ha1ardous wastes on the output side. This 
sectoral o\eniew of emironmenlal pollution will then 
he: followed by a more det.1ilcd analysis of industry-

92 

specific polluti;ln w i1hin 1hc manufacturing sc:cll•r. 
and final!~ of selected pro1.--ess-specific industrial pc.•llu
lants \\ithin a gi\c:n mam1fac1uring branch. The ~tud~ 
concludes with a re\ ic:" of the economic implicatilios 
t>f prom~l!ing emironmentall~ '\ound industria: dC\c:i
l•pment. and particularly 1hc: question of conflict l•r 
complementarity which may exist between the emiron
mo::nt anJ indus1riali1a1ion. It should be n<HC:d at the 
outsel that the terms ··industry·· and ··manufacturing .. 
arc interchangeably used in this s1udy. referring Ill the 
manufac1uring sector proper and excluding mming 
and public utilities. 1:nlc:ss olherwise specified. 

2. n.~ r~latir~ importanc~ of inti.stria/ Joarc~s 
in o•·~rall ~n•-ironm~ntal tl~gratlation 

Industry plays a crilical role in economic de\c:l
opmc:nl and in enhancing 1he economic welfare of 1he 
popula1ion. lndus1ry produces a wide: range of con
sumer goods and. more importanlly. a whllle range of 
inlc:rmediatc: and capi1al goods for other sectors and 
branches of the economy such as agricullurc:. sc:n·icc:s. 
mining. cons1ruc110n and u1ili1ies. as well as 1hose 
required for di\·c:rse manufacturing industries. It 
generates substantial employment in producing those: 
consumer and im·c:stment good'\. and is the: mos1 
dynamic sector of 1hc: economy in generating and 
diso;c:minating technological change. 

Despite: ob\ious benefits of industrial de\"elopment. 
it frequently entails damage to the en\"ironmc:nt and 
human health. Industry contributes io en\'ironmental 
degradation from both input and output side:; of its 
acti\·ities. As summarized in figure II I. I. the produc
tion of manufactured goods in\"ohes the: extr2ction 
and exploitalion of natural resources as inputs to 
manufacluring processes. On 1hc: inpul side:. industry 
is a major consumer of energy. whose power genera
tion is lo a significant extent r.:sponsible for air 
pollution and c:m·ironmen1al damage such as acid rain 
and global warming. lndu:-.trial produc1ion requir,.s 
the use of a wide \ariety of natural resources such as 
minerals. fores! products. and other raw materials 
whose rapid depletion may contribute: h> serious 
ecological disc:quilibriu:n and en\ironmental damage. 
Many industrial processes rely hea\ily on the us.: of 
water. which may create: water scarcity and bring 
about ecological disruption. alth<lugh agricultural 11sc:s 
much more walc:r. In particular. wasteful use and 
depiction of scarce natural resources may pose serious 
long-term danger lo the sustainability of industriali1a
tion and nen 10 the sun·i\al of spc:cic:s on c:arth. 
including mankind. 

On !he: output side. manufacturing proce,.sc:s generate 
the: myriad forms of wa.,te that may pose serious 
emironmental ha1ards. Gaseous by-products pollute 
air; liquid waslc:s pollute the soil as wc:ll as under
ground and surface l.\atc:r: and ha1ardous solid \\astc:s 
lc:ad to !>oil contamination and the: pollution of 'urfacc 
anll underground watc:r. and aho\"C all create puhli<.: 
health ha1arJs. In a similar \·c:in. the use of final 
products produced hy industry for consumption and 
ime~tmc:n! also creates a 'imilar nc:&ali\'C: c:nviron
mc:ntal impact on air. water and land as exemplified 
by pc:stici<lcs. detergent,. plastics and the comhus!ion 
engine: of motor Hhidc:s. In addition. industry creates 
a major prohlc:m in industrial safety--risk of acciden:. 



Agure 111.1. Industrial production •nd enwironmental impact 
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risk of e'posurc to dangerous chemicals and risk in 
th.: work-place. 

As mentioned earlier. the major focus of the present 
study •Aili be on the identification and quantification 
of industrial sources in environmental degradation to 
the e'tent of data availability. in order to prO\·ide a 
basis for dra\\ ing -.ome em·ironmental implications of 
pur.,uing a gi\en strategy of industrial <kvelopment in 
developing countrie ... Each of the major aspects of 
industry on the en\ironment is analysed below. begin
ning with industrial \\ater consumption. Other impor
tant em·ironmental is.,ues such as industrial waste 
management. methods and techniques for environ
mental monitoring and impact assessment. ins1itu-
1ionaL ir,fia~iructurc and investment requirements. 
and em·ironmemal regulations and policies will be the 
subject-matter of fun her imestiga1ions in the fu1ure. 

8. Impact or industrial deH~lopment 
on natural resource\ 

/. lndu.,tria/ K'atu con.,umption 

Unlike other natural resource .. sach a' minerals and 
rimber. the lotal amount of waler on earth is constanl. 
estimated al I .40f1 million cubic kilomc1res. Bui 1he 
\asl majorily of 1hi'>. ahoul 97 per cenl. is sea water. 
and of 1hc remaining J per cent. sligh1ly mer :w per 
ceni i" ground \\aler and 75 per cenl is ice. Therefore. 
agricul1ure, induslry and domes1ic use ;.re compellng 
for les'> lhan I per ccnl of 1he .. upply of fre.,hwa1er. 

b·en 1hi'> \Cf~ .. mall share of freshwater supply in the 
total volume of water available on earth is belin;:d to 
be: sufficient to meet the demand no\\ and for some 
time in the future. The world"s water crisis stems 
mainly from its e)l[remely u:te\en distribution of the 
supply of freshwater [21. The key issue is not so much 
the scarcity of freshwater as the cost of deli\cry of 
usable \\ater to where it is needed. The supply costs of 
water are rising partly because of the necessit~ to 
carry water (wcr longer distances using costly energy
using distribution systems to meet in.:rea~ing compe1ing 
demands. and partly because of additional water 
1reatment costs "'·here lower quality source' arc 
tapped. 

Agriculture consumes mos! nf freshwater. aboul 
7 J per cenl of the llllal supply. used mainly for 
irrigalion; industry uses much less. about 21 per cent: 
and domestic u .. c is fl per cent globally acc1irding 111 

the lJNEP cs1imate [ 21. Although !he industry share is 
much smaller 1han 1ha1 of agriculture. indus1ry pnllutcs 
the wa1er more. Ahhough more than !<II per cenl of 
1hc waler used for cooling and cleaning is re1urned. 
1he returned water is often contaminated by indu .. 1rial 
eflluenh and lhermal pollution. 

The share of indus1riJI waler in 101al \\ater demand. 
however. \aries sub:;tantially among countries. since 
!he 'hare of induslrial waler demand i' expecled lo he 
a funclion of a number of fac1ors. such a' !he ... rage of 
indus1riali1a1ion. resource endowmenis. 1he '1ruc1ure 
of !he ec11nomy. !he composi1ion of manuf;u:lured 
0111pu1. gl'ographic and climalic c1indi1ion,. prc\ailrng 
proce'' lechnologie,. populalion dr·1\ll~. e\lenl of 
urh;in11a11on and man~ other "11:10-cc(lnomic factors. 



Figur(' 111.2 prtnidc:-. a c<1mparist1n t1f lo!al pc:r 
capita \\llhdrawab. share: d1-.1nhu1i<•n b('1wc:c:n 1.hf
kren1 u-.e-. artd ~t\":\ sh.ire: of (il>P in sdc:.:1c:d 
c,1un1ri('s_ The figure: r(''. eab "ide \ ana1i11n-. in 1hc: 
indus1r~ share: ra11~111g fr:•n1 I per cc:ni in lnJ1a t.1 
l\I per cc:nl in C1n·hllsln\ak.ia in 1he l~uc: 19Nh. In 
general. mos! cnuniries wi1h a small indus1rial base: 
measured b~ the ~t\':\ share of CiDP shtlwed !he 
smaller share: <'f withdrawals for industrial use. w i1h 
!he greater percenlage l11r irrigati<in and agriculture: 
{India. brad. Me\iC•>. ~tonglllia and 1hc: l'.ni1ed 
Republic nf Tan1ania). and 1he conwrsc: is !rue for 
mtlSI Ea-.tern European coun1ries \\hich pul an 
emphasis on hea\~ indus1ry 1C1c:.:ho-.lo\'akia. German 
Democra1ic Republic and Poland). Japan\ rdati\el~ 
low share of industry waler "ithdrawals despite ils 
ad\·anced s1age <lf industriali1ali<>n ma~ rellect th~ use 
nf wa1er-dlicien1 technlllogies. 

Table Ill.I summari1es freshwaler wi1hdrawals and 
their share dis1ribL1i11n between agriculture. main!~ 
irrigation. and public and industry uses in selected 
dneloping coun1ries in differenl years. It seems 4ui1e 

clear fr,im the tahk that the linn·s share llf fresh\\ater 
i-. used for agricullural purpllses and a \C:r~ -.mail 
share ,,f the suppl~ for industry in nh>Sl de\ elt>ping 
counirie' at earl~ stages ,1f industriali1a1i1>n. The 
industr~ .. h.ire is. li.1wner. e\pc.:led "' ri·:e sharp!~ as 
de\ d,1ping C••un1ries accelerale their indusrrialinli<>n 
pr< KC''· as shtl\\ .1 Ill figure 111.2. 

I'here are 1lb\ i11usly "ide \ ariali<•ns in industrial 
wacer use am,1ng differeni manufacturing branches. 
:\ccllrding t<l the 197t> sunc:: ,,f industrial \\ater t.se 
in Canada. hllal \\ :.11er \\ iihdrawal for manufacturing 
was l\.f-o93 billilln litre' per :ear «see table 111.21. Of 
this hllal. the p;iper and allied indu-.1ries acc.1unted 
for _,t> r-:r cenl. foll<lwed b: primar~ me1ab 12~ per 
cent). chemical and l·hemical prllduch I Ii per cenll 
and petroleum and Ctlal products ( 7 per ecol l [ 3 j. It is 
worth noting 1ha1 hea\·: industries pn•ducing basic 
industrial materials such as primary metals. chemicals. 
petroleum products and paper producb. and some of 
the resource-based light industries such as food and 
be\·erages. textiles and leather. tend to c1insume a 
large n1lume of \\aler. m.1st of the lighl indu•ilries 

Figure 111.2. Sectoral water consumption and MVA share of GDP In selec•ed countries, 1960-1970 
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:\ large proporti<>n of che mJu .. crial \\ater supplies 
is usc:J for cooling. For e:1.ample. tner ~5 per cenc ,,f 
t<Hal industry \\a:er use in Bc:lg1um is for .;,1oling. 
while about 1 :.t per cent of total Belgian industr~ "acer 
use i., for processing (see table Ill.JI. l"suall~ hea\~ 
industr~ requir.:s a larger n1lume of \\alc:r th3n light 
industr~ for CtJOling purposes. In the Belgian case. 
industries using more than im per ct>nt ,if the total 
intake for cooling were chemicals. rubber. coke 
manufacturing. steam power plant~. iron and steel. 
;>etroleum. fabricated metal products and mining. 
lndustr~ using a high proporation of \\ater intake for 
processing purposes included paper ( 1 6 per cent). 
leather ( !!O per cent). textiles ( 55 per cent). terracotta 
(60 per cent) and ceramics (60 per cent). 
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A more meaningful measure of industrial water 
requirements may he the water-use intensity coeffi
cient as measured by the amount of water required per 
unit of output. Such water-use coefficients would be 
greatly influenced by industrial products, process
specific technologies and the kind of raw materials 
used in production. Statistics on industnal water-use 
coefficients are very difficult to come by. Water used 
per unit of value-added for broad industry groups in 
the Neth-:rlands in 1967. 1972 and 1976, is given in 
figure Ill.-'· Most notable in the figure is the dramatic 
impro·.·ement in the water-use efliciency across indus
tries in the Netherlands between 1967 and 1976 except 
for rubber. plastic products. and primar) metals. The 
water-use coefficient for the manufacturing sector as a 
whole was almost halved from .10.4 to I!<. I between 
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Figure 111.3. Water-use lntertsity of Industry in the Netherlands. 1967. 1972 and 1976 
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1%7 .rnd 1976. Remarkable gains m water-use effi
ciency were n<lled in this period in the following 
industries: food prncessing. te\tiles and apparel. paper 
and publishing. and industrial equipment. Rased on 
the 1976 coefficients. the hea\'y water user .. e\cluding 
mining and quarrying are. in descending 1lrder. as 
follows: animal products processing (6l5). primary 
me1ab (32.8). petroleum products Lli.X). paper pro
ducts (JO.fl). industrial chemicals ( 25.X) and rubber 
and plastic products ( 21.4) [ 4 J. The enforcement of 
water-pollution control programmes may account for 
a large part of the notable impro,emen1 in industnal 
water-use ef:icienq. 

Once again. basic industrial materials industries I for 
example. primary metals. chemicals. petroleum and 
coal products. pulp and paper) arc shown 10 he most 
water-in1en .. i\e nol only in term~. of !Otal amount used 
as sho\l.n earlier. but also in terms of \l.ater use per 
unit of output. Ry contrast. fabrica•ing and assembly 
indu,1ries such as electrical machin1,;, y I 5.5 ). transport 
cquipmrnt I 5.4). and otht'r manufacturing ~ 5.X I seem 
10 use much less water than basic industrial material' 
industries. 

t\t the process le\'el. apart from differcnr chmaric 
condition'. rhe amount of water required is pre· 
dominantly determined by th'e rype of procc'" tech
nology employed. ( i1\'en a wide range of technologies 
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a\'ailablc for the productiim of a gi,en product. 
industrial water requirements di\ergc: 'harply e\cn 
among different lirm' producing the .. ame produch. 
let alone aero.,., diffcrr:nt prnduch and dilfrrc:nt 
countries. Stati.,tics on procc .. s- .. pecilic \\atcr rc4uirc:
mcnts are relati\'ely .. carcc and fragmentary. In 1976. 
the Cnitcd :\ations assembled r•rocess-.,pecific data 11n 
industrial water re4uiremcnh for a large number 11f 
industries in \'arious co\!ntries. using the questionnaire 
method (5J. Some examples sckcrcd from rhc t:nited 
~ation' data arc gi\cn in <1ppendi\ table 111.54 to 
illustrate \a': inter-industry and inter-country \ana
tions in industrial waler rc4uiremcnh at the proces' 
le\'el. In general. paper and pulp produch and 
chemicals including sy nthctic rubber' tend to the 
more "ater per tonne of output than any other 
product group: •. It i·. \l.orlh noting rhat ";11.:r re4uirc
ment' per tonne ,,f mm and ,1ccl product\ \an 
remarkably. depending on the proccs' technology 
u,ed. a' 'hown in the cases of !'ranee and the t:n11ed 
States. :\l"' the same product may rrqu1re \,1,tly 
diffrrent amount' ,,f \\atcr. depending on "hether 
water recycling trchnolog~ i' u,cd or •111! a' ,ho\l.n 111 
the case of rhe ~etheri.1nds. "here the fini,hcd and 
'emi-finishcd 'tccl proce" re4u1rc' 61.11110 litre' 111 
water per tonne of '!eel w11lwu1 recycling. hut 11nl\ 
27.000 litre' of waler with rec}cling tcchri ·gy. 



h.jt1all: nt>tt:\\ t>rlh\ arc ..:t1n,1dcrahk mtcr-..:nuntr: 
\artall-'r1' m thc.: mJu,tr1al \\;ttcr n:4u1n:mcnh per 
t"nnc o1t the 'amt: pr<>Ju..:h 'ud: a' ... ugar-h<•t:t'. he.:r. 
chee,e. milk. amm11ma. Glll'tlc "'lla ;,wJ ,.,ap. lh:.: 
•.\u.ie \artall•Hh m 1<1Ju,tnal \\att:r u'e 11h\l11u,··. 
rdklt' \\ 1Je J1lkrence' m '.he pr• 1.,;e,, tt:..:hno1i• 1g1t:, 
u,cJ in J1lfrrcnt •:• 1umn::, 

Pr11..:e ...... -k\ d data 'ecm t11 'uggc't that th:: m::::
mJu,tr: ..:11mpari"1n anJ gt:ncralt1at1o1n ••I m<lthtna. 
\\att:r U'\t: heC<>mt:, m.ire Jiffii:ult at th:: rrt11.°t:" k\t:: 
hei:at1't: nl an e \tremd \ ·,\ 1de range "I pr• il.°t:" 
tcd111ul11gie' u ... ed ir. diffrrent indti-tne' and m dl!
frn.:nt i.:11untrn:,. lhe: al"' pr11\1Je a \aluahk le'"'n 
that incn:a,mg mJu,tnal nutput nceJ n11! ne..:e"aril: 
be aci:nmpar.it:d h: 111..:rea ... ing mJu,trial \\att:r re4t11n:
menh. '.\e\\ ·.• ater- ... a\ ing tei:hnnlng: dt:,igned !" 
:ni.:rea'>t: rec1r1."ulat1•>n and \\ater rt:t1'e ean reduce 
mJu,trial \\ala re4uircmenh and at tht: ... amt: tlmt: 
their polluti•>n l•>ad .... Prnper cc11n1>m1c l!lV''ltl\<.:' are. 
hD\\t:\er. needt:d !11 induce indu,tr: 111 adopt \\ater
,a\ ing teehn11lng:. l ht: ... ame hold' l"r energ: i:on
,umption. 

2. lnduHrial energy rnn\umption 

Lnerg: 1' \Ital t11 all ... phere' o! ec•JO•>m1e act1\1t: 
and mdu,tn i' nnl\ nne "! the ... e ... phae .... ·1 ht:re are 
mar.\ different f.irm, .,1 c:nt:rg:: 1111. ga .... e"al. nuelear 
p;;\\er. h:drop1mer and a large number .,1 nt:\\ and 
ren:.:\\ah!e '"urec, nl cnerg:. Lnerg\-,:.:1."t<>r heh;!\ i"ur 
enenm pa ,,e, al I pha ,t:, •>I ac!l\ It: ranging t r<>m tht: 
t:\tradl<Hl. <.•>!1\er,i1>n. tran,port and con ... umpt1"n "I 
c:n:.:rg: t" the: di...p"'al 1;I t:n::rg' ''<hit:,. ·1 ht:,.: 
a..:tl\ltlt:,. l!1 turn. ha\e man\ ,igml1c<int 1mpach 1•n 
h11th tht: t:c•in•>m: and the t:!l\1rorm..:nt. 

It h ''t:li kno\\ n tha: tht: enc:rg\ ... carcll'. c11uid kad 
'" \ :ir1"u' t:\..• in• >m11; pr• 1hknh ... uch a' rnllat111n. 
l"rc.:1gn c:\chang..: ... 4t1t:..:1..: .... mcr::a,rng d::\::l 1•r:ng
c11untr:- d::ht ar~<l t.:\1:n rir• 1du..::1"n dhrupli11n,. ·1 h:: 
c:n\Ir<inmc:ntal impact 11! ..:nc:rg\-,:.:~ll1r <.:Lt1".lf\ arc: 
<.:..Jua:i: ... er111u,. i.n._ 1r .. nm..:ntai pr11hkrri... ,uc_h ;i, <•LIU 
r<1in. th<.: gr..:c:nh111i.....: dt::L!. th1:rmal r 1iilut1•1n <ind th:: 
:!..:n..:ral d::µrad;it1 .. 11 ·•I ih:: 4ua 11t'. 11! <11r. '.\<il::r ;ind 
!JnJ ar..: nau:rh<1t<.:d h:- n •. ::"1"" ::nn)!. 1i-:: It I· 
h•:'.•1nd th:: ''-''re: ·>I !h1, ,!:1d., 1., 1k"_r1hc: lid!:. tt1c· 

rll~1,1Jr ·:n·.,.1r110nlt.:rt:~Jj vdl":..:1..plt:rlll""l <if t.:f1t:rµ:"-'lt.:CT<1r 

~11. .. ~l\JUt:" .Jh:.: n1a111r inl~fiLt ri! 1 h·: '.t.tfl 1 1U.., "'llli~t"' 11! 

t..:rl~rJ.!:• 11n d1tt~rt.:nt r;1r~ ... id tt-1 1: ·.:i'1'.Jr 1 1THTlt:~I~ f;tl~. 

._,,,t::r. land ;ind '"ii" ;1r1d '.1ild lt!t:1 ;ir:: ... 1;mmar11..:d in 
<•rr•::id'"· L1hi1: Ill'' <11.,::ri in·: ·::._:~'-·t:rl\1r11nm..:n· 

:ink". th·.: d·:i•.:rr.11!i<t'!r1:i 1.t !h~ r•:l;1:1·.~ !rno1 1 r!anv..: ri~ 

ri1~: 1ndu-.t;'. ·,h;1;·.: !fl f,1;di l'.Ti'...'f~'. v1fl-.llrilp!1 1 1!; dfl 1 i 
rhl: 1d~nrJt11...,itJ.,r1 1d th·.: ··n·_·1~·.-1nrt.:n ir·. ,.1 '.t1ri 1 111· 

rn~1n1J!aLl 1 .rrr1L' hr.1:H.h:.;, ·. 1.1~h!r1 th:: ;nd·1-.r:-1;:. ~;.:1..t·ir 

'_r1~Jl<! ~ .. ;tk~· :"i,1~.,[~.·: :in ;i,.·_:'..in:.:r1' rt! t;l'.,.' ·~···:·..:n: {q 

·.;, r11Lh rh·: 1n•_I:; ·!fltL '._'..._', 1~ ;, ;1 ·.i. h f1~·. ci, '.1.,:I. :1 

1r1d1. ::iii.r. ;1;;11: .• t.1 ... ! 1r1:l~ :r11I.J !;1c '· L'" ~1·.-,~i · 1:1-

1r1n·•1·: ~. ·:r . . :: i11:i:cni.:. fir 1 r-11::rn. ::1:-•111µr1 ir1<11: .rri:1 

t:ncrv:- v•r•.unip11"n .\1 inc -,arnl'. time 11 rna" o,uµ
gc,t ·,t.;s\, ,,f alin1;it1ng cn\1r11nrncnt<1i h11r<kn I••: 
111,f<Jnv:. ihr••ll)!h 1h•: nr••rn .. r1•1n 11! 1nd11,,tr1;1I cn1:rw. 
d!i 1 ... 1c:nc:. and v1n· ... t:r·.ar1·1: 

: 
11" r.ir:l.!li1:..' n·:! ·.1.·:·:1. ~I I t• ., _•'.!I' Ir. ! ( 0 11 .ir 111 \ :1"' 

: r. r 1 ; • I · 1 • - . 111. ! ·: · i ·: r ~," ·d. :1::11'11 .r. ,, '11·· ff.rl. :1 •(' 

'::i:t11r ..:rt:pt L'P !r<>lll 24 rcr ..:c:nt m !'rll !".~II per ..:cnt 
m I 'h - . and the cn..:rg: L"n,umpt1• •n ,har<.: '•I rc,1dc:n
r 1a!. ..:• >nllll<.:r..:1al ~tnJ ruhl1..: t:'tahlt,hm<.:nt' ;I\ er;1gt:d 
ar.iund .~2 rc.:r ..:t:nt Ill th<.: ... amt: rr.:~1.1J lll)!llrl.'. 111.41. 

FiguP! 111.4. Total final consumpt'on of energy 
by sector. OECD. 1970-1987 
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~: 4: Conversion factor.;: l peujou.le = 1015 joules; I meqatoane of oil tqllinie11t 111toe1 = 41.17 petajou.les; I l!Clat~ 

elf coal eq11nale11t (ltce) = 2'l.ll petajou.les. 
~ · A11Stralia, Austria, Belqia, canada, ll!lstrt, Finland, !'rilllCI!, Genan:, Fedenl Republic of, Cir!eor, Iceland, Iul:, 

Japan, Lllle.bourq, letberl•, llev INiand, lor:way, Portuqal, Spa.i~. Siied!!!, Silitzerland, ~y, tilt United lioqdolt, Crited 
states and flllj05luia. 

i;_· ai!qaria, Czedloslovakia, Cemn DmJcratic Rep!lblic, lfun9art, Poland and to..nia. 
t .5elleqal, llorocco, li~ria and COte d'Ivoire. 
t' lrqentina, llttico, Paraguay and Venezuela. 
(' Oau art not frOI sources, but are a Sl8ltiOll ot individual fuel eonsu11>tiou fr011 sources. 
9' Oata tor aqricultun and residelltial/C09!l'Cial/public sectors an included in tilt 'otller' sector. 
b' COllbination of Ult residential, aqricultural, trade and otller sector.;. 
i. Estimated 1914 COllSUlption of nonco..ercial energy: fuelwod, aqriclll.tlll'al lldSte and ani.U dunq. 
j [ndefilltd 1154!; bal~ of tot.I! cons111ptiou 11MCOJU11ted for in sectoral d.ita. 
~. COlbination of aqrieulture, al9UCial, residentid and public sectors. 
l Oat.I are not fr01 sources, but are a sumatioo of sectoral e!ler:q'i co~tion. 
1: Priury electricity a.id beat are included in toW enerqy co~tiou, but are not presented on a sectoral llllsis. 
D. Rounded t iquu. 

fiqures in parentbeses an sectoral percetaqt sbares. 

electric dri\e. I J per cent for fecdstocks. J per cent for 
electrolytic processes and I per cent for other electric 
processes ([61. p. J96}. 

Industry depends on differenr sources of en:!rg~ and 
1h1s varies among Cl>Untrie.s as shown in figure 111.5. 
The industrial energy use in OECD countrie~ is more 
or less equally dist11h.Hed among four '<JUrces: oil 
(JO per cent). coal ( 25 per cent l. natural gas ( 2) per 
cenll and electricity (20 per ceno. In rhe 11SSR and 
Easrern Furnpe. industr~ relics hea\'ily nn hoth coal 
and natural ga~. Coal is the domir.ant source ol 
1:ncrgy for industry in Chin;i (67 per cen!l and India 
(72 per cent). Rra/ilian mdustr~ depends on hydro
electricity (·H per ccno and non-coal 'olid fuels 
( ·'5 per ccnl) -.ud1 as fuel wood. ;ind hiomass. Oil is 
alsn important for Indonesia (50 per cent) and Wes! 
Africa (7J per cenl}. hut lndone\ian industry is also 
helped hy nawral gas (40 per cent}. 

Since OPFC firsr 'cnr oil price' soaring in 1973-
1974. coal con,urnption has risen sharply. In the 
19Xll\, world consumption ro.,c over JI per cent e\en 
after oil prices dropped hy more than 50 per cent in 
19X6. Coal con,umprion increased sharply in China 
( 5J per cenl). Turkey ( 400 per cent). the Rcpuhlic nf 
Korea ( 170 per cent} and Canada ( IXO rcr cent) 
during rhe period of 1978-l9KX. while consumption in 
the Soviet I Jn ion and Briwin wa• down hy Ill per cent 

91! 

and 7 pc:r cent respccti\ ely 171. Hectricity generation 
claimed the lion's share ,lf Cllal consumption. Bet\\een 
70 per cent and 90 per cent of the to!al 4uantity of 
coal consumed in ccntr;illy planned economics i-. 
utili1ed for electricit~ g•:nerarion. :\mong Ol'C() 
countries. !he pen:entage ot' cic.:..:tric1ty generated fwm 
oil dropped sharply frt>m 25 per cent in 197.' to 12 per 
cent in 19X~. while the coal share dimhed from .n per 
cell! to 41 per cenr in 191'3. Glohall~. the cnal share 
ranges from 55 per cenr in the linited States. 70 per eenr 
in the I '.nitcd Kingdom and 64 per cent in the Federal 
Rcpuhlic of Germany to D per cent in .Japan. although 
some counrrics with rich waler resource' arc highl~ 
depend::nt on hydroelectricity. parricularl~ :-..;orwa~ 
(99 per cent). Canada 165 per cent). and Sweden 
( 5x per cent) If n p. 209 ). 

(ii\ en the large known coal rcser\e' \.\orld-wide. ll\cr 
600 hillion tonnes of hard coal and hrown coal. the 
increasing u1ili1ation of coal may represenl a \iahlc 
altcrnaliH source of energy in face of diminishing nil 
re,encs. However. major cn\·ironmcntal concern' 
ahout increased coal utilitation ha\'e heen raised. "' 
coal comhusrion produces sulphur dio\idc and orher 
pollutants con1rih111ing 111 acid deposition with effcds 
on hun;an work-. and r.atural .,:.:.,,:•.,klih. \t .. r..: 
'pccifo:ally. rnal comh11,fion generates a considcrahic 
numhcr of gaseous and liquid cfllucnr., a' well as solid 



Figure 111.5. Industrial energy consumption by sources 
of energy for selected regions. countries and economic 

groupings. 1980-1987 
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fr,,m !he rdati\ d~ ''di-Im''" n c:n' irllnmental .. igilill
..:an..:e ,,, -.ulphur J,,,,ide .... niirogen ,,,idc:" and ..:arh<m 
nt<>n••,iJe. 1hc: h~Jr,ll:art>.in-. in the tlue ga-.c-. a ... 
\apour are [argel~ pt>[~..:~di..: ;H<>mati:.: h~1.fr<>Carb,1n" 
Ip_.\ I hi. '.\tam P·\ II ..:•>mp,iund ...... u..:h a, bc:nlll(a 1-

p~ rc:ne are ..:ar..:in,1geni.: and c11uld he p.•teniiall~ 
danger.•u" in ... pile 11f 1he1r [,1\\ ..:1•n..:emra11<•n' in 
emi,.si"n' l('ij. p. 91 L The bulk ,,f bc:n/l•lalpyrene 
c:mi,. ... i,m-. 1<1 1he a1m,1,.phere "'1rld-\,ide 1•ngina1e' 
fr,1m .;,1al ,.,,ur..:e': ..:1•al healing and po\\er gem:ration 
H- per ..:c:nt I. mdu-.trial ..;,1ke produ..:li•>n I ~O per ..:c:nll. 
and ,1pc:n·hurning nf ..:oal rc:fu ... c: I l..S pc:r ..:enll i...ee 
1ahk 111.t-.L It ... c:em" dear 1hat a" de\d••ping ..:<nmme" 
dc:pc:nd increasing[~ on coal a ... an allernali\e -.ource nf 
enc:rg~ f,>r rapid inJu,1riali1a1ion. the em irnnmental 
prohkm" ,,f ..:t>al cnmbu-.1i11n ... u..:h a' acid rain and 
thermal pollutit•n ""uld abn bc:c1.•me -.crious and 
..:nuld pnse a form1dahk chalknge h> a ... ustainabk 
de\eh•pmenl s1rateg~. unk'' nwre em irnnmentally 
"'und ..:<•al-..:ombu ... ti.m tc:..:hnol<lg1e' are de\ d,1pc:d 
and adllpted. 

Data on industrial energy C<ln-.umpti<>n at di,
aggregated manufacturing indu-.try k\eb are rdati\ely 
... carce. A 19!it> ... un·ey of l "nited States manufacturing 
industrie' ..:ontain' de!aikd stati,tic' on manufacturing 
energ~ con .. umpti<m (IOI. Table: 111.7 .. ho"" energy
use c11etlicieni-. at the twll-dign Cnited State" indu'
trial da,.sification k\eb for the period 19!\11-19S5. 
where the energy-use coefficient i" mea ... ured by the 
ratio of energy c1•nsumption 111 the C<>nstant dollar 
\alue of shipments. :\ decrea ... e in the coefficient 
sho\\s an imprn\ement in energy ellicu:ncy. 

r~!~ r::-~ ~:: ... t~tt>!~;,;,~::rfl!Lili~~J<1.~ ~ft~· 
Sourre Worid resources 1988 1989 1N•:w York Bas•c B·~ks. T!\881 7or.~ ~r !~.I!" 
Nore Dara for Ch.na 1980 Braz.i and Easrern Europe 1983. lnd•a 

lndones•a. Lahn America and West Africa 1984. Orgamsation for 
Ecllnom•C Co-opera!"'" and Oeveropm'!nl coC1ntr:es and Repubilc of 
Korea 1985. and USSR 1987 

"astes. The eflluents fwm a coal-fired p1l\\er plan! 
generating I JllKl megawatt-. of electricit~ per year are 
li~ted in 1abk 111.5. '.'Jany of the eftluc:nh are kncmn 
(l1 h.: emi;nnmentally damaging. h1r instance. apart 
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4~ I 0,,1 
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' F.C 
il.O 
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.;: 
2l.O 

11.0 
16.C 
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26.C 
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~: ~; llltorMtioa Adliaisuatiaa, 111Nf1Ctgri11 El!crvi Coc!sylptioa 
~ IP Q!w{j Etficjmq 19'0-IID filsbi-itaa. D.C .• Januar• 
19901. 
~ Tllaas.i Britisb tbenal m;u pe:- cmstat 19'0 dollar of •alue of 

sllipllellts - rtaipU. 
~ l decre&W iD tbt emrqy-ase coefficitllt ~ M imuse iD 

mercri tfficitllC'f llld is slliMI ilS I pasitift Yalue ii tllis col•. ftroenlq 
dlMlfeS art u!Clllated aa tllt lllSis of mOllllkd tllal!Y1R ooefficitllU. 

,. llita vitllll!ld ~ rtlati'le stmrd error is equal to or qruter 
tllu 50 per Cl!llt. 

Following !he second oil shock of 1979-19!i0. 
t:ni1cd ~talcs manufacturing industries considerably 
1mpr.l\ed 1heir energy-use efficiency in !he first half of 
19!ilh. largely prompted by escalating energy prices 
and the unccr1;1int~ of energy supplies. pariicularly of 
imported nil. In 19X5 !he Pnited Stales manufacluring 
sector consumed 9.7 quadrillion• British thermal units 
I H.1.u. I of energy. compared wi1h the 11.9 quadrilli1m 
H.1.u. consumed m 19!i0. while manufacturing outpul 
at I 9XO const;tnl prices rl'se by X per cent. :\s a result. 
the energy-use .:oefficienl of Cni1ed Slates mama
facturing indu,tnes as a whole impro\ed by 25 per 
•:cnt a' ih u'c coefficienl dropped from 5.X to 4.-l 
hc1wecn l9XO and 19X5 llable 111.7.). 

Among the indirnlual indmlr~ groups included 
table 111. 7 • 1he l;irgcsl energy users in I 9!i5 are h'ted in 
table 111.X. 

.. \, m;1_1or producers nf ba,ic indu,tr1al rna1erial'. 
the f1\c 1nd11,1r~ group' mentioned m 1able 111.X 
ai:coun1cd for 70 per i:cnl ,,fall manufacturing cncrj?y 
con,ump11on 111 l'>X5. The same fj\e cnergy-inten,i\c 
gr11up' i:urrailcd their energy consump111111 collei:li\el\ 
lrom X.t. quadrillion B.1.u. 111 19XO lo 6.X qumlnlh .. n 
B.1.11. 111 llJX5. a rcducll;in of 2! per i:cnt. wl11le the 
o1111JHit .,f th.: i:r .. up • .tcdmcd by 5 per i:enl. re .. ultm;: 
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f'l'i.ar, •tlls 
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f.·~:ol- uc coal pro.la."ts 
s~°""' cl~, aai qlm pi'Olh."ts 
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~: ElltN; !nferMtion Adllinistntion, !la!Nftctgrjll!! El!er!r· C.o!ls!lpt1% 
Surm: <1llg:s in E!!trv; Etficim:-i· Im--~ tlil!.llill'!toci. D.C., Jaau.lr'; 
!~1. t.lble £Sl. 

in an o\·erall reliucti1m in the energy-use coefficient of 
17 per cent for the fi\'e groups. The hea\y energy users 
in the ratios of energy consumption 10 shipments 
uhousand B.1.u. per constant I 9!i0 dollar ,·alue of 
shipments and receipts) in descending order in 19X5 
were stone. clay. and glass products l 16.6). primary 
metals 11.i.61. paper and allied products ( 13.9). chemi
cals and allied prnducts I I ::!A). textile mill products 
1.i.1!1. and petroleum and coal produ.:1s 1.i . .i). Once 

again. the energy-intensi,·e industries measured in 
t::rms of !he energy-use coefficient arc: 1hose producing 
t->asic industrial materials except textiles. 

S1a1istics on total energy consumption by dis
aggregated manufacturing groups in different coun
lries arc: scarce. bu! some da1a on indus1riai consump
tion of elec1ricity are a\·ailable for an international 
comparison. Table 111.9 pro\'ides such an in1er
country comparison of the intensity of industrial 
clectricily use as measured by kilowatts per dollar of 
\alue added. Seedless 10 say. electrical energy intensity 
\'aries suh,tantially across countries and industries. 
gi\en the wide range of manufa.:turing technologies 
and energy si1urces used 111 generale electricity. 

:\ number of intercstin~ ohsenations can be noleJ 
from the energy coefficients gi\'en in table 11!.9. FiN. 
for manufacturing industry a~ a whole. Japan and the 
Federal Rcpuhlic of Germany arc 'how n to be the 
most efficient in the use of elcc1rici1y. while India uses 
almost ll\e times the amount of elcc1nc11y per dt1llar 
\alue ;1dded in thme two cnuntric:,. II is ah11 
'urpri,mg to tind industry in the Republic of Korea 
usmg clectricny more efficiently 1han m Canada or 1hc 
Sethcrland,. pcrhap' because electricity cosh more in 
1hc Rcpuhhc t1f Kt1rea. w Ith ii\ few energy 'ource,. 

Secondly. the manufacture of hasic mdustnal mater
ial' 'uch a' chcmai:al'. iron and 'led. non-lerrou' 
metals and paper and pulp tend' lo be far mnrc 
en.:rgy-m1en,1H· 1han the manufa<.:1urc: of ..:apllal 
~-''"I' 'uch "'general mad11nc:ry. c:lcctric;1l madunery. 
t ran,porl .:qu1pmcn1 ;ind profc"1onal good,. The 
c:neq,:\ -mten,ll\ ol the former )?roup tend' lo h.: 
,e\er.11 !tmc' h11?h.:r lhan that of the l;11ter group. and 
1h1' '' the l'.<l'l t'nr .ill 'C\ en i:ountnc:' h'ted 111 lhc: 
!able. 

I h1rdh. the 11,1 ol hc:;I\' "'er' ••I elcdrii:.11 cnc:ri.:' " 
hkcl\ 111 he: Inc: ,;ir11c: C\ en where: rq.~ardlc" 111 lhc: 
,;;1~··· "' 1nd11,1r1al11.11111n .111d 11Hlu,tn;il tc•hn11log1l'' 
11>c·d I h1· '"P Inc: c:11c:rg.-11lll"l1'1\C: 1n.f11,tr1c:' ;ire: 1i,1nl 
h,.:,m !111 th.: 'C:\en i:1111n1r1e' 11ablc Ill IOI. Sur-

' 
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Canada Cotf i icient 

P~r and products E .67 
IMl&strial cbelica!s 5.26 
llr.n·ferrous .Uls 4. ls 
111n·.Ul products 

n.e.c. 2.22 
Iron and steel I.% 
IWNf actur inq 

!.J9 

lletller lands 

Ion-ferrous 1etals 
Iron and steel 
lubber prO<Ncts 
lndultrial 
cbeaicals 
Paper and products 
llanllf actur i nq 

dYtraqt 

i.1nk Federal lepllbl ic Qieff icient Japan 

Cu!!ficient 

II.Ii 
l.Jl 
7 .69 

S.00 

2.44 

l.l4 

~fficient 

of r.crwnx .--------------------

l""'Jr.trid: dlelicals 
Iron tnd steel 
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c: ... products 
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2.44 
2.!l 
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l.70 
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10.00 

5.56 
S.26 

f>')'Of·;~: l~\ml SI.tu!~ Yt.1r.boo~ l•I~ · rn1t,., •~t ions puCI 1cit ion, 
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rnsmgl~. 1h.: "am.: gr.1up ,,f manufa..-iunng mdu ... 1n.:" 
arc: ranl...:d ar.l<mg 1h.: h•p tl\.: .:n.:rg~ .:on ... umc:r ... f,•r 
c:a.:h .:nuntr~. although 1h.: ranking nrdc:r and th.:1r 
.:nc:rg~ -m1.:n-.11~ difkr fr,m1 ..-,1untr~ i.1 .:.•umr~. Th.:~ 
ar.: 1h.: ba,..ic ma1c:rial-pr.1,h11:mg indu ... 1nc:'. namd~ 
papc:r and papc:r pr.1du.:1'. mdu-.1rial .:h.:mi.:ak mm 
and ... 1c:c:I. n•in-krr.1u,, mc:1ab. gla""· ri1bbc:r pr.1du.:1,... 
and pc:tr••kum and ..-.1al produ.:i.... 

1 he: ... amc: panc:rn nf c:nc:rg~ -in1c:1i...it~ ,,fl "nnc:d Stat.:' 
manufa.:1uring mduslric:s in l'r'll '" r<:\c:akd at r.wn: 
~c:taikd indu,.tria! da,.,.ifa:ation k\<:b i....:.: tabk 111.111. 
Thc: nh1,.: c:nc:rg~-intc:nsi\<: manufacturing indu,1ric:' 
(c:\duJing mining indu ... tric:s in 1abk 111.11 I a,. m.:a,urc:d 
b~ kil.nun-hnur,. pc:r 1follar of\ ;1luc:-addc:J arc: 1i ... 1c:d 
m 1abk Ill I~-

h i" dc:ar from 1abk II LI~ thal all hc:a\ ~ .:nc:rg~ 
.:.111,..um.:r ... <:\.:<:pl fabn.:" and ~arn arc: f,1unJ m 1h;: 
oa,..i·: matc:nal-pr • .Ju..-m~ mdu,tnc:,. B\ ..-.m1ra't. 1hi: 
m;.1_j.1nt~ ••I fabn.:a11ng and ma.:hm::r~ indu,1n.:' and 
r .... J-prtlt:('""'"!? rndu,tm:' ..... n,um.: far k ... , dc:.:tn.:il\ 
pc:r d,11lar ,,f \alu.: addc:d. <•lt.:n IO 1<1 ~O lime:' k''· 

·1 hc: .:nc:rg~ and c:m tr••nm.:mal 1mplt.:;1111m' 1•1 th.: 
p~:tt.:rn' ,,f .:n.:rg~ Ctllbllmptt1lll 31ll<lllg dilfrrc:lll manu
fa.:turing mduslrii: ... in d.:\dnping t:<Hllltn.:-. ~.:.:m yui!.: 
'1gmfi.:ant. 1110 ... .: hc:a\ ~ .:n.:rg~ -t:••n ... umt'lg 1nJu,,1r1c.: .... 
rnamh the: ba,i..- matc:nal,. pn.Ju..-.:r" at thc: .:arl~ 

'tagc:" ,,f th.: manufa..-iuring hi.:r;.1.:h~ nf pr••.:.: ...... mg 
and fabri..-a11<•n. ar.: th.: gr•1\\th mdu ... rn.:,.. m th.: 
S.•Ulh. and thc:ir gnmth !,, t. .. 1.p...-.. ·tt.'J t.1 a.:.:dc:ratt.' in 
the: 1991),,_ fl,mc:\t:L 1il.:ir imp••rtan.:.: in th.: '·•rlh '" 

T~~e ;::.~~- C~~f;i:-1~! o~ e:~ri~ .. i: et€'m :a i:: t:nl~e-! S!.i~ i.'1ii~!J l'P·J 
!!;:t'l'l'.t·~.otn ;ie~ :illid!" of va!~ ~~I 

10~ 

me~! !nd-.JS!:y Coef!1-:;ec'. mct.' l!\'!l.istry Coe!fici'!!lt 
c".d~ ':'OC!E 

1JS rron ore Din!.!:<; g_ 554: c: GllSS alll •;!.ass pillllocts 3.0'llO 
06 lltr.-!errous ore 

., 
Stone .t..'I! c:.ty jndii:ts ~.8WJ 

n;r:!!:g c.b4l:u CJ ~roa ar:\! s~eel l.1«<: 
07 Co.il ciiai..~q 3.blCC " Cc~per 0.8C44 
G8 PetrolNJ nia:r.G 2.~73G 45 Ai:.14n,., !6.)';\Ju 
~~ l!inerals run.::.; c.rnJ 46 Other na:- ! errc.:; cieu~s 2.om 
IG Oe11cal nininq !::. 7!S( 4' !!eta! cai~:.:te!"S 0.5315 
!l ~Ct' U'b: 44 !ieatir.~. pI:rt::v;, c.d 
12 l!Nt pa-:tinq J. la.1S str.ict.ra: D!t.ll O.&-OaS 
lJ ea iry rralucts c .411' er; St~inc;;, screw nadunery 
14 ~~nel and ! ro:ec p:":ll!:J::.S G ~710 

foods •l.451:- 5-0 !Lmlllire, ?Ll'.i:JJ and 
15 Grair. Dill prOO.rts G.574! Iii :e prodocts u1:; 
16 !la.~e:y prod~-t$ U9:5 SI Enq ir.es ~.: t uni r.es 0-5~ 

!! S<Jjar c. 7!:l 52 fa:-:i !loldlinery -Iii<! 
18 c.incy 0.5~9 eq-.111:w:e:t 0.4d49 
;s Bev1;nqes G.4~:: 5l Ccr.struct:on .ir.d n;::~ 
20 llis-::eilaneous too: nad'1~ery O.P!l 

prodocts c.525: 54 llatemi haml i:iq efj'JiprHt 0.4:35 

21 Tobacr:c U8'5: 55 l!etal11Ci:lr:n.; nad\:.:ery and 
u fabrics an1 !ir:l !. 9Jj.; tqWprll!!'. 0.85);! 
2j ~s. tr~ ~vr·! -..! ~ S~il! ~!'J~!:-~l ~-±~!!"! •J.55-H 

tl!S.':'.Pllariecl.E te-\~ tle$ 0 .64': 51 ~.era! ir.:l11:trldl :adti.iery v 14'l'5 
24 ~pdr!:l ~.2iti~ SS llad:i::e shops and 
25 lfcus8lo ld te'I! i les n1~l!.an~ 111ctu.r.ery l.CJOO 

ar.d upholstl'ff U6'1a 5<; 0!flf1! ar.d ~.r.1r..; 
26 Lmber ani! products. llidll:leS C.47lo 

t\cl1J!1nq :a:tall!~rs 0.8749 60 Serv:~ ind11>try na".!lincs o.~;6 

27 lltlOO"f. cai t.i :..1ers •l.46« 61 Electn: ~ppisrat:is Mid 
28 HcllS'-llold !urni:i:e 0.56!& note rs l.25!0 
29 ot! l<P f;r..Hur~ G. S427 6.? Ho!JS!hoid ~i:t>hdllces 0.6973 
JO Paper and proloc~. 6) El...:tnr ! 1qht .:d 

!"l\Jl:r.i caita111ers 5. ll'lG 11;nnq eq·J1pnent 0.7ltC 
ll Paper oontaiPPrs 0.6487 64 Cc:auii~tiai equiPRftt 0.6209 
)2 Pnn:1nq and p~l1S111r.q 0.400? 65 Electronic IDlpJlfll ts l.l6aJ 
il Basi·: ct11111cals l0.0160 66 a.:tenes ind enq;ne 
lC Plashes and syntlle! 1rs l. 1'>40 electric.ii eq1n"""t o.m1 
15 !lrujs, clNn :nq an<! 67 ttitor vet!icles n.4~5! 

toilet iter:is G. 46'il f.8 Aircraft .ind parts 0.7049 
l6 Paint and alli@d prod\irts 0.1286 69 Ship&, train:;, 
H i.trole\JI ref:n;i.i 1.mo tm lers ind cytles 0.4751 
lO ~ and plast lC products u~o 70 lnsUU.ts and cl~ 0.6103 
19 I.eatl2r !Anninq o.~11 1i Optical and photo-
4~ ~ and otl2r 1eathtr qr~ic equipn!f.t 1.0760 

prodocts 0.1078 12 M1~LlMW01£ 

iianutactures 0.475) 

~: Clf!jolni!iitioo for Emna111c Co opmt1nn and OPvelolftllt, Dietllf tl!d f.nyjrornnt (Paris, 
l'l74) p. )9. 
f/ Curtis lllms' In'111Stry Cla:;1af1cal1on. 



l 
2 
) 

4 
s 

' 7 
I 
9 

10 
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llC'lf4ct!!ri!ll i!ldmtries 

lliaiai111 
li:Sic dnials 
Paper .... piptf pro.b:ts, 

ucludinq contaillH'S 
l[Oll Md s™l 
PllStics Md SJlltllttics 
Cll:S! iDd qla pnJCb:ts 
stoat il!d cl•y prOlkts 
otllH D011-fenoas Rtals 
Flltrics ud ?llB 
lllbbtr iDd plastic prlW:ts 

ICilow.tt-hours ptr 
aollar of I'/! 

16.3' 
10.02 

5.)4 
).'N 
l.15 
3.09 
2.14 
2.0) 
1.9) 
1. 71 

:!!!Ym: Otqllisitioa for ~c co-opentioa iDd ll!ftl019'Dt, 
El!em l!!d £1Iirl!Wfit !Paris, 19741 p.19. 

markedly declining as the ~tructure of the economy in 
the :"onh shifts rapidly towards sen·icc-oriented and 
high-technology industries. 

Altogether three major implications may be drawn. 
Fir-;t. the problem of energy scarcity ma\ grm-. more 
se\·ere if most dc:\·eloping countries undergo 1he energ\
intensi\·e phase of induslrialization "'ith emphasis on 
the produciion of basic industrial maicrials. Secondly. 
the emironmental pressures of this trend toward 
energy-intc"'ive industriali1ation are likely to increase 
sharply. since both !he manufac!Uring processes of 

basic industrial material" and power generation that 
thtlse proccsse~ hea,·it~ require: are significant snurces 
nf en\irnnmental ptlllution. In this regard. industrial 
energ~ dliciency takes on added importance. sil'lce it 
plays the dual r.>le of alle\·iating energ~-sc.:arcit~ and 
mitigating the emironmental burden simultaneou'>ly. 

Thirdly. energy requirements associated "'ith the 
manufacture nf specific products. "'hich C<>uld be 
estimated from particular prm.'"Css technologies. are 
undoubtedl~ more useful and re,ealing than aggregate 
informa!ion. Thert' are litera:ty thousands of case
studies on product-specific energy requirements but !t 
is outside the scope of the present stud~· to search and 
compile such product- and process-ie\el data. For 
illustrati\·e purposes. a comparati,·e assessment of 
energy requirements for the manufacture of different 
containers is presented in table Ill. B. h is interesting 
Ill note that a plastic bottle weighing 0.12 pounds 
154.43 grams) requires about 8A96 B.t.u .. "'herc:as 
an equi\·aient paper canon \\eighing 0.14 pounds 
163.5 grams) needs 6.053 B.t.u. 

Adding the energy content of raw materials. total 
energy inputs to a plastic bottle and an equi\·alent 
paper carton are 11.310 B.t.u. and 7.453 B.t.u .. 
respecti\ ely. h must be noted that O\\ ing to a wide 
range of possibilities of material substitution that 
exists in !he manufacture of containers and packaging. 
energy requirements for the manufacture of a given 
product are likely to \·ary considerably. depending on 
which process technology is selected. Once again. as in 
the case of industrial water use. this would make it 
extremely difficult to compare and generalize the 
natterns of industrial energy use across industries and 
countries on the basis of micro-economic process- and 
product-lc\el technical and engineering information. 

table m.n. ~1'91 !!gUilm!~ fo[ the nan!(act;mt o{ mntai!!!I} 

Container tnie Vei~t Pol.llds of ra11 tllergy use Enerqy ca1ten t Total eneri;y 
llile[i•l [f.l!!il!2 of Ci" !!!~ia~ pee l.Jllltainer 

(polllls) llatural (rule 1lbld 8.t.u. (B.t.u./ (8.t.u.) (8.t.u.) 
qas oil po;iid Of 

product) 

I. Half·9i1lla. 
ailk (J)l!taine~ 

Polyethylent 0.120 0.0™1 0.107 8 4CJl'j 70 790 2 814 11 llO 
plastic 

5 ""' 
45 )7~ 

Paptr 0.140 0.28 6 051 43 2)0 l 400 1 45) 
z aol 20 2srJJ 

2. Si:r-fl neat tray 
Polystymte 0.142 uoo 0.013 892 60 268 l44 I 236 
plastic 

VOOd pulp 0.045 0.064 875 19 440 320 l 1~ 
J. Flt1ible container 

(baq or sact) 
Pol yetnylene 0.040 0.0llO O.J6 2 730 68 250 ~I 368! 
plastic 

Kratt p.per 0.031 0.16 1 640 20 500 800 2 440 

~: H. lldk1110 and R.S. Berry, Con~ll![ 'i.&!t, A I!ID!!l!llilW Wlm~ 2( ~a~!JU!J, n:to:i!Qct ~M ~t2wr 
[Qic<lfjO, Illinois Institutt !or Enviro!Mll41 Qli.ility, 1973). 

•I ~ vc1lues excl\Jle enerf!y requif!d for tillinq thl! cont•iners. 
~: 1 pclllld • m.6 qr•. 

I IJilllClll • U5 11 tll!S. 

10.1 

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



Industry uses a wide \·aricty of raw· materials m 
manufacturing processes (stt ap~ndix table lli.56 for 
a list of selected raw materials used by different 
industries). The: industrial raw materials can be 
di,·idcd into two groups of renewable and non
renewable: raw materials. Generally speaking. food 
processing and light industries such as tc:~tiles. wearing 
apparel. kathc:r goods and wood products use largely 
rcnc:wabl.: agricultural and forest resources as raw 
materials. whereas hen~· industries producing basic 
industrial raw materials (for example. !ron and steel. 
chemicals. glass products. non-ferrous metals and 
metal products) hca\·il~· rely on non-renewable: mineral 
resources. as shown in appendix table: 111.56. In the 
subsequent analysis. the focus will be mainly on the 
industrial use of non-renewable: mineral resources. 
excluding fossil fuels which were discussed earlier. 

The industrial use of mineral resources raises the 
two fundamental problems. namely the depiction of 
finite. limited resources and the cn\·ironmental impact 
of resource extraction. The: theoretical contrO\·c:rsics 
surrounding the depiction of exhaustible resources 
have been widely debated and there is a voluminous 
literature on the subject ([ 11]-[18)). 

Irrespective: of the theoretical arguments and formal 
principles underlying the economics of exhaustible: 
resources. considerable c\·idcncc: now exists that the 
o\·crly pessimistic predictions of the .. hmits-to-growth ·· 
approach to resource: c:xhaustibility in the: 1970s arc: 
not true:. The central issue: is the: role: of technology 
and rc:lati\·c prices in determining the: a\·ailability of 
exhaustible resources. Technology launched a two
prongc:d assault on the resource problem: a steady 
reduction of the: extraction costs of raw materials and 
a remarkable improvement in the efficiency of indus
trial use of raw materiais. Moreover. as a natural 
resource: becomes scarcer. its price rises and the rising 
relative: price induces conservation and more im·cst
mc:nt to dc:,·c:lop substitutes. As a result. an inc.:rcasc in 
total demand for raw materials is likclv to be less than 
proportionate to the increase: in outp~t. At the same 
time. the total supply of raw materials may expand in 
response lo lower extraction costs and higher relative 
prices. 

The: implausibilil~ of the: depiction of natural 
resources. at least in the coming several decades. 
seems to be corroborated by the: expanding world 
rcscn·c:s of four major minerals: copper. lead. zinc and 
aluminium. as shown in table 111.14. These: rc:sc:nc:s 
steadily increased up to the: end of the: 1970~. ahhough 
they declined slightly in the first half of the I 9XOs 
owing to a drop in metal prices relative to their 
e:w;1raction cost\. Most importantly. reserves of those: 
minerals grew considerably faster than their produc
tion. This pa11ern of reserve growth is likely to be true 
for many other minerah. and at least estimatt"d reserve' 
grew as fast as production until the 19: ''"· In essence. 
there seems lo he: no cause for concern ah11ut supply 
exhaustion within the forc:~c:c:ahlc: future. although 
political disruption' might lead to temporary shortage:,,. 

A more important i~~ue c.:oncerns the environmental 
problems that the pMduction and industrial 11,l" c.I 

mineral raw materials pose 1 .. m1ronmental pollut1or, 

TM!t m.u crwta of wlC nantS tC scltetfd ~ 
11illi- ot ~ - al of rtlen1t ~· 

1'4(S !l 
1'505 124 
1'605 2IO 
1•'105 5Cl 
1"°5 

1fim 1111t1~ 500 

6-1~ 
.-.otu. 
pndlct.ioe • 
1~·1'705 j.7'5 

ll to ·~ 
C5 to S4 

Mi 
15'." 

llS 

5 to 5.7'5 

1.7'5 

S4 to '( 
17 to .. 

106 
240 

lOO 

4.75 to 5.2S 

·~ J ;:: 
H ....... 
2: .._.: 

'-~ 

~= P. OW, liwtl I a t uu-1m: Stttisti;:;; Md AMbsis ot 
tllc kld ljMpl h!Mtrt fllll Jan, I. Stacltaa Pnss, 19111, P·'· 
II ln5 -* of Mlfi~. 
li ll!mW ~ ii 1915. 

from mining take!' many different forms. and some of 
the: more: well-known pollutants arc: the: following.• 

(a) .\fine gases Harmful effects 

Carbon dioxide (CO;) Asphyxiating (for 
lack of l'Xygen) 

Carbon monoxide: (CO) Asphyxiatir.g. 
explosi,·e 

Hydrogen sulphide: IH:S) Irritant. poisonous. 
explosive 

Methane (CH,l Asphyxiating (for 
lack of oxygen) 
explosive 

Nitrogen (NI Asphyxiating (for 
lack of oxygen l 

1'itrogc:n dio:w;idc: (NO:l Irritant 
Nitrogen monoxide (NOi Irritant. poisonous 
O:w;ygen 10) !'on-tox11: 
Sulphur dioxide (SO:) Irritant. poisonous 

(h) Du.>I 

Dust is defined as 'iolid particulate mailer thrown into 
suspension by mining operations. Dust has explosi\e 
propc:rtic:~ and harmful physiological effech. parti
cularly on lung~: 

(c) Radiarior. 

The radiation in mines poses the health ha1ard of 
rado:l. a gaseous decay product of the uranium series 
found in all uranium mines in \arying degrees and in 
other types of mine: such as fluospar mine' and iron 
ore mines. The: major health ha1ard of radon is lung 
disease:. particular!~ lung cancer. 

fc/J .\.fine drm11ag1· 

Mine drainage contains many dis,ol\ed "ilid' 
including di,sol\c:d mc:tab and .. u .. pcnded solids raising 
the acidity of mine drainage. which in turn cau'c' 
'omc: nc:~ati\e impact on the aq11at1c environment. 
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~tan~ other t~pes of damage to the em·irnnment 
and human health result from mining operations. 
They include excessi\e heat and humidity. and noise 
pollu:i,10 leading to possible loss <)f hearing. The 
technical literature on this subject is abundant and 
should be consulted for further detaikd information.• 

Table 111.15 pro\ides rankings of \arious minerals 
in world production and trade excluding energ~ 
resources. The top fi\e most important minerals in 
world trade as measured by ccmp<>site indexes in 
descending order an: iron ore. C•)pper. lead. 1inc and 
bauxite. h is furthermore clear from figure 111.6 that 
many de\eh)ping regions account for a sizeable share 
of the world resenes. For instance. South America 
and Asia hlRethcr hold about 30 per cent of world 
reser\es of iron ore. South America and Africa 
togecher ahout 40 per cent ot W<)rld reser\e' of 
copper. all de\eloping countries 22 per cent of world 
!::ad dcpn~its. 45 per cent of !olal 1in<: re•er\,. ... ;rnd 
70 per cent of all hauxite re:-.er\es. 

The em ironmental implications of the presence of 
suhstantnl mineral reser\es and increasing mining 
;.._li\ilies in de\"eloping countries could he 4ui1e signi
ficanl. The majori1y ,,f mineral-producing de\eloping 
counlries depend on mineral export re\enues to escape 
problem' of foreign exchange deficih. deb1-ser\"icing 
and de\elopment finance. Bauxite produccion is a case 
m p1•in1. wich Africa alone ac~•lltnling for almost 
40 per cenl of w11rld rescr\cs. I! 'cems plausible 10 

expecl. thcrcfore.1ha1 mineral production in Je\eloping 
countries will continue to ri'c to mce1 the import 
requirements of high-con,uming de\clopcd c. llllllrie' a' 
well as iheir own e\er-incrcasing domes1ic demand 
re,ulting from accelerated inJ11,1riali1ation. l :nlc" 
en\ ironmcntal!~ 'ound mining technologies arc 'oon 
adopleJ on a ma"ivc.· ,c;1lc in de\cloping countric'. 
the pollulion problem' 'lemming from mining act1\ities 
"'II lurthcr de1cri11ratc and add to alreadv inlolerable 
level' of environmental poll1111c1n from other major 
~ourccs 'uch a' industr~. agriculture. energy 11-.e and 
hou,cholds. 

Agure 111.6. Major reserves of selected minerals, 1988 
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par icular res111ircc '' 1ha1 the intn111edia1e produ.:er' 
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of goods arc the largest users llf a particuiar mineral 
resource: for instance. the aluminium fabricatilm 
industry as a major user l'f aluminium. It is. therefL•re. 
essential to obsen·c the path of input:. through 
succcssi\·e processes Ill product outputs. This can be 
done in two ways. First. a complete micro-economic 
analysis of material flows can be conducted. innllving 
an integrated set of technical ac:ivitics such as 
exploration. extraction. rcfincmcr.t. c:.1!wcrsilm. trans
port and fabrication of material resources into the final 
products. This method is often referred to as the 
reference materials systems (RMS). an example of 
which will be gi\·cn shortly.• Secondly. a sufficiently 
disaggregated input-output table can be used to trace 
resource flows through different industries until they 
are transformed into cnd-produc[s. Various Ur; .~d 
States tables are used to estimate the final destinations 
of selected key minerals in table 111.16. 

T~le I!!.16. Pti1Citll !1SCS of nsourc= t 
ti tllt !llited Stites CC!!!!C!l'j' 1'7!! 

(l'erClllUqtl 

u.w. ani>1l .m frnili~u li1m~ 
Cmst.nctiGll 26.9 Food ..t"lctlln 14.9 
lotor vellicles 11.2 CamtnctiGll !l.5 
l*strid llildlillfry i.5 lldllstrid dlesiClls 10.0 
lircnft 6.1 illolt51le .ad ret.iil tn~ l.2 
Food lm&fiCtliR 5.1 llltGr webicles l.l 
CJrdlila Dll ICt!SSOries u Clotlli19 2.9 
otber trasport ~ u Pertilisers 2.i 
'-iati• ecpu.-nt 2.a Cl•illl! prepantions 2.J 
lllolesilt - m.i1 tr• 2.0 Petrvl- mini119 1.9 
ltfriqentioe ~.-it 0.9 Idlstrid llildlinrry 1.7 
leUI bousellold faniblR o.a lnJS 1.0 

CitpRttes, ciqm etc. 0.9 

ToW 72.6 ToUl 51.0 

!;9[ !&!Ill 
c.onstructioa 2'.5 c.onstruction 17.6 
I..mtrid llildlinery 9.0 storlC)t bitteries 15.1 
lotor webicles a.2 lotor ffllicles 11.0 
c-iatioe ~.-it J.9 I..mtrid llildli:iery 9.5 
Electrie&l ipplntus J.l rood aNflCblre u 
lircnft J.O ~ Dd ICXl!!OI01'ies 4.5 
OrdDactilldilXlf550l'ies 2.1 Illlllstrid cbesie&ls 4.) 

ltfri9!fatioa llildljnery 1.7 lircntt l.9 
food mmifactllrt 1.5 illoll!Sllt .ad Rbil tridt l.l 
llloll!Sllt llld m.il tridt u c-iatioa tflipiellt 2.J 
Pipes, YdYes ud fittiJrls 0.9 3-llery 1.5 
~iplluildinq olld repairs 0.1 Clotllinq 1.l 

Pttrol- miai1111 1.2 
Slliplluildi119 .S repairs 1.2 

ToUl 65.2 ToUI a1.2 

Sal 1ilC 
eo.tructioa )0.0 co.tr11ction 25.6 
lotor Yellicles 19.6 lbtor Yellicles 19.~ 

ldlstrid llildljnery 10.7 Iaatrial llildlinery 10.2 
rood -.tlCturt 5.6 Aircraft 4.1 

otber tramport ~-- 4.0 o-stic appli- l.I 
o-stic .ppli111Cts ,_; OrdDact llld -~!!!S 2.4 
lircraft 2.2 lllolfMle llld retail tridt 2.l 
lllole 11111 rrbil trlde 1.6 Storllfl bitteries 1.9 
F.ibricNd plate llOrb 1.l Illdultrid cbesials 1.7 
~iplluildinq llld repair 1.0 liscell- ilardllare 1.2 
C-iCltion •ii-t 0.9 

ToUI 79.l Total n.1 

Sgsj[": u. Purce and J. lolt, ?bl. r&oOQlic:: of htural ICS!N(ix_ 
~ tt.ondoll: lllcaill111, 1•75>, pp. 1'16-m. 

i · Ptrce11~ of toUI rfllOW'ce IM attribu'Al>le to direct or indirect IM 
by !tot SpKified i•trits. 

The data in table 111.16 suggest lhat a ~mall number 
of inJustrie~ are the ffi•lSl notable users of mineral 
resources. For inslam.-c. !he cons1ruc1ion and motor 
\Chicle industries logc1hcr consume 50 per cenl of 
steel. about 40 per cent of lead and ~S per cenl of 
copper and aluminium. :\ more meaningful measure 
•lf this use would require examining the resource
intcnsit) of products as measured b)· the total \·alue 
of output accounted for b) the direct and indirect use 
of a gi\·cn resource. Such a measurement is gi\·en in 
table 111.17. but it excludes all intermediate goods 

nQlt m.r. lllo!m-iatmi" i*trics ! 
i• tile VAit«d Stites. mo 

u.w. 
leUl foil 
Electric.U imstrid 
~ 

Slleet leUl lllld 
, ... CllllP*llS 
Tnds .i tHilers 

!;9[ 

s.11 - - ~tict 
Pipes, til"5 11111 fittiDrJS 
tr-rarmrs 
llotors .i qmr-ators 
lleldllq~ 
Sritdlqelr 

gm 
Pabriated plate wrks 

1iil11y u- - cus 
Sbeet leUl lllld 
sates ild nlllts 
leUl~i· 
raic:ited .w 90o4s 

j l'erClllUqt l 

aniw 111c1f~ili:§:1i:m1~ 
21.• Fertilims 11.6 

Illkrtrid dftials l.• 
1.0 Plastics 1.5 
'-3 liscell- dlaiCll 
5.7 pr-.cts 2., ,_, Pilins 0., 

lad 
7,7 starlC)t bltteries 2•.5 
6.5 Slill am llld ~tion 1.4 
l.7 ~ l.t 
l.l Priltilq t.ride llildlilerj 1.2 
2.1 lleU.l foil 1.i 
2.4 I*strid cbesiClls 1.1 

liE 
lU liscel1- lludllirt 2.6 
15. 7 StorlC)t bitterits 2.2 
14.l Slllll lll5 iDd ~tioe i.O 
14.0 llolSlllold lilllllrJ .piellt o. 7 
2'.I Ollmrie&l J...iry tflipmat 0.6 
25.! llectric llaasMres o.5 

&m: D.11. l'elrtle ad J. lase, De ,,...jq of lltml lr:saarcc 
lllRllWI (toadal: lllcail.laD, 19751, pp. 156-157. 

if PmBUqe of toUl nl• of prua:t IClllllllted for b¥ direct ud 
ildirect 111t of tllt specified resaur1Z. 

such as steel tubes using steel as raw material (here 
iPtcrmcdiatc goods arc defined to be all products for 
which m,- re than 95 per cent of the total domestic sales 
arc made lo other producers) The most important 
implications of this mcasurcmc· 1s ~hat the catastrophic 
consequences of resource depiction advanced by some 
writers and their sweeping policy prescription such as 
zero growth would seem lo be missing the point when 
the problem of resource depletion is examined at more 
detailed product levels. As has been correctly pointed 
out ([21 ]. p.159), " ... when we know that lead mostly 
goes into car batteries, we realize that if we want to 
conserve lead it is a good deal easier and more 
effective to design a car that does not need a lead-acid 
accumulator than to halt economic growth". 

As in the case of energy and water, the wide 
variations in the patterns of use of raw materials by 
both country and industry suggest that the proccss
specific approach mcn1ioncd above is more useful. In 
particular. the RMS approach could be highly useful 
not only for assessing the indus1rial use of raw 
materials, but al'o for determining energy require· 
ments. labour and capital nee<h and en\"ironmenlal 
effccls. The RMS approach pro\"ides a network 
represcntalion <>f the now of materials from 1he 
rc~oun.:c ~iuc :hrou~h ail in1cr111cuia1c pro~c~~c~ and 



production s\:ps h.• a s~ific ~nd-u~ \fateriab and 
other input requirements (i.:nergy·. labour. capitaH can 
also be quarttified at each technical process or 
production step in the flo\\ of materials. It is not 
diflicult to see that the technical coefficients and 
material substitution for input-output tables can also 
be estimated from the information gi\'en in the R~fS. 
In particular. the R~fS method may make it possible 
to identify promising areas for substituting non
renewables by renewab!cs. recycling used material. 
conserving scarce raw materials. impro\·ing energy 
efficiency and reducing industrial pollutants. 

for illustrati\·e purposes. a networl.: representation 
of the flow of materials for the manufacture of two 
types of milk container. a plastic bottle and a paper 
carton. is presented in figure 111.7. The mi!k container 
was chosen partly because of its relati\·ely simple 
technical processes. and partly because of the numerous 
possibilities for material substitution that exist in 
containers and packaging. It should also be noted that 
the energy requirements of manufacturing milk con
tainers summarized in table 111.13 were deri\'ed from 
this process informati<ln. The figure refers to half
ga!!on milk containers made of piastic or paper. The 
energy requirements of these products were alread)· 
compared earlier. As to their material requirements. 
the plastic bottle requires 0.038 pounds ( 17.24 gramsJ 
and 0.107 pounds (48.5 grams). respectively. of natural 
gas and crude oil as chemical feedstock. while an 
equivalent paper carton needs 0.2H P•>unds ( 127 grams) 

of ground wood. The JX•ssibility of reusing the plastic 
c•>ntainers must. howe,er. be :aken into acc.,unt \\hen 
the material costs of the plastic products are compared 
\\ ith similar \\<.lu.i products. 

Apart from the apparent ad' antage ,,f adopting 
lo\\-\\aste technology. industry could minimize the 
en,·ironmental impact associated \\ith the industrial 
use of raw materials in two principal \\ays: b) 
substituting high-pollution-content materials by low
pollution-content materials: and by recycling and 
reuse of \\aste as secondary industrial ra\\ materials. 
In principle. recycling can considerably reduc~ the 
new materials for industrial output. But apart from 
some ir.e,itable loss due to irretrie\able dispersal of 
materials in the production process. there are also 
engineering and economic limitations on the amount 
of recycling possible. gi,·en the difficulties of obtaining 
a product with recycled materials at a quality le\el 
comparable to and at a price competiti\'e with the 
original materials. Ob,·iously. as the price of the latter 
rises, more sophisticated technologies for recyding 
become economica!ly profitable. In addition. there are 
a numbe.- of institutional barriers to recycling. They 
include freight rates. tax policies. regulations. existing 
capital equipment or tradition-bound practices. all of 
which ha,·e deterred the increased use of recycled 
materials in the United States.• 

•F,1r m, .. rc JetaikJ J1~.:u!\,1on~ ''"the 1 ·m1cJ Stale' c'pc-ncn"c. 
,~~1~n 

Figure 111.7. Reference material• system for half-gallon plastic-bottle or paper-carton milk contalnen 
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Substitution of one material for another has been 
widespread practice in manufacturing for a long time 
and for many reasons. For instance. the rapid growth 
of the use of aluminium and plastics as substitutes for 
wood or steel can be explained by the superior 
properties of those materials. not by the scarcity or 
high prices of iron or wood.• By and large. however. 
the material substitutions have been dominated by 
economic considerations. and have taken on greater 
urgency since the sharp escaiation of oil prices in the 
1970s. Environmental considerations ha\·e seldom 
been a major factor in decisions about substitution in 
the past. although to the extent that material substitu· 
tion is motivated by r.nergy-saving. such substitution 
may also ha\·c a favourable effect on the environment. 
Further research is needed to dc\·clop a rational 
approach to industrial material substitution that 
carefully balances economic benefits with environ
mental costs. 

The actual data for the recycling of some key 
materials in the lJnited States and some examples of 
the use of alternative materials for those selected 
materials arc summarized in table 111.11!. It must he 
noted that only the technical possibilities for substitu
tion arc listed. but the economic and environmental 
costs of substitution for those minerals arc no• given. 

"!\ u~cfol in1erpre1a11nn of the ma1nr material •11h<lllul1on 
fMffrrn' fh'41 h;nr appc-arrrl 1l\f":" fhr prt'I ,·rn111r~ l'rtn hr fnllO•I In 

f 2.11. 
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In short. the choice of mineral resources in manu
facturing depends on the quantity and quality of their 
long-term supply potential. the costs of exploration. 
extraction and refinement. energy requirements for 
converting them into useful materials. em·ironmental 
impacts and many other social and institutional 
factors. 

4. Summary 

Finally. it would be useful at this point to recapitu
late the salient points of this section on the impact of 
industrial development on natural resource~. 

(a) lnc/u.Hria/ 1rntrr comumption 

Industry uses much less water than agriculture. but 
it pollutes the water more. Although more than !!O per 
cent of the water used for cooling and cleaning is 
returned, ihe returned water is often contaminated b~ 
industrial cftluents and thermal pollution. 

In general. heavy industries producing basic indus
trial materials (primary metals, chemicals. petroleum 
products, paper products etc.) and resource-based 
light industries (food and beverages. rcxtilc~ and 
leather etc.) tend to consume a large volume of water. 
A large proportion of the industrial •\·atcr supplies is 
used for coolinJit, par11cularlv in hean industries. and 
less for processing. 



.-\t the process kn:ls. there cxi~t \ast inter-indusrry 
and inter,~mniry \ariations in industrial water re4uirc
mcnts. In general. paper and pulp pruduch. chemicals 
and primary metals tend to use nwrc water per tonne 
of llUtput than any other pwduct grl1ups. The \\ ide 
\ariations in industrial \\atcr use relkclS wide dif
ferences in the prl1cess technologies used in diffcrem 
countries. The process-le\ el information suggests that 
increasing industrial output need not necessarily be 
accompaneid by increasing industrial water re4uirc
ments. 1'ew water-sa\·ing technology designed lo 
increase recirculation and water reuse can reduce 
industrial water re4uirements and at the same time 
their pollution load. 

(b) lnduHrial energ_1· con.~umption 

:\mong the OECD countries. industry used more 
energy than any lither sector during the period 1')70-
19l!7. ranging between -ID per cent in 1970 to .H per cent 
in 1987. The industrial share of energy consumption in 
dcveloping countries varied widely from country to 
country. ranging from 63 per cent in China to ~O per 
cent in West Africa. Despite considerable inter
country ,·ariations. and regardless of the stages of 
industriaiization. it seems quite clear that industry is 
likely to be the largest source of energy consumption 
in both dcveloped and de\·eloping countries. r.-erhaps 
except for West African countries. 

Industry depends on different sources of energy. 
and this \·aries among countric~. The industrial energy 
use in OECD countries is more or less equally 
distributed among four sources: namely. oil. coal. 
natural gas and electricity. In the USSR and Eastern 
Europe. industry relies hea\·ily on both coal and 
natural gas. Coal is the dominant source of energy for 
industry in China (67 per cenl) and In~ia 02 per 
cent). Since OPEC first sent oil prices soaring in 
1973-1974. coal consumption has risen sharply. In the 
I 9XOs. world consumption rose over 31 per cent e\ :!n 
after oil prices dropped more than 50 per cent in 1986. 
Gi\·en the world-wide known coal reserves. m·cr 
600 billion tonnes of hard coal and brown coal. the 
increasing utili1ation of coal may represent a viable 
alternative source of energy in face of the diminishing 
oil resenes. As developing countries depend increas
ingly on coal as an alternati\·e source of energy for 
rapid industriali1ation. the environmental problems of 
coal combustion such as acid deposits ar.d other 
gaseous and liquid pollution also become serious and 
could pose a formidable challenge to sustainable 
industrial de\elopmcnt. unless dean technologies arc 
dcveloped and adopted on a massive scale. 

On the heels of the second oil shock of 1979-191!0. the 
manufacturing sector in developed countries has con
siderably improved energy efficiency. largely prompted 
by rising energy prices and the uncertainty of energy 
.,upplies. particularlv of imported oil. For instance. 
the energy efficiency of the United Stales manu
facturing sector improved by 25 per cent between 1980 
and 1985. 

According to the recent energy consumption survey 
of llnited States manufacturing indll'.trics by the 
f:n.:rgy Information Administration, rhe heavy cnergy
uscrs in term!. of total consumprion arc again m.1jor 
producers of basic inc111s1rial mari:rials: namely. chemi
cals. primary metals, paper and allied products. 

petwkum and coal produch. and stt,ne. day and 
glass pwducts. The tl\e industry grnups accl1unted for 
70 per cent l'f ali manufacturing er.ergy cnn .. umptil>n 
in 19~5. Statistics l•n tntal energy cunsumption by 
di~ggref:(ated manufacturing groups in different coun
tries are scarl·e. but some data ,m industrial c,m .. ump
tion of electricity are a\·ailable for an international 
comparis,m . .-\n intenational Cl1mpari~on llf rhe inten
sity of industrial electricity use in 19!0 a., measured in 
ki!owatts per dollar of \alue added shows among 
other things that across countries and irrespective of 
the stages of industriali1atil1n and techr.ologies used. 
the most cll!\:tric-energy-intensive industries tend Ill be 
producers of basic industrial materials: namely·. paper 
and paper products. industrial chemicals. iron and 
steel. non-fer~ous metals. glass. rubber products. and 
petroleum and coal products. 

The past trend of indi.strial energy consumption has 
important implications for de\eloping countries. First 
of all. the problem of energy scarcity may gro\\ more 
severe if most de\·eloping countries undergo the energy
intensi,·e phase of industrialization with emphasis on 
the production of basic industrial materiab on a 
massi\e scale. Secondly. the en~·ironmental pressures 
of this trend toward energy-intensi,·e industrialization 
are likely to increase sharply. since both the manu
facturing processes oi basic industrial materials and 
power generation which those processes require are 
significant sources of cn\-.ronmental pollution. In this 
regard. industrial energy efficiency takes on added 
importance. since it plays the dual role of alle\iating 
energy scarcity and mitigating the cn\ironmental 
burdens simultaneously. 

( c) lndu.Hrio;! UJt' ,~f minaal re.wurcn 

Th-:rc seems to be no cause for concern about the 
supp!y exhaustion of mineral resources wuhin the 
foreseeable future. although political disruptions might 
lead to temporary shortages. A more important issue 
relating to mineral resources concerns the emiron
mcntal problems posed by the production and indus
mal use ol mineral resources. The environmental 
pollution of mining takes many different forms. sucn 
as mine gases. dust. radiation and mine drainage 
effluents. and some of these pollutants arc known to 
be quite harmful. 

The cm·ironmental implications of substantial 
mineral rcscr\es and increasing mining acti•itics in 
developing countries could be quite s1gnifican1. The 
majority of mineral-producing dc\eloping countric., 
depend on mineral export rnenues to escape problems 
of foreign e:>.change dcficih. debt-servicing and dc\el
opment finance. tJn!css environmentally sound mining 
technologies arc soon adopted extensively all across 
de\eloping countries. rhc pollution problems stemming 
from mining activities will further deteriorate and add 
to already intolerable levels of environmenral pollu
rion from other major sources such as indusrry. 
agriculture. energy use and households. 

The principal users of mineral resources arc intcr
mcdiarc pr duccrs of goods: for in .. tancc. the alu
minium fabncarion indusrry, which is a major user of 
aluminium. Excluding all such inrermcdiatc goods 
producers. a small number of industries arc found to 
be the most notable users of mineral resources. For 
instance. the construcrion and moror vehicle industric:., 
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together consumed 50 per cent of steel. at,lut 40 per 
cent of lead and 3!! per cent of Ctlpper and aluminium 
in the l'nited States in 1970. Ir. addition. industrial 
chemicals. industrial machinery. food manufacture. 
air::raft and other transport equipment were identified 
as principal users oi mineral resource-;. 

:\part from the apparent adn~:!lage of adopting 
low-waste technology. industry could minimize the 
emironmental impact associated with the industrial 
use of raw materials in two principal ways: by 
substituting high-pollution-content materials by low
poll.nion-content materials: and by recycling and re
use of waste as secondary industrial raw materials. 
Materi:il substitu!ion has taken tln great ·r urgency 
since the sharp escalation of oil prices in the 1970s. 
Howe\·er. environmental considerations have seldom 
been a major factor in decision~ about substitution in 
the past. To the exte:nt that material substituti•m is 
motivated by energy sning. such substitution may 
also have a fa\·ourable effect on the e1n-ironment. 
Further research is needed to de\·elop a rational 
approach to industrial material substitution that 
carefully bala:-:ces economic benefits with emiron
mental costs. 

C. Industrial pollution 

The manufacturing sectur contributes to en\iron
mental degradation through the use of inputs and the 
production of outputs. On the input side. it uses 
natural resources: in particular energy. water and raw 
materials. This aspect of the environmental impact of 
mam:facturing has already been discussed. On the 
output side. manufacturing industries also directly 
generate both traditional and newly emerging pollu
tants in three major forms; namely. air. water and 
solid wastes. including hazardous wastes. These out
put pollutants are e:: mined in the present section. 
The relative imporrance of industry as opposed to 
other sectors of the economy in generating major 
pollutants is assessed. and the major polluters among 
manufacturing industries are identified. 

At the outset. it would seem highly useful to p;esent 
an overview as to which major pollutants different 
industries generate in the process of their manu
facturing acuvities. The known major pollutants 
generated by 27 selected industries are listed in 
appendix table 111.57. Such information may prove to 
be useful not only in identifying the sources of specific 
pollutants. but also in providing a check-list for 
identifying environmental problems in ph.nning and 
de:;igning industrial plants. 

Another useful approach to the present analysis 
would be to d1aracte1·ize manufa~turing industries by 
the potential environmental stress that they can create. 
A Canadian government study has classified manu
facturing industries by three stress types: high. medium 
and low. The high strc:ssor group is associated with 
processes that extract raw materials from the environ
ment and transform them into early-stage industrial 
materials. such a~ making pulp and paper. metal 
smelting and refining. producing industrial chemicals. 
mining and thermal power generation. The medium 
stre;sor group is characterized by the further processing 
of materiais into specialized products required for the 
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next and final stage of manufacturing. although some 
final products are included in this categt•ry beca11se tlf 
special en\·ironmental considerations (for exampk. 
processed foods and pharmaceuticals). The low stres
sor group captures the remaining indu~tries which are 
mainly composed ofa large proportion of the i:tJustries 
producing final gtltld-i. Such an industrial classification 
by stressor t~ pe is gi\·en in appendix table 111.58. The 
envir•.rnmental stress of industrial plants is deter:nined 
by a multitude of factors such as the scale of opera
tions. the process technology employed. the type of 
pollution abatement equipment used. ecolog1cal 
characteristics of the surrounding area and meteor· 
olog:cal conditions. The classification in the table 
should be considered. therefore. as a first approxim
ation to a more thorough stress e\·aluation of the 
different manufacturing processes. 

I. lntl11strial air pol111tion 

The major air pollutants most commonly found are 
particulates. sulphur i:fio\ide. carbon monoxide. nitro
gen dioxide and hydrocarbons. Their principal charac
teristics. emission sources. health and other effect:.. 
control techniques and L'nited States ambient stand
ards are summarized in appendix table 111.59. It is 
e\·ident that natural events such as forest fires and 
\·olcanic eruptions are in great measure responsible for 
the emission of these pollutants. So far as anthropo
genic emissions are concerned. air pollution is generated 
b~ six major sources: transport, domestic heating. 
electric power generation. refuse burning. agricultural 
fires and industrial fuel burning and process emi!>
sions. In general. manufacturing is not responsible for 
the emissions of most pollutants. Each major pollu
tant has its different majo1 sources. Most importantly. 
electricity generation accounts for the major bulk of 
anthropogenic emi!>sions of sulphur dioxide. ~ransport 
activities for nitrogen oxides and carbon monoxide and 
motor \·chicles for hydrocarbons and lead. Industry. 
however. is a major source of panic11la1e emis,.ion" in 
different countries. as shown in table 111.19. Some 
esrimates suggest that industrial sources contribute 
about 20 per cent of total air pollution. but this may 
be an understatement. Many manufacturing industries 
consume a large quantity of electricity as described 
earlier, and power generation is a major source of 
pollution. particularly sulphur dioxide. The manu
facturing sector should be held responsible for some 
of the air pollution problems caused by electricity 
generation. 

A major question is how much does industry 
contribute to the emissions of major air pollutants. 
Unfortunately. statistics on pollutants by major sour
ces are scarce. United States data given in appendix 
table 111.60 provide a rough estimat.: of the indu~try 
contribution to air pollution during the period 1970-
19116. From the table, the industry contribution to the 
emissions of five pollutants in millions of tonnes in 
19!!6 can be determined as follows (see figure II!.!!). 
Industry wa~ responsible for about 37 per cent of 
particulates emitted in 19!!6, 15 prr cent of sulphur 
oxides, K per cent of carbon monoxide. 41 per cent of 
volatile organic compounds and .l per cent of nitrogen 
oxides. Ry contrast. fuel combustion in stationary 
sources genr.rates over 70 per cent of sulphur oxides; 
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tran,port accounh also for nearly 80 per cent of 
carbon monoxides and 45 per cent of nitrogen oxide; 
and power generation is again responsible for almost 
70 per cent of sulphur oxides and 35 per cent of 
nitri1gen oxides. It is 1mporrant to note. however, that 
mdu,tnal activities arr: in var)ing degrees related to 
the a..:ovities of other sector~. and hence any indu\lry·, 
real contribution to air pollution would he far greater 
than what ii- direct cmi"ions indicate. For instance, 
1ndu,t1 ~ is a major consumer of commercial energy. 

ahout 33 per cent of total energy consumption in 
OECD countries in 198~ [24]; all transport equipment 
is produced by industry; and industrial \\aste accounted 
for about one-eighth of X billion tonnes of all waste 
generated in OECD countries in 1980. and municipal 
wast~ accounted for .150 million t•>nnes. part of which 
was al.'o from industrial so11rccs ([XI. p. 159). 

Data on air pollutant cmi"ions hy disaggregate 
industry 'ourcc' arc not cas) to come hy. Not 
surpri,ingly, the fragmentary availahlc dat<• point to 
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Flgunt 111.8. Nation-wide air pollution emissions 
by pollutant and source, United States 198E 
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Iron 10\IMne; l.4 Particulates, cart.rir. 
IOllOXide 

Kral~ pulp and lJJ Particulat-.s, carbon 
p.ip!r 11lls 10noxit1e, sulpllur 

Oil des 
Co.tl ~l~an1nq alld r•f1& ) .1 Part 1culat~ .. carbOn 

10no1io11> 
Cok• itor st~! ).11 Part l·:Ulat"5, r..trbor. 
11.1nu:~unnq' IOllOll~, ~,;!,.rlur 

vu~ 

Iron and st!"'l 11llr. 1., Particulate;, c.irbOn 
10ll01ide 

Crain 1ills and qra1n l.O Part iculat..s 
r.indl inq 

C..•nt 1anuf.ictur1nq ().~ Part kulate; 
Pt.n6pl\.\t#. t~rtilmr plant.~ o.) Particulates, tluoridos. 

;iollr~: 1.0. I()!',(,, Air P.1lluti?n ~;:1 ln~tn 111o!v York, va11 llOstrand 
ttinl'lel~. 1m1. 

II: 

the J,m1in;mt -.hare nf the 1<1tal air p<1lll1ti•1n aci:•Hill!cd 
for h~ the inJustric-. prnJucing hasi..: rnJu,trial 
matcriab. The 1<1p IO hc;l\ ~ p.1lluting inJu-.tric .. in the 
l "nitcJ State" in term-. ,,f the total 4uamit~ of 
cnw • .,;nn .. per \Car arc li-.tcJ in tahlc 111.:!0_ Thc-.c 
industric" ;·,1ughl~ c<1rrcsp•llld 1<1 the ii .. t ,,f inJu .. tric-. 
earlier da-. .. iticJ a-. high stn:-.s,1r ... 

\fore rc,·ealmg arc Jin.-.:t p<1lluti<lll c•>cffa:icnts f,H 
all inJu-.tric ... namd~ the: 4uantit~ of emis-.i11n., per 
unit \alue ,,f 1H1tput. l "suall~ an input-,1utput tabk 
''a" linked t<1 a p.1llut:lllt matri\ to Jcrnc.: the Jin:ct 
and indirect p<1llutinn coc.:fficients for different sec1,1rs. 
Cocffo:icnb can he: e .. timatcJ f,1r inJi\ idual po!lutanh 
or t«1r a comp,1site \\C:ightcd cmissi.m indc\ ,,f an~ 
numhc.:r ,1f pollutant-. combined. These coefficients 
tend l<l \ ar~ sub-.tantiall~ acro-.s Jitfrrcnt c.1untric' 
and studie-.. main I~ 1l\\ ing to Jiffercni:c' in inJu,trial 
dassitication.. a-. \\ell a.. cocfficiem mca-.un:mc:m 
pr.1bkm ... \forc1•\cr. the rankmg 11f inJu-.tric-. h~ the 
-.i,re ,,f its Jirci:t c11ellicicnb i1hen \aric .. fn;m nne 
stud~ to an•llher. 

Direi:t comp.1sitc cmissi11n indicator" ,1f 15 maj,1r air 
p,11lu1anb for hil inJu .. tric' in the '.\cthc:rianJ, ir. l•r.~ 
are gi\cn in descending <•rdcr in appcndi\ tahk 111.t> I. 
The t<llal Jirc.:t ,;,1c:ffii:ic:nts arc: bwkc:n Jo\\ n b\ proccs-. 
cmi,-.ions. i:nmbustinn cmi-.-.ions and tran-.p.irt c:mi-.
sinn-.. E\ccpt for tran-.port and other .. en ice-.. the 
highc:-.t coefficient-. arc again found among pr,iduccr-. of 
ba:,ic inJu-.trial mat.:riab -.uch as krtili,rcr-.. chcmii:ab. 
building matcriab and primar~ metal-.. Hn,,e,cr. hkc 
an~ i:•Hmtr~ ca-.c-... tuJ~. the coefficients ma~ be 1m14ue 
to the '.\cthcrlanJ .... and k .. -. rdc\alll for <>thcr c1iuntric,. 

2. /ndu.urial tJ·ater pollution 

Water pollution rc4uire ... indu ... tric-. to prci:nndition 
\\atcr before Its u'c and t<i treat \\ash: \\ater aftcr
\\arJ,_ Prc-1n:a1mer>t 11f the water i ... rc4uircJ tn a\oid 
man~ prnhkm-. sui:h a .. the folio\\ ing: alkalinit~ and 
hardne's "hich cause scaling. particular!~ in h11ilcr': 
staining of irnn and mangane-.e: and micrn-11rgani-.nh 
w hii:h form 1:1ia1ing' in pipes. prndui:e stain-.. ta,tc-. 
and odours. anJ decompose nrganic ... ubstancc .... 

.-\l1h1H1gh the pre-treatment pnihlc:m i-. important in 
its 1l\\n right. the prc,enl ,tud~ \\Ill focu' primaril~ on 
the prnhlcn1' 11f indu,tnal \\a,tc \\iller'. In contra'' 111 

the general uniformil~ of suh ... tancc' t«nmJ in domc'
tii: wa,tc \\atcr'. mdu,trial \\a,tc \\atcr' ,h,rn rcmarK
ahk \<1ria1111n' Ill the t~pc of contaminanh found 1n 
them. ·1ahlc 111.:!I 'h""' some nf the \;1nati11n, found 
in \ariou' indu,:rial ,,a,tc water'. 

The ... pc of colli;1minan1' fo1md Ill inJu,tnal "a,li: 
\\atcr' depend, 11n the t\pc 11f mdu-.tr~ ;mJ the manu
faclllring pro1.:i:s'i:' m 4uc,tion. Thc,l· c1in1ar111nani... 
can he da"ificd inti• three hr11ad ca1q:11nc': tloatrn)! 
material' .. uch "' ''"' and grca'c': ,u,pcndcd matter 
'uch a' mineral ta1hn)!': and d1 .... nl\cd 1mpun11c' sud1 
"' ;1<:1d'. alkali,, hc;I\ ~ mctah and m'cc11c1dc,. 

I here '' al'<• the prt1hlcm nf tlwrmal p11ll1111on. the 
ra1,111g .. f the temperature .. 1 a \\a!cr\\il\ h~ hl·;11 
d1,ch;iri:ed fr11111 tlw c1111lmg '~'tern or cftluent \\a,!c' 
11f an 111d11'lllal e,tahh,hmenl. I hermal pollu!111n 
\\1H1ld 1>h\11111\I\ d1,111rh the ecol11gical ha!ancc ol the 
\\atcr\\a\ and p11,c a chrcal 111 the aquatl( cn\1r•111-
ment. 1111\\e\l:r. P""cr·,lat11111' arc l;1q;:c!\ rc,p1>11,1hlc 
for thermal p11llu1i11n 111 11111'1 ~a'c'. 
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lnJu,tn ., r.: ... p···n,11'>k t.•r a fa1rh large ,!Jar.: of 
\\ a ... 1.:-,• .. 11.:r Ji....:hargc , ,f a numher '•! t rad1t1"na! 
\\ater r••llutanh. In aJd1th•n. \\atcr pnllut1•lll j, 

.:t>ntnhuteJ h~ J.ime,11.: '"ur.:c .... agricultural run·••lf 
anJ 111;111~ diffLi...e ..... urcc' ... u.:h a' prccip11at11in ,,f ;ur 
pollut;lllh ...... ii r·illution .:au ... cJ h~ the apph.:a1i,1n ,,f 
frrti!i.rcr' anJ pc ... 1i.:1de .... mten ... n c am ma! hu ... handr~. 
!;ind-fill J1,r•"a1 ... ;inJ urhan ru1i-.•ff. \tnre.l\er. m 
mn'I .:nuntne'. mdu,tr~ '' al"' J1,.:hargmg 101<1 the 
mu111.:ipa! \\.J.,te-\\;ller ,\,!em,. ·J he'e fa.:t,,r, ma~.e it 
t:\trcmd~ Jiffin1!t t.> e ... timate the rnJ11,1n ,hare ,,f 
total \\a,te-\\atcr generated. 

Rut tragmcmar~ a\ai!ahlc J;ita mJ1.:a1e a '1gnr:icant 
,hare ,,f indu,tr~ in t11tal ,,a,te-\\atcr Ji,.:hargc .... h•r 
m ... tan.:e. the inJ,1,tr~ Ji,,;hargc of \\a,tc \\ atcr !nduJmg 
gr••und-\\ater mfi!tratll•n and -urfa.:e-\\atcr run-11ff 
11l!n puhhc 'e\\c:r' rn the f·edcral Rcpuhlr.: ,,f < 1crmam 
in !Yn I i' g1\ en in figur..: 111.9. I he 1ndu,1r~ 'hare 11f 

t. •ta! \\ ;i...!e·\\ at er d1,.:h;.;rge' \\a' ar. •LnlJ .~5 per cent. 
lf,1\\C\CL th1' mJu,lr\ 'hare utduJe, \\a,te "atcr 
d1 ... .:haq:eJ !'>~ puhh.: uulill<.:'. nm11ng and .:.>n,tm.:· 
ll·.>?L '.l;1nufa.:rnnng a!.•nc ma\ a.:.:.•unt f.ir a ... ma!kr 
per1:c111agc ••I t• •ta! \\ a-te-\\ at er J1,..:h;1rgc' a' rdk.:tcd 
Ill l'nncJ State' Jata 111ligurc111.911:-..5 per .:cn11 

C•>ll\C!llh•nai \\ah:r r·•llut1.•n .... u ... ua!h Jctcrn11n..:J 
h~ the an1<•unt ••I ht••l••gi.:;1! ll\\!,?t:n Jr:m.1nJ ;tnd 
.:hc1m.:a! ••\\gt:?! dr:mand. t.•ial ,u,pcnJcd , .. 1iJ,_ tac.:.1.l 
C••li!"•rm ha.:tcna. the k\d ••I a.:1J1t~. the .tlll••Ll!lt ·•I 
ph••,ph11n1' anJ the ••ti and !,!rt:a'C C<>ntt:lll. lndu,tr~· 
(etc! anJ pr,•.:e"-k\d Jata •1!1 '"Ill~ ,,f tht:'C .;,1n\e!l· 
ti,>nal \\atcr P••llutanh arc a\aifahk ill "'rllC L<>Ull· 
tnc'. S,imc ,,f th.: a\atlahk data arc prc....:nteJ bd.n\ 
f,1r ilhi-tratl\t: puq'k"t:' Whdc a!ni."t all mJu,tnal 
a.:ti\ itt.:' gcn.:ratc '"m" P••liut1<•n. a rdat:\d\ -mall 
numhcr ·•f mJu,tna! pr••.:c"c' arr: re ... p.in,1hk f,ir 1he 
hulk ,,f th..: m.fu,tnal \\atcr. ;1ir anJ "'hJ \\a,tc t.•;1J, 
generated 111 a gl\en are;i Careful 1Jcnufi..:at1"r. ,1f tht: 
mam hca' '--p••llutmg mJu,tnc' .:an thu' hdp !•• 

'irnphl~ the p<>!IU!hlll .J."C"rnenl \\hlk 'till .:••\t:rmt: 
Ill•"! ,,, the p.illutmg l1•aJ, ·•nginatmg fr.im mJu,tf'.. 
h•r m'tan.:e. tahk 111.22 rdl.:.:h the J,irnman.:c of a 
'mall numhcr ,,f mJu,tne' m mJwtrial \\a,tt:-\\;ttt:r 
.ti ... .:h;ir~..:,. Chcmu:ak rnmar~ metal'. paper anJ 
p.:tr••kum and -=••al a.:.:.1umcJ l.ir ah.iut 1'5 per .:.:nt ,if 
the t11ta! \••lumc ••I \\a,t.: \\atcr' in rhc 1·ni1cJ State' 
m.mufo.:turmg 'ed••r m l9S.~. It i, ·:.orth n"tlllg that 
••\er 55 per .:..:nt .,f the t•>tal \\ater Li-cJ in th.: 
manufa.:turmg ,e,·t.•r \\a' J1,d1argcJ untreated ;.!rtJ 

the: pt:r.:cntagc "' untreated lfi,.:hargc.J \\al.:1 '';" 
mudt higher for mam mdl\ 1dua! inJu,tne' a' ,h,•\\ n 
m tahk 111. 22. \f, ir.:. n .:r. a.:.:• •rJing t• • the m .. rc 
r.:.:cnt t · mtcJ State' I m 1r.,nmcnta! Pr••t..:<:lillll :\gc:n.:~ 
'unc~ ,,f t••\U: .:h.:mh:al reka,;.: 1~\ent••ric' in !9:---. 
fi\c: inJu,trie' a.:.:.1untcJ f1•r •l\t:r '>ti per .:cnt ,,f tnta! 
mJu,tr~ rdea'e' .ii t••\I.: d1cm1.:;1!' I<• 'urfa.:c \\atr:r m 
19:-.-. c-um;11cJ at 4 .. ~55 ht!:ion ki!.1grani-. lhc't: t••r 
ft\ c mdu,trtc' arc .:hcmi.:a!, I 2.t--is hilli• >n k1J, 1gr<lll1' 1. 
p;qwr pr.•d11.:t' i9'>t1 h1lh1•n i-il••gram'L p•:!r••!•:um 
rdmrng I !tin hi!li1•n ki!.1gran1'L totik mill pr••Ju.:i-

Figure 111.9. The discharge of waste waters by source in the Federal Republic of Germany and the United States 
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TtQlf m :::. •ter a ia m;ttct!I[~ iM-:~ 
MC llt jWt::J 9C011!. :'JIJI, 

lbtll Vilttr 111:tr:. 111:..r 1i~?'! i'!r::"tr.:• c._::4; ~n::=-; 
o.::;r IB!W IA!,ik! r«ttd!! cr:~:f'!~~ 

:•~i:iOl!S c! dc~i.a:s (liHioas cf It :m I 

lg61 'l 412 115 664 IM l.."9 51 !~ 
4j 54 14'! 'ji;_~ 

l!!j IQ 661 161 970 15 462 57 1191 5J 74' ~-~ ~~! !66 
l'!!I '6115 l&!I 0'7 17 6112 C'J 3'0 129 956 44 3'!: ~".~ l =~ 2 il9 
l'lfil 10 2W 121 573 12 5.."9 31 :a 91) Ci H 87; 54.: 9!9 ) =~ 

FcD! llld .r !ill H'l6 5 )(] 201a 2 C62 : 884 2 il"ll 64 • 
pmhl:ts 

tdllcai prolfacts 2G !29 6 460 !9 !!C !5 t 
'r!ltilt .:11 7fil I~ ; '64 5G5 ~ 44! ~=.€ 

prod1l:tS 
LlllDtr Md lllOil 22l !21 l 716 ~j ~ ~71j EJ.4 
prod1l:tS 

Flnitin .S " 21 403 II II I! toe.a 
firtins 
p~ 11111 .allied YI 21 257 41 0'!3 1216 21 1141 E 118 ,. , 

.... -· 6C 4]1! 
prlllllEts 

Omitals...i I llS 3' 5'4 27 127 12 924 2l 670 um ii' .C !17 I QtJ 
.am• pall!IJcts 

P!trolM - cual 260 ZJ en 911 280 l !6' 20 l64 2 65E 46.: 165 ~ 
prodr..s 

Niller. •iscrl- m I 246 l 325 219 B 239 6).5 37 
i-pUstie 
prod1l:tS 

la~- " 21 llC 23 23 t' LJ 
fit!IH prod1rtS 

Stair, cLiy illl 602 I 281 2121 '589 f/l..2 5~ 75.: lC Jlj 

9l.ass product$ 

P!llllfl _....ll 116 22 J6l 28 819 8 8'9 il 387 e 0:6 50 ' IC~ ... 
pmhl:ts 

F.ibritated •~l 724 9flC ! JSJ :er 73J 23: c;.: JJ l<f. 
pmhl:ts 
lltll~lectriCll 523 I 167 2 231 4~ 1a7 3'?9 67 .I; :c; 'E 
mdlifery 

El«tric.11 i!ld 671 1213 l 877 m 992 2b6 61.4 45 i~ 
eiectral ic 9'1ip-
llfllt 

TransjiOrt 380 l K! 1om '581 J 2fi4 52@ i;• .E ~~ :'! 
llqUI p!!ll t 

lllStl"lll!llts ..i 154 426 2 763 114 m !06 5C.O lG 4" 
:.!ated prod1rtS R1S("fl1 __ .,. 

80 57 rte l5 42 15 t 
r.ict11"i11q 

S!zm: lalited Stites anm of I.Ii. Cl!llSUS, St,ilistigl Abstnct of tile !a!ittd swtcs: :9!17 (llashill)tcn, n.c., !%~i. 
t./ lu9I aa est.blisi.its reportiaq •ter intite ~ 76 •ill1on !1tns. This l'l!p"5ellted 'l'i per ca:t illd Clfi per ce:: o! tt. 

tot.al •t« • ISliMted for •i•laq ed mnufactll'inq 111dustries. water int.lte ct!rrs to tllat llllicll is :Rd or ~~ i~ !Ile 
productioa lid proc!ISSlllJ opmliCIU .S tor mitary .servi<:es. 
~ Esi.llti-..U ll!pOrtillJ attr iJlt.Mt of 7611illioa lit:M « irn. Tbese 'lltr.ts de !IOt apply tll 11atrr ix:::~·a~ts aba:sier.: 

i:ohms t« -.f1ctari1111 ia 1913. 
r;J lefm to mt« Rtircui.ted Mid at.a' RllS4d. 
~I lltt. IStiat.s; aot strtetlr ~nlllt to otlltr recs. 
r/ VttHltld to awol4 disdcsi119 tndi,iai aJl!llllf ~ti. 
{/ riqin dDes aot -t pdlliatiaa stlndirlls. 

(112.6 biilion kilograms) and primary metals (41!. I billion 
kilograms) (sec appendix rable 111.64). h sh.iuld h.: 
noted that in terms of the mcasuremcnrs of strength 
and volume usually quoted, wastes of manufacturing 
establishments arc about two and a half times as 
great as tho\e of the United States 'ewagc establi,h
menrs. 

The character of !he efnuen1s from differenr indu'
rrics is remarkably varied, and hence lhc wmplcxi1y 
of lhc effects of indus1rial waste and the measure\ 
needed lo c11ntrol rhem also \·ary greatly. Oat a on 
more detailed characteristics of discharged warer 
wastes arc needed for a more meaningful a'ses-.mc:nr 
of industrial water pollution. Daia for India gi\en in 

table 111.2.l provide some detailed informalion ,,n 
ind1Mrial waste-water discharges. The volume 11( 

114 

waste-water and \·ario.1.• pollutanrs per unit of outpul 
arc given for different proccs~es. The characlcristics. 
volume of wa~lcs and pollutant~ vary depending on 
the narure of the product. raw malerials anJ processes 
used and the by-products recmered. 

.-\ recenl case-,tudy of industrial war :r pollution in 
the merrop,ilitan area of Alexandria. Egypt I[ 25 J. 
pp. 56-6 I). provides useful insights inro 1 ·1c nalurc and 
magnitude of industrial watcr·polhnion problems in 
developing countries. The study shows lhat 57 indu~
trics out of about l.24J indusrrial plant'> and produc· 
lion unirs located in the metropolitan area in l'JXO 
\\ere found lo he major sources of water pollution. 
W.l\(e load, from uiffercnt industries in 1he metro
pnlllan area arc 'ummarited in table 111.24. and the 
ii\ er age cont·entration of I race metals a pp..: a rs in 
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-~ter ••lut soli<tos Oli1!!fl Oli~ caastitil!llts i5plcts 
delilld ... 

tlilliqr- per litn1 
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table 111.25. The paper, textile and food industries arc 
the m.tjor contributors to the organic load. The 
concentration of trace metals is extremely high in 
tannery wastes which arc discharged wi1hout treat
ment into the sea. High levels of some trace metals arc 
also found in paper conversion, foundry, copper and 
electronic effluents. 

One useful approach to assessment of pollutant 
loads generated by different industrial processes is an 
analysis of industrial waste-load factors. Waste-load 
factors arc the normalized waste volume, or waste 
volume per unit of product or raw materials. The 
waste-load factors are usually derived from different 
indu~trial processes. There is, at present, no com-
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prchcn,i\c .:omp1la11on 11f \\il,tc-load fact••r' for 
numcr11u' indu,tnal pr11.:c,,c,. Rci:cntly. a hmllcd h't 
of indu,tr1al \\a,tc-\\atcr-load factor' f11r ,elected 
important inJu,tnal prrn;c"c' "a' prepared. and it' 
rewlt' arc apphcahlc in 'e\ era I de\ eloping i:t111ntr1e' 
t11 y icld a rca"in:ihlc in111al a"e"mcnt .,f indii.t rial 
waste-water l11ads [261. It must he cautioned that these 
factors :ire 'till preliminary. ;ind a' more data and 
factor 'Ur\c~ rc,ult' hecome il\a1lahlc:. they 'h11uld he 
periodically rC\ic\\cd and ad1u,tcd. and the cmcragc 
of the li't expandrd. 
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Solid \\a,te gcner;111on '' lar~cly determmcJ hy 
the pattern' t1f i:11n,ump111in ;snJ prt1dlict111p m the 
economy. '.\fa111c1pal \\a,te ;ind mdu,trial \\a,te ;ire 
particular!\ 1mp11rtant. hut a c1•n,1Jcrahlc amount nl 
\\a,tc al'" rc,ulh from air ;ind \\ater pollution 
ahatemcnt. :\' hcforc. \\C "ill 1•nly rc\ICW the n;1111re 
and '"urce' ,,f indu,tn.il "'lid \\il,tc. hut not the 
prohlc:m nf ""''c manai.:cment wch a' the tran,port 
and d1,po,al of indu,tnal "'lid \\a,tc. h1rthcrmt1rc. 



hatarJ•'U' mJu .. tnal \\;1,tc: \\ill he: tn:ai.:J -.cparatc:l~ 
m the: f••llt•\\tng 'C"ct1<•n lx-.:at1'C' ,,f u .. .:rucial 11np.•r
tan.:C" It• the: c:n\ ironmc:nt anJ human health_ 

It lllU't l:>c Ot>tc:J at the: t>Ut-.<: that the: pn>l:>kr.t ,,f 
_._1hJ \\a .. tc: i .. d•"C'h tnlC"rrdateJ "ith that ,,fair anJ 
\\atC"r pt•lluti•>n- h•r m'tan1.:c:. an ••pC"n Jump can 
C••ntributc: to air. \\ater anJ lanJ pnllu11<•n_ L1kC"\\1,c:. 
St>lrJ \\aS!C' Jumpc:J tnh> the: 'C'a Can pt>llUte the: 
marine: c:n\ ir.mmc:nt. '.\t.,n:,n er. \\a,te gc:nc:rateJ I:>~ 

air anJ \\a.tc:r p..•lluti••ll al:>atcment ..:;111 create: a ,..,(iJ 
,,a,tc: Jisp.,sal problem. 

The: gc:nc:rati•>n of mJu,trial ,..,[jJ ,,a,tc: '' al"' 
significant!~ inlluc:nceJ b~ the: n .. ing pnce' ,,f ra\\ 
matc:nab anJ ,,f C"nc:rg~ ••n \\t>rld markC"ts in rc:.:c:nt 
~c:ars. Par111:ularl~. higher pri1:c:s of c:nerg~ an.I ra\\ 
matc:ria1' l:•lupkJ \\uh h1ghc:r \\a .. 1.:-Jispo .. al 1:,, .. 1, 

ha\c: pr.•mptc:J the: dc:H:lupmc:nt ,,f (,1\\-',\a,tc: ;mJ 
dC"an tc:chn.•l••g1c: .. in dC"\dt>pc-J t:••untnc:-. \\hKh rc:Ju..:c 
and ra::~d1: mJu,trial \\a .. tc: \\lthin a prt1Jm:tinn ..:~dC". 
I"hc: em 1r.•nmc:ntal and c:t:••nnnrn: 1mphcat1<•n' t1f (,,,, _ 
\\ast1: and dc:an tc:..:hn,1l••g1c: .. "ill b1: c:\ammeJ in 
grc:atc:r detail latc:r. 

rahk 111.~t> 'h''''' ltltal anttlllnb ··f \\a .. te gc:nc:ratc:J 
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bt:..:au'c: ,,f the: different dcfiniti••n' u .. C"J h~ the: 
difkrent mc:mb.:r ..:i•untriC"' for C"a..:h ..:atc:g••r~ .,f \\aS!C". 
the tahk. nc:\c:rthc:lt.~ ... make .. II P''"'1hk It• gauge: the 
rc:lati\c: quantitati\C: importance: ,,f indu .. trial \\a .. tC" 
..:nmparc:d \\ith that frnm ••thC"r "'urcc:s. hir in .. tani:c:. 
snlid \\JS!(' pr,,Jucti•lO in the: l"nitc:d State:' tn !9S5 
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was alml)st 4 billil)n tonnes per year and agricul!urc 
and mining accounted for the bulk of this total. about 
38 per .:cnt and 3.5 per .:cnt. respecti\d~·. The industr~ 
share of llltal waste prodl!ction was kss at about 
17 per cent. Likcw isc. in Fran'--e agricultural waste 
claimed a lion·s share of about 70 per cent of total 
waste generation. equalling 600 million tonnes m 
1985. followed by 17 per cent held by the mmmg 
sector. compared with an industry share of about 9 per 
cent. Ir. contrast. agriculture and mining generated anly 
17 and 5 per cent. respecti,·ely. of slightly O\"er half a 
billion tonnes of the total wastes generated in 1985 in 
Japan. w-hilc industrial wastes accounted for almost 
60 per cent. These results are not surprising because of 
the dominant position of industry O\·er agriculture and 
mining in Japan. while agriculture and mining arc 
more important in the l'nited States and France. 

Agricultural w:istcs are principally organic. such as 
crop wastes. and a large part of them arc either 
ploughed back into the !>oil <lf compo!>tcd. On the 
other hand. municipal and ir.dustrial wastes arc 
relati,·el~ hctcrogenCl)US in nature. consisting of both 
organic and inorganic materials. and pose special 
problems of disposal with varying degrees of toxicity 
and hazardou!> contents. Table 111.27 compares muni
cipal and industrial waste generation in a larger 
sample of countries along with hazardous and special 
waste generation. In general. industry generates a far 
larger quantity of waste than municipal sources. for 
instance 3.8 times more in Canada. 3.5 times in the 
United States. 3.3 times in France and 7.5 times in 
Japan. In all cases. industrial waste generation 1s 
much greater than municipal sources. e\·cn considering 
significant inter-count')· \·ariations. 
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Appendix table III.62 pro\·idcs informati~n on 
~elected groups of industrial wastes generated in 
OECD countries. Data do not represent all industrial 
wastes nor their potential toxicity. but rc\·cal the 
rclati\'C importance of different types of indus~rial 
wastes in different countries. such as waste oil. 
concentrated acids. metal finishing and plastics ;..nd 
rubber. 

Data on solid wastes generated by various indus
tries is \·cry scarce. and average data. even if available. 
tend to be less useful because of wide variations m 
process technologies. production efficiencies and waste 
recycling among different industries. However. the 
types of wastes that arc expected to be generated by 
various industries are known. and they have been 
identified in appendix table 111.63. 

The question of what constitutes hazardous waste is 
a highly contentious issue from both conceptual and 
practical viewpoints. Tremendous differences exist 
between countries in both the methods used for 
defining wastes and the type of wastes included. owing 
to variations in the legal. institutional. and environ
mental conditions in different countries. Thus. what is 
considered hazardous in one country may not be so in 
another. This makes it extremely difficult to make an 
international comparison of hazardous waste genera
tion. Different countries. including Belgium. Denmark. 
France, Federal Republic of Germany, Netherlands. 
Sweden, United Kingdom ~nd United States, have 
de\·cloped their own comprehensive list of hazardous 
wastes for regulatory purposes. The merits and demerits 
of the listing approach have been discussed extensively 
in a World Health Organization (WHO) report [27]. 
Furthermore, intemationai organizations such as 
OECD and CEC arc attempting to develop a cross
refcrcncc list of h:izardous wastes as a first step 
towards harmonization of waste definitions.• 

According to the present intcprctation, hazardous 
industrial wastes can be categorized according to the 
nature and degrees of risks such as toxicity. flam
mability, cxplosivity, infcctivity and corrosivity. An 
illustrative example of the classification of hazardous 
wastes by the nature of risks is given in table 111.28. A 
partial list of hazardous industrial wastes is presented 
in table 111.29. 

National data on hazardous wastrs arc scarce and 
incomplete. Even if available, they arc not comparable 
because of variations in the definitions and classifica
tion schemes of hazardous wastes adopted by different 
countries. Table 111.30 provides incomplete informa
tion on hazardous and special wastes (excluding 
nuclear waste) along with chemical and non-chemical 
wastes in OECD countries in the mid- l 980s. Bearing in 
mind the severe limitation of international comparison, 
it is estimated that OECD countries generate about 
300 million tonnes of hu.ardous wastes, including 
265 million tonnes reported by the United States, 
around 1 million tonnes from Pacific OECD coun
tries, and 20 millior1 to 24 million tonnes from 

•f·nr dc1a1lcd d1<cu"'"" nn c•l~hh<honi! a practical cla.-1fica11on 
\Cherne for ha1arJ011< "il<IC< ddaplcd Ill the need< nr a counlr~. <CC 
( 2MJ. 

bplasiwes 

Olmlliwes 
llfecti .e, •iolaqiclls 

Clisial iadlstry, bel'f i*stries, 
Cllll-ksed talnll pMt pliltS 
plllmcelticlls, pesticides, 
pliStics ..i polyms 

Oil sllldlps, sol-U, pl~ic:itn, 
li~ Rt.II. Warts 
~ tittories, 
oil tmrs, Slfety Mtdles, 
pyntecllllics 

AciC slmies 
lmpiW. astir;, ..ta f- 11Ceat 11111 

- i.llStit.tes, 
f...uti• i*tries, 
•iatadmolOIJr 

lillml= c.u. lllrti, "lellth U,licati• ot m.- aste dispaul• 
ia !11Urt!1i 11Stc ,,,,_., S.P. llltuw ml otll!!s, els. (t-., 
Tfallllf, 1'9!). 

hb1c m.22. selected llwrdggs mta ii wvetqpim C!l!lllrics 

lleUl-f iaisllimJ .-es 
SolftBts 
lllmry lllStls 
Fluoride 
lrsaic 
Ptsticides 

Olttiaq oils, .:id slurry 
Veq!Uble oil ~MY. claial i.mistry 
Ollanlbli plillts 
lliUite, fertiliters 
Ptrtiliiers, llOOd-processiaq 
lillllfiCtllrt iDd fomil1tioa, oatdlted 
dispa5ll 
PliStics 
m. a1 steel. petrudlmicm 
isllesU< .:amt, -·ttioa iadistry, 
11Wldi119 imru, 

:i!lml: c.u. lirti, "lellth i1pliations of baurdaGs lliSte dispowl", 
ia liiardQ!&s !ilStt ..._.,., ~.P. lllltezou iDd others, eds. (l.Gadoa, 
tycooly, 1919). 

European OECD countries. About 88 per cent of 
these hazardous wastes arc generated in the United 
States. France, Federal Republic of Germany, Italy 
and United Kingdom are the main generating coun
tries in Europe. Data from non-OECD countries, 
especially developing countries, are not available. In 
Hungary, 3.5 million tonnes of hazardous wastes are 
generated annually [29). Serious hazardous waste 
problems arc likely to exist in some developing 
countries such as Brazil, China, India and Republic of 
Korea, given the industrial structure of those countries. 

By far the largest portion of the total hazardous 
wastes generated tends to be produced by industrial 
production with some minor exception. For instance, 
in the United States over 85 per cent of the hazardous 
waste is accounted for by the manufacturing sector 
([30), p. 43). On the other hand, in Hungary, the 
mineral industry is responsible for 66 per cent of the 
hazardous waste, with the chemical industry account
ing for only 17 per cent (29). Recent United States 
data show that among United States industries, 
::hcmical and aiiicd products accounted for almost 
50 per cent of the total industry hazardous waste 0f 
266 million tonnes generated in 19!0 (figure 111.10). 
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Figure 111.10. Industrial hazardous waste generation 
In the United States, 1983 
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Trailing far h<:hind the chemical industr~ arc primar~ 
metab I IX per cent I. petr<ikum and c<ial rr<1duc1' 
t 11.~ per cenU. fabricated metal pwducl\ I 9.fl per 
c.:nll. rubber and plastic pr<1duch 15.5 per '-·entl et::. 

.·\t nwre disaggregated industrial dassificati<in k·.d'. 
indl1'trial organic chemicals h:nJ tn he the highe,1-
\olume generator <lf ha1ard<111, \\a,te in the l "nited 
Si;tte". ~iccnrding l<l :i recent 'un e~ [ .~ 11. In fact. the 
l<lP Ill generating industries nf ha1ard<lll" \\aste in the 
t:nitcd State' in 19X7 arc dominated h~ \.lf!<ll!" 
chemicab. a' -.h11\\ n in tabk Ill.) I. 
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•· Transport, storaqe, disposal or recycliaq. 

:Seedkss to sa~. the l!pe and \Olume of ha1ard11u, 
waste generated depends on the c•in1p1hiton and si1e 
of the industry. :\ case in P•lllll is the electronics 
industry in '.\falaysia. one :>f the most important 
industries. with an :VIV:\ share of nearly 15 per cent. 
.-\ccurding to a 1983-1984 hazardous waste sun ey by 
the Department of En\ironment of '.\falaysia. 52 per 
cent of toxic and ha1ardous waste gen-::ratinn i' 
accounted for by the electronics industry. 14 per cent by 
the metals and electroplating industrie'. and the re't 
by the chemical. rubber. plas:ic. printing. packaging. 
tannery and pharmaceutical industries [.l2j. 

.~. Toxic chemica/J 

Chemicals have hecnme such an indi-.pensablc part 
nf modern lifr that almost all produch contain some 
chemicals or are processed or wrapped by mean' of 
chemicals. ~fore than 7 million chemicals arc now 
known and the list grows slead1h lnnger. :\bout 
X0.000 chemicals are currently known to be used to 
manufacture a wide range of produch to satisfy thc 
ever-expanding material con-.umption of modern life. 
Over 1.000 billion dollars' worth ,,f chemical produch 
arc today produced and sold all over the world. The 
l :nited States and Europe each prod11cc over 200 billion 
dollars· wwth of chemical products ([]]I. p. I X5 ). Each 
one of these chemicals used in manufacturing processes 
1s potentially ha1ardous if w-rongly applied or if 
relea,ed in large 4uant1ties by design or accident. 



Worse yet. they tend t:1 remain in some form or shape 
as p..1lluting agents long after their original job is 
done. Moreo\er. not only has the number of chemicals 
been expanding rapidly o\·er the past 20 years. but 
also their quan~ities ha\·e seen phenomenal growth. 
Global production of organic chemicals. for example. 
made quantum jumps from about I million tonnes a 
ye:-, ;il the 1930s to 7 million in 1950. 63 million in 
1970 and about 250 million in 1985 [34]. 

Because of the O\'erwhelming importance of chemical 
pollutants in terms of the quantities of pollutants 
generated and potential health risks and threats to the 
em·ironment. chemical industry pollution in general 
and toxic chemicals in rarticular would seem to 
warrant a special separate treatment. As in the case of 
hazardous wastes in the foregoing analy·sis. it is 
difficult to estimate exactly how much hazardous 
chemical waste is produced e\·ery year partly because 
of problems of defining the term ""hazardous··. as 
discussed earlier. Recent United States data will be 
largely relied on below to identify the types and 
industry sources of major chemical pollutants and 
t:nic chemical.> and to quantify them. since t.:nited 
States data on chemical pollution appear to be by far 
more comprehensi\·e and complete than any other 
country data available. 

In the com·entional sense. toxic chemicals discharged 
into the en\'ironment from a manufacturing or process
ing operation consist primarily of two categories of toxic 
substances. namely hea\'y metals and organic com
pounds. The sources of these toxic chemicals are 
found in many \'aried manufacturing industries as well 
as in the chemical industry.• 

•r(tr detailed Jc,cr:pthln" (lf \1lmC' llf the ln1l\A.O 1lr p1Hent1aii~ 

t1l\IC metal' and organic cnmp1~und'. their ,,,urcc' and cn"sron
mcnial dfrcts. \CC (X(. table' .i and 5. 

A more detailed re\'iew of sources and quantities of 
a wide range ,1f imp,mant po1entially toxic chemicals 
from \·arirn.1s industries will now be presented on the 
basis of 1%7 Cnited States sun·ey data. In 19l't7. the 
t:nited States Em·ironmental Protection Agency ini
tiated the Toxics Release lm·entory ITRI) pwgramme 
under which manufacturing establishment~ reported 
to the Agency information on more than 300 chemi
cals used or released to the em·ironment by manu
facturers. According to this first TRI sur\'ey. manu
facturing establishments reported the release of tL! bil
lion kilograms of 321( TRI chemicals into the air. 
water and land or underground wells. in addition to 
2.1 billion kilograms of TRI chemicals transferred off
site to other facilities. such as public sewage systems 
or incinerators for treatment or disposal <see appendix 
table 111.64 and figure 111.11). The most important of 
the 328 TRI chemicals along with their industry 
emission sources and quantities are gi\·en detailed 
treatment in table 111.31 at the end of the pre\·ious 
section.• 

A total of 10.2 billion kilograms in releases and trans
fers of TRI chemicals was reported in 1987. It must be 
noted. howe\·er. that sodium sulphate accounted for 
more than half of all releases and transfers of TRI 
chemicals in 1987. amounting to more than 5.4 billion 
kilograms. Therefore. the remo\'al of sodium sulphate 
from the TRI list owing to its apparently insignificant 
toxicity would not only reduce the total amount of 
release and transfers from 10.2 billion to 4. 7 billion 

•TRI chcmu;als cmcr < broad spcctru:n L'f toxicit} concerns. 
The: Jata Jtl ni't. h,1~c\cr. dire-.:tl~ mea,ur~ the am,.,unh \>f human 
or cn\lr•inmcntal C\P<"urc w chemical-. nor d<' the~ c'umatc the 
r"I.;' P•"cd b~ TRI chemical,. '.\.!orcn\Cr. total rclca,c nr tran,fcr 
am.nmt> ma~ c11n.:cal the fa" that a 'mall rclca,c of a h1ghl' l<l\iC 

<hcm1cal might he ,,f mu.:h greater cnn.:crn than a large rclca'c ,,fa 
m1ldl~ h>\lc 'ub,tancc. 

Figure 111.11. Amount of all categories of chemical releases and transfers by type of Industry In the United 
States, 1987 
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kilograms. but als<l dra!>tu:all~ alta the C<lmposui,m 
and percentage distribution ,lf outlets for chemicals 
release and transfers. Fnr instance. discnarges int,1 
surface \\ ata. \\ hich ranked first \\ ith a \ ery large 
share of the sndium sulphate 1 :5 per cent ,if the llllal 
sodium sulphate release in 19l\7) \\oulJ be reduced t<i 
last place for all t~ pes of releases ar.J transfers I see 
figure lll. 121. The acids. bases and salts class 11f 
chemicals. "hich accounts for t.9 per cent l)f t<ltal 
releases and transfers of TRI chemicals. wnuld dwp 
by llnly 33 per cent when sodium sulphate is n<ll 
included in the list.• Figure 111.12 shm\ s that -U per 
cent of the total releases and transfers of TRI 
chemicals was discharged into surface water. 14 per 
cent was injected int•l underground wells. 12 per cent 
emitted into air. 9 per cent discharged to public 
sewage and 12 per cent transferred to off-site facilities. 

With regard lLl industrial pauerns of release and 
transfer. the chemical industry tllpped the list by 
producing about 5.5 billinn kil.1grams. or 5..i per cent. 
of the total releases and transfers of TRI chemicals. 
follo\\ed by paper products ( 1.3 billinn k1lngramsl 
and primary metals 11.2 billion kilograms l. The rest of 
the top Ill are petroleum refining 13..i5.6 million 
kilograms). textiles 1158.8 milli,,n kilograms). trans
port equipment 1150.6 million kilograms). metal pro
ducts ( D8.8 milli,m kilograms). electrical machinery 
1134. 7 million kilograms). food products 11 J0.2 million 
kilograms) and rubber and plastics ( 125.6 millinn 
kilograms; (see figure III. I I). 

The en\irnnmental burden of the chemical industry 
in the L'nited States is further underscMed by 1he fac1 
that 1he chemical industry accounted for ..i!\ per cent 
nf total chemical discharges into surface \\ater. 2..i p.·r 
cent by underground injection and ..i I per cenl tt• 
public sewage trea1men1 plants. 

l he chemical industry lops !he list for toxic 
chemical emissions. t:\en when chemical e,;·,issions are 

•f·t)r .i m"rc .Jer.ulc:J .1nJ ..:11mplcte tfe,~r1pt111J1 ~·t the I RI 
.:h~mK.11 r<ka'< Jat.1 r."<- '« 1.111. 

measured against industry output. Whether measured 
in terms ,lf emis-.i,ins per l.llOO lfoHars ,,f \1\·.·\ ,,r 
gr,1ss ,1utput. !he .:hemical pnllutinn C11t:fficient for 
industrial .:henucals is almost (\\tee as large as the 
sec11nd-highest .:oefficient for paper producb tsee 
tabl .. lll.J2l. Lillie change m ranking \\as nnted 
het\\een lhe \1\"..\ .;,1etlicienb and the gr'''" ••Ulpul 
coetTic1ents. It is als,1 w<1rth nnting tha1 1hen: is a dtise 
rank c11rrelati•in between hllal emis-.wns and unil 
''utput coefficients in nwst industries pr11dunng basic 
industrial materiab. but \\eaker c,irrelation in capital 
goods industries. h1r instance. industrial chemicab. 
paper pwducts and primar~ metab ranked am.mg the 
top three in terms of both hllal emissions and unit 
•mtput measurement. By cnntrast. transport equip
menl and electrical machinery ranked se\enth and 
ninth. respecti\·ely. m llllal chemical emissions. but 
t\\elfth and tenth in terms ,if ernissi1ms per l.000 
dtlllars of \1\" .·\. 

Regarding -.pecific chemicals. TRI requires repnrting 
on 30S indi\idual chemicals ;;nd .!O chemical categories. 
The chemicals co\er a gamut of toxicily. ranging from 
acute!~ :ethal chemicals to mildly tnxic chemical 
\\hich may be subject to remo\al ffllm the TRI list as 
part of the ongoing re\ie\\ process of the Environ
menial Pfllteclion Agency. It should be cautioned. 
therefore. that !he large reported release <lf chemicals 
of relali\ely low toxicity may be less em ironmentally 
damaging than smaller quantity of highly toxic chemi
cals. TRI chemicals c11\·er a wide ranJ?e ,Jf well-known 
chemicals such as amm,inia. ben1ene and copper. as 
\\ell as obscure ones such as 4-dimen1ylaminn-aw
ben1ene. TR I chemicals are prnduc.:d Olli only a' 
produci... but are also usc:d as ra\\ materiab for other 
products such as solvents. disinfeclants. dyes and 
~atalys1s. 

.·\lthou~h more 1han JOO chemicals are included in 
the TRI 1i..1. the ll•p 25 chemicals accounted for ab11u1 
9-l per cent of total 19X"' releases and transfers (sec 
figure 111. IJI. II \\as noted earlier 1ha1 s,1d1um 
sulphate alone represcn1ed 5-t per cent of all releases 
and transfers of TRI chcmicais in 19X"' . 

Figure 111.12. Total release and transfers of TRI chemicals, United States, 1987 
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Figure 111.13. Top 25 chemicals with the largest release and transfers In the United States, 1987 

Sodium sulphate 
Aluminium oxide 

Ammonium sulpt:ate 
Hydrochloric acid 

Sulphuric acid 
Sodium hydroxide 

Ammonia 
Mtlhanol 

Toluene 
Phosphoric acid 

Acetone 
Xylene 

lilethyl ethyl ketone 
1.1.1-Trichloroethone 

Copper 
Zinc compounds 

Oichloromethone 
Carbon disulphide 

Chlorine 
Ammonium nitrate solution 

Wongonese compounds 
l'litric acid 

Zinc (tum• or dusl) 
Ethylene 

rreo11113 

1.04 
0.97 
0.86 
0.81 
0.79 
0.78 
0.68 
0.61 
0.58 
0.51 
0.51 
0.'4 
0.'1 
O.ll 
0.28 

Total: 22 519 million pounds 

10.81 

53.64 

~----r-----,---.,---------~-----, 

0 2 000 ' 000 6 000 8 000 10 000 12 000 
!Aillions of pour•dS 

Source En,,ronm,.nt;il Prol,.chon Agenr y. The To11c.• R11/ea.•11 lnvenrory. 1987 (W;ish1n9fon 0 C. GovP.rnmflnl Pronf1ng Ofl1cP.. 1989) 

Notos I pound 0 4536 ~1109rams 

Figures M•f lo hRr~ 1n<11cale p11rcent~ge\ ol !he tnf~I 

12.l 



Table 111..H summarizes O\'er 100 chemical releases 
and transfers by \arillUS manufacturing gr,,ups in 
19117 in the l'nited States. In particular. the to>ble 
makes it possible to 1demit\ readily the number and 
t~·pe of different chemicals discharged by different 
industry groups and their quantities. It is not surprising 
to find that apart from emitting the greatest am0unt 
of total chemicals among industry groups. the indus
trial chemicals group generates also the greatest 
urie?ies of chemicals. Other industry grcaps that 
discharge a rcla1i\'ely large number of different chemi
cals are iron and steel. non-ferrous metals. paper 

products. other chemical products. \l.llod products. 
furniture and fixtures. and capital go,xfs industries 
C•lmprising machin.:ry. electrical machiner~· and tran!>
por< equipment. 

By contrast. some light industry groups. such 
as food products. beverages. tobacco. leather pro
ducts and footwear. seem to generate a far 
narrower range of chemicals than other industry 
groups. The table may serve as a rough check-list of 
the types of chemicals and their quantitati\·e signi
ficance associated with the development of a g1\·en 
manufacturing industry in de\·eloping countries. 

Tlb!t Ill. ll. n>xic rel.em d!miQLs !zr iMustn Pl !zr !!tight. Ullited Sates. 1987 
(Thausinds o( pcmls l 

124 

Clllllical 

btoae 
lall•ide 
aaj1aiitrile 
li111ini111 (f• or dust) 
l1111i1i111 Oli.I! 

lll/2 
Food 

products 

llllD:iil 225.4 ( C52 J 
lllllolli111 nitrite (soln) 
lllmni111 sulphite (soln) 
lliline 
lltimly 
l~ic 
Asbestos (friable I 
Birilll 
Bmzene 
Bipnenyl 
a-thine 
(netllyl llrmide] 11.7 (5] 

l,l - But.diene 
Butyl acrylate 
g-Myl lloolxll 
g-Nyl alaml 
l,Z-81ty\111e oxide 
C•im 
Carban tetnclllor~ 
Clllorine 14.8 ( 210 l 
Clllorine dioxide 
Chlordlen-
Chloroetlln 
(Ethyl d!loride) 

Chlorofor11 
Chlor..tlline 
(llttllyl dlloridot] 

Chlorotllalonil (l,l
ll!n ?llled«ilrhln i tr i It, 
2, 4, 5,6-tetracllloro- J 

Chroailll 
r<*la1t 
Cc,per ,_ 
,_ hydropero1idt 
CJCloi911ne 
2,4-D (acetic acid, 
[2,4-did\lO~IJ)·) 

Dfarbrar.diplml!Ji Olide 
Di· ( 2~thylhexyl) 
~tnalate (!DP) 

Di.btyl pll!Jlil•lt 
Diehloroblllin 
(1ixlll 1.-rs) 

I, 2-D ielllorotllllne 
{Ethylene didlloride 

D ich lortmlthlnt 
{nethyltne cllloride) 

DitlhlMl•int 
Di~thyl plllhllatt 
Dillethyl sulplllte 
n-oioi:tyl phtt111latt 

m l14 l2J 
ll!ftr-ies Tdllcm t'Hliles 

:.6 (16) 

29.Z (76) 49 (48] 

51.5 (Z] 60 (50] 

34 { 12) 

IU (IOI 

122 
llNrinq 
ilP!)lnl 

m 
Leltber illd 

l•thel" 
prodlKts 

2 !'181.l (9) 

4 800.8 (20) 

I 054.6 (20) 

124 
Footlfir 
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Cllllical lll/2 lll ll4 m J:?2 l2l 324 

Food !left~ Tdlica> Ttrtiles llNrinq LHtller ind fbotte1r 
pralocts ~l lt11tber 

~rodtrts 

EU!yl acrylate 
EU!ylbetlzene 
EU!ylme 
Ethylme q!yool 
Ethylme mide 
Fcnl!dehple 
Fmn Ill 
lplrodlloric ..:id 
&plroqen cyanide 
lpl!lllJl!ll fllllride 
Isopr:qiyl alaml 
Lead 
Manganese 
llerCUIJ 
lletharol 62.3 (3] 

llethtl acrylate 
l!Pthy I ethy I 12tOll! 96 I 351 12.9 ( ll) 

llethyl isd>utyl ketone 12.9 (8) 

llethyl Ethacrylal! 
llethy lenebis 

(pllenyli:criqanate] (1111) 4.8 (I] 

!!ethylene bnaide 
llolybden1J1 tri!>x!de 
2-tletlllxyetllanol 
llaphlllliMlf 
lictel 27 (16) 
~itric aci~ 126.5 (98) 
2-tli tropopane 
Phenol 
f-Phenylenedi•ine 
Ph>Spll>ric acid 63.1 (345) 
PlllSplrlrus (yellow or 
lllite) 

Phthalic anhydzide 
Polychlorinated 
biphenyls (B<Ps) 

Propylene (plq)lne) 
Propylene oxide 
S..1ii111 hydzoxide (soln] I 306.9 (789) 68.6 (204) 552.2 (229) 4 500 (16) 

Soli111 sulphate ( S>ln) 503 (11) l 421.2 (153) 

3'!rl!ll! 
Sulphll"ic acid 37.6 (239) 55.4 (65] 102.9 (88] 3 700 (30] 

T~trad!loroethylene 
[perd!loroethylene) 17 (2] 46.8 (25) 

Trade secrete 
1,1, 1,-Trichlooiet.hane 
(nethyl dllororom] 41.4 (58] 

l ,I ,2-Tridlloroethane 
1,2, 4-Trid!lorollenzene 140 (2) 
Trichloroethylene 
1,2,4-Tri•thylbenzene 
Toluene &l.3 (34] 30.2 ( 16) l.6 (l) 

Toluene-2, 4-dllsocyanate 
o-Toluldine 
Vinyl acetate 
1-Xylene 
Xylene [ 1ixed lsm11s) 99. 7 (41) 
Zinc (C1111e or dust) 

Ct1!111cal lll 332 )41 l42 351 l52 153 

ll:od rurniture, Paper and Printing, Industrial other cbmlcal Petzoltlll 

pralucts and ti xtures paper pralucts pij)lishinq d!micils prodUCU rerintnq 

AO!!tonl! 49.2 (17) 110 (102) m.9 (129) 65 (281) 1 765.6 (l12) 

Acryl•lde 151 r JOI 
Acryla1itrile 15. 7 llrl) 

A1111ini111 (I• or dust) 122.7 (l) 

Al1J1ini111 oxide 71.2(170) l IIU (116) 

•nia 10.7 119) l 726.4 (606) 10.5 ( 121) l !.1 ( 102) 

•ni111 nitrate (soln) 644. l (ll) 

111110ni111 sulphatt (soln) 
Aniline 7J6.6 ( 54) 

Anti1111y l ( 16) 7.6 (B) 

Arsenic 3.1 (47) !. J ( 12) 

~tos (friable) 89.6 (6) 
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341 34: JS! J5.'? 
P•r .ind PrL?tinr;, llldustri.U OO!er c!lllli~ 

Bl 
lblol 

pralucts 

)]2 

F\lrnitu:~. 
alll! ii1ture; pipt!C praltrts ~·~ l1slu.nq ~;.:.is prodirts 

Barilll 
BSltl!llf gt)_:! ~l~! 
Bi?benyl 
!1t111Rtbale 

(11!!.ilyl 00.ide) 
1,3 - B~talien! SJ 9 (S4! 
Butyl acrylate 23.6 (!) l !Si I 0. 14~~ 

g~uty! alcchol (28) 49 le5! J { ll) 14 {I!} 26.2 r ll4 I 228. 1.t~ll 

sec-Butyl alcd!ol 4r 12.l) J2. ( !4l 
l,2-Butyl- O'J!ide 98.9 iol 
Cll!itr1 l 17) 
Carboll tetracllloridP. 80 i561 
Chlorine ~ (220) 59.6 ( 44'll 
Chlorine ~io1ide 
Ch!OrOOenll!!le : Il5 { 45] 
Chlol'Ol!thale 
(Ethyl clllori1e I !SJ I J7 I 

Chloroform 2<JO (90) 
Chloflll!thlne 

(Methyl dlloride I l 421 (55) 
Chlorothalonil (1,3-
Bentene-decar:tonitrile, 
2,4 ,5,6-tetracllloro-i 0.2 (5) 

Chnmit11 0.2 [6l) 
Cctialt (U! 
ccwer l.l (40) 
Cllll!l1e J7 .6 l2SI 
Cllll!lle hydropem ide G. J ( l5) 
Cycloh!une 10.3 !17) 
2,4-D (a~tic acid, 
(2,Nidl.lorq>lleooxy)-) 28.2 121 I 

Oec'Artmo!iplleny I cxide (2) 
Di-(2-ethylhexyl) 
jtlthalate (Dtl!PJ 10. 7 ( 4) 26. 7 (25) B.7 ( 44) 6 f24) 

Dibutyl phthalate J.6 (25) 
Diclllorobenten! 

(11i1ed ismersi 65.6 (5) 
1,2-Dicllloroetllane 
(Ethylene didtloride) 16. 7 (4'l) 

Diclllorcmethane 
(D!thylflll! cllloride) ll 65J.l il70) l 146.6 (279) 

Diethanol111ine 1.8 (66) 
Diethyl phthalate 1.6 11~1 
Dillethyl sulplllte 7.6 [16) 
n-Dioctyl phthllate 24.5 I l5) 
Ethyl acrylate 4!1i.4 (59) 440.4 (59) 
Ethylbeniene 156.8 (6) 54.3 (Ill) 
Ethylene 264.6 (12') 
Ethylene glycol 80.7 (6) !6. l (287l 5!1i.2 ( 259) 
Ethylene oxide 11.2 (72 i 
Fornaldehyde 4 300.6 (96) 119.7 (243) 2.2 ( 107) 
Freon Ill 1 ~.5 (39) 
HJ'lrodlloric acid 144.6 (15) 2 ( 145) 45 OOJ.4 (550) 40.8 (254) 
HJ!lroqen cyanide ll4 (28) 
HJ'lroger. nooride 
l:iipft¢yl alCDhol 22.1 (18) 198.J (65) m (60) 94.l ilu9) 
Leild 
IW\g~nese 

Mercury 10.8 (21J] 
ltethisnol 22.2 (41) 40J.1 r 1411 61);.6 ( 159) 0.2 (21 I 99. 9 r •<n1 m.6 11111 
MP.thy! acrylate 
Methyl ethyl klltone 45.I (55) 121.1 (194) 161 (84) 102.2 (37) :?'JU (136) 974.2 ( JJ5) 
Methyl isd>utyl ketone 12 (2~) I J8.6 ('11) 8!>4.1 (19) 186.J ( 164) 
Methyl methacrylate 250.5 (88) 
MP.thylenebis 

(phenylis:oqanatP.) (III) 2 l4U1 
Ml!thylrne branide 18.l (J) 

M<>lybdenlll t: iox1de 
Hlettllxyethanol 
Naphthalene 93.7 f89) (11 I 
"1ckel 1421 
Nitric acid 12.J (J) 
Hi tropopane 12.9 ii! 
Phenol o.6 [21) o. 4 I 1681 
f·Phenylenedi111ine 0.1 (6) 
P~tllric acid 10. 7 112) 1.6 ( l~O) 

l5J 
Petrol".J! 
rtlllll:llj 

!E.; 

640 

!JO 

470 

r·: 

lfiiii 

r 211 

(~J) 



m 332 m l4Z l5t ~ 

bd flnit1n, P~r ..t Prilltill!, ll!dust!:.al ot~r daical 
~rodllrts Hd firtqm plprf products pd:!isl?inoj dlm1als products 

P~!:"JS ( r-ll°" or 
lllite) 

Pntlll lic anllr!ride 
Po:r:hlorilllted 
bipllf.ll!lS(llC1sl ~3.5 ;t4) 

P:t.'pylme (pl":flllt) 
Propyl!!!e c1ide 
Salim h?dr'o•i<l@ (so!Rl u ( u: l n.s ( 3'7; 
Sa11111 sulpllit. ( Sllft l 91.2 ( 1491 
Stynne 5.d 110) 
Su!ph~ic 1eid 
T~radtloroethyl-

(~rdlloroethy!l!llf) 
Tnde ~te rs f9i ua ;41 
l, l, l, -Tridllcroet.'lane 
(methyl dllorofoa:) 41.4 ~~I au ::1) ll.J ;51) 

1.l .2-Tridlloroetlllne 
l,l,4-Tridlloroethy'.l!llf 
Trichloroethflene 
l ,2,4-Trill!tllylbem:ene 
TO!uetll! 122 illO) 6q&.7 1239) 
Toluetll!-2, 4-diiso:ywte 
2-Toluidill! 
Vinyl acetate 
.-xr1me 
lyle...e (aired ism!rs) IOU 174 1 815.l (201) 
Zinc (flll!ordustl 

A<l:~O:IO 

Aayl1111ide 
A~t~arite 
Al111i"im (ha or dllSt) 
A!IJlir.1111 Olide 
Jlmlnia 
Amonitat nitrate (soln) 
Jlmlnitat sulphite lsolli) 
Ani!i!I! 
Antimly 
Arsenic 
A*s!DS (friable) 
Bari\1:1 
Benzene 
Bipnenyl 
Bn:maethale 
(IP.thy! tneideJ 

l,l - BU'.adietR 
Butyl acrylate 
a-But fl aloollol 
a;·Butyl alatol 
1,2-Butyl!llt oxide 
Cadni111 
Carbon tetrac:lllor ide 
Chlorine 
Chlorine diox* 
ClllorotJenzene 
Chlorotth.Wle 
(Ethyl d\loridf!) 

Chlorofol"9 
Clllorone· 11ne 

(Methyl dlloridd l 
Chlorotllalonil ( l,l-

8eim111edeeutm i tr ile. 
2,4, 5,6·t.trr.hloro- J 

Chrolit11 
CC'bal t 
ccwir 
CIJltl'A 

l50 J!i6 
Rl:ltler Plastic 

prodlrts procllrts 
ft.t.c. 

Ill! (2031 

660 (?'.) 

1.7 (16) 

ll'l. 7 t ll7) 

12.9 '"l 

361 
Pottery, 

dlilla etc. 

24.l (5) 

9 (26) 

(J) 

l~ ; l4' 
~ ~~ i!~: 

i8 ')Si 
6 '10 :m; 

64 1631 
~ (l 054) 

4 46;!.1 i 4041 
364.2 t 2551 

4"39.4i9lli 

JU (Nil 158.8 (l~i 
57C.5 J~1 

I ll5a.8 , 48 i 

21 , .,, ' 
·~1 

67. 9 '56ll 

!.l i JC9: 

52 . ~s: 
r.= ·51 

~-4 : :471 
4. 7 i 9? 

m.5 (100) 116. 9 ( J6C l l ll2.l : 574} 

42.0 (41) 

l62 
GW$ 

pra!IEIS 

0. 7 : 27) 
16.4 (l::i 

218 I Biil 

m.9 1:~1 1 48:!.4 i4%) 
4. i ( 471 

369 
bl-eta! 
pmlw:ts 
a.e.c. 

155.5 il67) 

2 040.6 (16) 
J.4 1151 

LS I ~i) 

m 
lroll aad 
steel 

19.2 ii l 

5 213.<; (371 

105.6 i 4) 

2. ill 
1.2 i; l 

]79.4 ( 5i 
l46. J ( 7 ! 
774.l ( 19) 

1.5 (~I 

66 ) ( l) 

:2.1 i 41 

I IJ40.9 1121 

11 642. (liq) 
72.2 ( ll I 

628.l (~) 
10.6 ( 11 

So;.! .163' 

372 
b-fenoas 

•tds 

1.5 i 101) 

l •)06.6 i 114i 
m.a 1261) 
Zl.6 f2J9J 

ta f ll ~ 

12 ;2oq1 
l t.e ; I~• 

46.612211 
524 ( l8) 

l 341.7 (5~) 
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Tilllt m n !!i!!tllm 

a..ical 355 356 :.1 lli2 :s m )72 ..... Pi.stic l'llttery, GLISS b1ft.l 11:111 .. llal-ferro. 
.... '"tS prcllhl:ts cilia~- pnkts pnidlrts steti at.ls 

l.t.C. l.t.C. 

C..b~idf LC(~} 

CJCl*-
2,4-D (ICJ!tic 1eid. 
(2. 4-didllarqMDIJ J-I 

Dla..11rmalijlllayl midi (4) 
Di-(21'.hf!bly!I 
plltllllllte ( .. , 

Dilloty1 ~lite 3.5 {2! 
Didllarabmla 
(•i• i.slms) 
1.2-0~ 
(Etllyle9 d.ictiaridl I 

Didllorcmtllm 
(•tllrl- dllaride) 25.8 (14) 238.8 (121) 1.0 (2) 425. 7 ( 12) 209.2 il2l) 

Dietlllllolain! J.5 (ll 
Diethyl plltllWte 
Dilletllfl sulplate 
1-Dioctyl plltlllt.~ 
£Uly 1 Krflille 
Etllylla- J.J [5) 
Etllyl- 26.J (5) 
Etllyl- gi Jail 2 8C5.4 tl8) 77.5 (97) 
Etllyl- Olide 
Farm.ldellp 509.5 (!'}) 
F~ lll 11.1 Ill 216.5 [5) 
lplrudllartc 1tid 169 (26) 45 191 (92) 2 743 {7161 
IJdr'allla CJilldl 14 {Ii 
1Jllf0911 flat• 22 015.4 ( 15) 228.4 (128) 
!~lillcDlol JO {16) ll6.I (5) 11 (50) 
181 24.1 ( 4) l~ ll8.5 (58) l 571.l [227} 
~ 2.8 (12) 20 '178.7 (Ill} 
lllrcury 
ll!tllm>l 100 (l4) lll (8) 
ll!tllyl Krflilla 
ll!tllyl ttllfl lattGle 532.l [1211) tlil.9 (') 88) (108) 
ll!tllyl isdlatyl btOll 4 (21) 8.9 !II 92 (lll) 
ll!tllyl •tlllcrylilta 136.2 (18) 
llltllJ li!lebis 
{plmylisqmte) !•II 101.9 (II) 

llltllJ• blmidl 
ltJl JllllllH• trio1iclt 97 .5 [10) 
2i1PtlDlyltlllllll 16.5 Ill 
lllplltlllla 254 (l) 
lictel 8 496 (96) 2 '}18.6 (287) 
Ii trlc ilCld 24 585.8 ('4) 428.6 [550) 
2-li tropoplllt 
Pllenol l 688.2 [68) 

f-flllllyl..Si•i• 279.2 [l) 
Plm;h>ric ICid 56.l [l2) 6"6 (259) 

P!DsplD."'JS ( ftllOI' or 
1'1it.e) I 511.l (2) 

Plltllllic mllJ*ldl 
Pol ydllorillltal 
bipllmyls lllCPS) 941 (10) 

P!Ophyl- (prapm) 0.5 [2) 
PropyJIM Olide 
Slldi111 hydrll1ide (solDJ 123.4 [l8) 7 lll. I {91) l 069.l (I 2481 
Scdilll sulplllta (9111) 119.9 (167) 

strr- '})9 [ 170) 
SUlpllll"ic ICid ll9 {2'l) 85 449.l (1501 l m.2 (I 1021 
Tttrildllonittllyl• 
(l'vdllollltlbfl•J 1.5 (20) l)).7 (7) rn.1 l12'll 

Trade SICrtt. 
1,1, l, -'!'rldllcroeU-
{•lllfl dllon>fOlll) 101.7 [100) 66.9 (IOl) 21.4 { l2) 5 417 .2 {S4) Im.~ 1m1 

1,l,2-Tridl!OlOIU.. 148.2 (2) LC. (41 
l,2,4-Tri8lllyU.S. I 288.l (17) 

Tridllorottllf1- 1. 7 [l) 4'1.!.4 [2861 
1,2,M'rU.tllJU.Z.. 
Toi- m ('J2l 121.1 (91) 8.2 ( 41 200 [l6) 516. 4 [ 28) 787. I (2161 
Toh-·2, 4-dilsocy111tt !Je.2 {71 
g-foluldi• 
Vl.Ayl IOIUll 

ttXJI• ~.9 (l) 
Xyl- (1illd 1.-n) 5.2 (34) Ill [441 lll.1 ( 241 447. l [l651 
Zl.Ac (f1111 or d•l) 0.8 (2) 42 214.6 [56) I O&J.4 [2JO) 

12!! 



CIBical lllt 112 lll ll4 345 l~ 

llttll llldli~ Electrical Tnmp>rt ~ffSSiOlll! Ot.'IPr 

p:'Olkts a.e.e. lllC!liaery tq'.ll;mnt F illlfl:stnt:s 

bblf 96.S ! 4") u (l~I 631 (2711 

leryleide 
leryla:itrile 
lb•i•i• [f- or dust) 10 [2n 

llainim 01id! 2.9 (41) 61.6 (67) 

.... il 81.4 (102) 50.9 (S5i 81!.l i25) 

llllllll1a litnte (sola) 
lillali• 5114Ute (Siila) 140.S (2) 

111.ili• 
111t•1 
lnlllic: 
ISllestos {frilble) l):; :~n 

Blri• .._ 
Bi!llBJl ·-u-[•t.ltyl llltaide l 
l,l • lutidiellf 
Nyl lClJIAte 
g~yl •tai.'111 
g·Nyi •lcdlol 
1.2-Ntl• Olide 
c:Di111 
Qrtloa tetrldllonde 
Chlorine 
Chlorine dioiide 
Chlordlelt11e11e 
ChlorotU-
(Ethyl c!:lc-riJ! I 

Chlonlfoni 
C:;tormelllilGe 

(11tt11yl dlloride I 
Chlorotlltlonil (1,3· 
lllaiadecarllDllitrile, 
2,4,S,6·tetrE!lcro-) 

cm.im 6.4 (781 63 (67} (10) 

CdJalt 
Cqiper 8.8 (23) s 427 .8 [83) 80.4 (219) l.8 (~) 

c-
c- llydroplnlr!de 
CJtlOll'uae 
2,4·0 (acetic Kid, 
(2.4~idllorqilll!lmf)· I 

DDrlln:mliplftyl Olide 
Di·{2-1!thylbexyl) 
5'1tll&l1te (IDP) 

D i.bvt y 1 plltlll IA te 
Diclll«Oblllunt 

(11i1111 iuers) 
l .2·Dicllloroetlllftt 
(Ethylene didlloride) 
Diehl~ 

(•thyl• chloride) !l (Ill 29.4 {6l) 406.S [ 144) 218.6 (165) 95.6 (12) 

Dietlllllo!Alint 12.9 {24) 
Diethyl plltlll!Ate 
Dimtlhyl Slllplllte 
9-i>iodyl plltllll•te 
Ethyl KrJlile 
Etllyllillltft 
Ethyl-
!tllyltM qlyrol 1.6 [18) :~! ( 18) 

Ethyl• Cllide 181.6 r1n 

FOrN ldehple 
fnlllll !I) 2~.l [121) 587 {381) ''ii- •J n;i 1 24;: ( 12ll l!.1 [231 

R!drodllorte .:id 257 .2 [21) 8.7 [136) 21 f14Zi 

•!df'09111 Cflllide 
R,troq!ll fluoride 8.2 [87) 1~0 f J4) 

l9JP!1'i!JI •lcollol 11.' (56) IU I Ill 
lllllqi- 1.0 ( 48) 

lll!rcury 
lletllM!Dl 64 (801 2.2 [ 102) 11.1 flll 
lllthyl .eryla!.t 
lletllyl 4lhfl lll!tont 2~ (24) 1.7 (60) 412 9 [981 284.2 [219) 24.9 ( i;, 6l.8 ['14) 

lllthyl I sd>ut y! ~elllM 0.4 (2!1) o.9 r 111 1.8 (69) 7 .8 ( 141 

lletllyl •lllleryla!.t 
llltllylfllftls 
(pllenylimcywtt) (llll 

lllthyltnf bl'Ollide 
llo!thyl lldlutyl tltOllt 

129 



niii, i !I lJ giat !l!!r4 

a.iCll 311 ll2 JI] ll4 llS l'll 

-~ llD11Rq Electrical rr-port l'rof'5St011ll OtlRr 
pta¢lctS l.~.C. .mile!} .. t .-s i.llfustries 

R:ll ylldl!na triolidt 
2~1 
~11111- 19.4 14) 
licbl ll.S (57) 22.1 (0) 4<J (~) 

Sitric acid 520.l (2161 l44 (157! 69 (24i 
2-li tnlpaplllf 
,..,1 
f-l'!lelrflmd~i• 
Plmpb:lric acid 5.7 {ll6) 77. - I!) 
l'lllsplllns ( Jtll09 or 
ciaJ 

Pllt»lic .allydridt 
Pol yclllorialttll 
bipllmy!s ( llCPs I 

Plllpllyl .. IP..-.-1 
1'11lp? 1- oxidt 
Saliia llJ*'nid9 (SDb) 55:!.4 (117) l 148 t59l) 158 (!07) 16.5 (112~ 

Sali• sulplllt. (SIP I 420.2 (244) 
Stynm 1.4 (129) 
Sal;il!lri-: acid Jl.5 (110) 544.6 !607) 16 (290) 164.l (45) 
TttrdlolQtlllyl-
l~-tltfl•I 114.l (l2) 245.9 (!!) l6l (12) 69.l (14) 
!?W~te 11.1 (8) 
l, !. t -T?idl!or:otllllDt 
(•tllyl dll=f-1 ll (75) 80G.6 (461~ 568.6 (ll4) !74.l (82) 

1,1.~-f;itflkor:otllllDt 1.2 (5) 11.2 (5) 
l.!.4-Tri~ 
tnc11kmlotllym 257 (CJl) 1116.l ( lllJ) 465.'J (75) 28.l (l~l 
1.2.4-TriatllylllmaR 
Tiii- 4l !l2l) ]I.I (mJ 99 (244) 25.6 (32) u (74) 
Tlllll!llf-2. 4-dii~te 
Q-folui.dill! 
filly! ICJttlte 
f-IJI- 22.4 (I) 
IJI- (•i.Jllll is.rs) 34.4 (Cl) ii.'J (!Iii) 70.5 (201) 111 (242) 16.6 (24) 
Zinc (f• «dust) 

~ Envi-tll Protletim lq!tlq, DI List ol CIW!jg!s for 1911 lm!rtjaq, Section lll, fo1ic OlllliQI list, 
(lllsl11.aqta1, D.C., ~t Priatinq Office, 1'189). 

1!21§: Fiqins in pamtlles!s 1n war of fims rtp0rti119, s:iln • solutioa. 

6. Summary 

The: c:m·ironmc:ntal impact oi industrial use: of 
natural resources. in particular water. energy and 
mineral resources. was summari1c:d at the: end of 
section 8 of the: present chapter. Similarly. the: salient 
points concerning indu~trial pollutan1s generated in 
the: course: of manufacturing activities arc: recapitulated 
below. 

(a) lnduuruil air pnllution 

In general. manufacturin~ is not responsible: for the: 
emissions of most pollutants. Each major pollutant 
has its different major sources. Most importantly. 
electricity generation accounts for the: bulk of anthropo
genic emissions of sulphur dioxide:. transport acti\illc:~ 
, ·r nitrogen oxides and carbon monoxide:. and motor 
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\·chicles for hydrocarbons and lead. Industry. howc:\"c:r. 
is a major source: of particulates c:miss' .>ns in different 
countries. Some: estimates suggest that industrial 
sources contribl!tc: about 20 per cent of total air 
pollution. bl!t this may be: an undc:rstatc:mc:nt. Many 
manufacturing industries consume: a large: quantity of 
electricity. and power generation is a major source: of 
pollution. particularly sulphur dioxide:. The: manu
facturing sector should also be: held responsible: for 
some: of the: air pollution problems caused by c:kctricity 
generation. 

Data on air pollutants by disaggregated industry 
sources arc: not easy to come: by. Not surprisingly. the: 
fragmentary available: data consistently show that the: 
heavy polluters arc: those: industries producing hasic 
industrial materials; namely. chemicals. primary metals. 
paper. petroleum and coal products. fc:rtili1c:rs and 



building materials. "he1hc:r measured in terms ,if the 
t<i;:al quantity of emissions or the quantity ,if emis
sions per unit \ alue llf l>utput. 

I bl lttdu\tflal "at.-r pollurwn 

Industry 1s re .. p.insible for a fairly large share of 
\\a,te-\\ater di~harge of a number of traditional 
\\ater p•>llutanh. In addition. \\otter p.illuti<in is 
contributed by d.nnestic sliurccs. agri.:ultural run-off 
anJ many Jiffusc: s.mrcc:s such as prc:cipitati,•n l)f air 
pollutanh. soil p<illut!on ~aused by the application ,if 
iertili1ers and pesticiJe,. intensi\e animal husbandry. 
landfill dispo"31s and urban run-.iff. '.\foreo\·er. in 
mc>st CllUntries. inJustry is also Jischarging into the 
municipal \\aste-\\atc:r syst<:ms. These factors make it 
e\trcmc:ly Jifficuh to estimate the industry share of 
hital \\aste \\ater generated. Fragmentary data indicate 
a significant .. hare •>f industry in total uaste water 
discharge. rough!~ arnunJ 20 ~r cent. 

While almost all industrial acti\ iiie .. generate some 
polluti.in. a relati\ely small number of industrial 
pr.icesses are re .. p<insible for the bulk of the industrial 
\\ater. air and .. olid \\aste l.iad .. generated m a gi\en 
a::ea. For instance. a .. mall number of industrie ... 
induJmg paper. chemical ... petnileum and coal and 
primary metals. together accounted for ab.iut X5 per 
cent of the hllal \olume of \\aste \\ater .. gen<'.raled in 
the l"niied Staie.. manufacturing .. eclor in 19X3. 
'.\l11reo\er. according hl the more recent l "niled States 
Emironmental Prn1ec1tnn ..\gency 11nent11ry ,,f to\ic 
chemi;;al retea .. es in 11}1'-. ,- 'e induslne" accounted f,,r 
1n er 90 per cent , ,f lot al indu .. try rc:ka'e" ,,f hl\ic 
chc:micab inh> .. urfa.:c w;:tcr in 19!'7. c'umated at 
.i.355 billion kilogr.tms. Thc:'c i.ip foe in~u,me .. arc: 
chc:micab. paper produ.,;t'. pclrokum refining. te\lik 
mill products and primar~ meta!... 

:\ cro .. s-c11untr~ ..:1nnparison of wa .. te gcnc:ratinn 
ma~ he difficult 1min~ t11 the different dcfiniti1>ns used 
by diffrrcnt c1111ntric' for each category 11f uaste ... 
.. \,ailahle internatinnal data. ne\erthclc.. ... male .. it 
po,-;ihlc to gauge the rcla11vc quantitati\c imp11rtance 
of 111du .. trial \\ a .. te compared \\ tth that from other 
s1>un:e ... h1r in .. tance. the .,.11id wa .. 1e pr11duc11on in 
the t:nited S1a1c .. m 19X5 ua' alm•"'t .i hilhnn tonne .. 
per year. and agncullure and minmg acc111mted for 
the bulk of th:, hllal. ahoul JX per cent and 35 per 
ccnr re .. pc:cti,cly: the indu,lr~ .. hare 11f lolal wa .. 1r: 
pr11d11c1ion wa .. 1c ..... at about 17 pi:r cent. l.ike\\i,e. in 
Fr;incc agricultural ,,a,tc d;11med a lion·, ,hare of 
;;bout '.'O per .:ent nf l1•tal \\a,tc: generallon amounting 
111 600 milhnn tonne' in l'}X5. fol11l\\ed b~ 17 per cent 
held h~ the mming 'ec!11r. compared \\Ith an indu,rry 
.. h;ire of ahout 9 per cent. In .:1intra,t. agriculture and 
rr1mmg generated ahout I"' per cent and 5 per cent 11f 
'light!~ 1l\cr half ;1 hilli11n tonne' of the tnlal ua-.te' 
generated in 19X5 m Japan. while indu,tnal \\a,tc., 
accounted for ;1lm1"t f10 per cent. lhe'e re,ulh arc not 
.. urpn,ing hcco111,e 11f the domm;int po,ttion of indu,try 
o\er ;1gric11lt11re and n11nmg m .Japan." l11k agriculture 
and minin!? arc m11rl· important m thl· I ·nncd S1;11e, 
and hance. 

Data on '"lid \\a,re, )?encratcd hy 'an••u' mdu'
trie., ''\Cr\ ,c;1rcc. and a\crage d;11a. c\Cn 1f <l\ailahlc. 

tend h> l>e less u..eful because ,,f 11.ide 'ariations in 
pr<l\.--css techn,ill>gies. pruductil>n ctliciencies and \\astc 
recyding am.mg d1ffrrent industries. Ho\\C\er. the 
types ,,f waste that are e'\pected h> be gene!ated by 
\aril>Us industries are kno\\ n. and the~ h.i,·e been 
identified in the present .:haptcr. 

1J) lla::.ardoia inJu•tflai "cl Ht'.\ 

:"atil•nal data on ha1ardous \\astes are scarce and 
inc•>mrlete. E'en if a\ailabic. the~ arc not c.imparaole 
because ,,f "ide \ariatilins in the definitions and 
dassificati•>n schemes of ha1ardous \\astes ad<>pted by 
different c<iuntries. Bearing in mind these limitati<ins. 
the fragment;iry data sho\\ that by far the largest 
portion of the: total ha1ardous \\astes generated tends 
!tl be produced b~ industrial proJuctilin with some 
min<lr e\ceptitins. For instance. in the t:nited State-; 
ll\ er S5 per cent of the ha13rd.ius wa-.te is accllunted for 
by the manufacturing sector. Recent l."nited State' data 
sho\\ that among l 'nited States industries. chemical and 
allied pr.>ducts claimed almo .. t 50 pe; c~nt of the total 
indu .. uy ha1ard<lU!'> "aste of ::!M million tonnes 
generated in 19lH Trailing far behind the chemical 
industry are primary metals 1 IX per cent). perwleum and 
rnal pr11ducts I I I .Ii per cent I. fabri.:ated mclal products 
19.ti per .:c:nt). rubber and plastic pr1•due1s 15.5 per 
cen!I etc. At more disaggregated le\els. industrial 
11rganic chemicab tend to be the highc,t-\olume 
generahir of ha1ardous wa-.tes in the t:n11ed States. 

f e I 7i1 m· ch.·mical.\ 

It i-. diffi.:ult to e-.timatc the exact am;iunt nf h>xic 
chemicals pr11duccd in different .:11unme-. e\ery year 
partly hccau .. c 11f pr.ihlcm-. of ddimng the term 
.. i.nic·· as used in ditkrcnt c1•untrie-.. On!~ rccclll 
l 'n11e<l State' data -.c:cm to he .. uftiCJent h• permit the 
identificatinn and quantifi.:ation .,f the type .. and 
indu,tr~ .. our.,;e., of hl\ic chemicab. 

.-\.,;.,;11rding 111 the fir .. t T1nic .. Relc:a.;e ln,eni.1ry nf 
tile Em 1ronmental Prntection .-\gene~ in 19X~. manu
facturing e'tablt,hrnenh rep<lrtcd the rclea-.e ,,f 
S.::! bilhnn kit.igram' 11f .l::!X TRI chemicah mto the 
air. \\ater. land of underground wells. in add1ti1in to 
:!. I billion lit.•gram-. of TRI chemicab tran-.ferred off
-.ite 10 other facilitie ... 'uch as public -.c\\agc .,~.,terns 
11r m.:inerat11r' for treatment or di-.p11'al. Out ,,f thi' 
total. the chemical indu,tr~ topped the li't h~ pr11ducmg 
ah1n1! 5.-' hilli11n kilngram ... nr 5-l per cent of the t11tal 
reka'e' anl! tran,frr-. nf TR I chemicab. follo\\ed h~ 
paper product.. and prim;ir~ metal... The re .. t nf the 
ti>p-10 lht include' petroleum refining. tc:>.tilcs. tran..
p1>rt equipment. metal produch. electrical machiner\ 
and food prndu.:h. 

The .,;hcmical mdu,try accounted 1·or .ix per cent of 
total chemical d ... ch<tr!?C' int•• 'urface \\atcr. ~.i per 
cent h~ underground injection and .i I per cent 111 
puhhc 'c"agc trcaimcnt plant'. The .:hemu:al 1nd11,tr~ 
rop' the li't for !11\ic chcn11cal cmi-.,1t>n'. e'en uhen 
cherrn..:al em1"1on' arc mc.hured again,1 mJ11,try 
• ll•t put. Whether mea,ured m term' of emi"'"n' per 
l,(HIO dollar' ,,f \1\'.-\ 11r gr11" 11utput. the chemical 
p11llu111111 c11cfficic:n1 f11r mdu,tnal chemteab '' almmt 
tw tee a' large "' the: 'cc11nd-l11J:hc't c11cffiC1ent for 
paper prnd11ch. 
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Industrial pollution problems en
countered in the Katowice Pro11mce 
of Poland. situated 250 kilometres 
south or Warsaw. adjacent to the 
Czechoslovak border. rr~v typify the 
severity of environmenta• damage 
caused by industrial pollution in 
other highly industrialized regions of 
Eastern Europe. The largest number 
of the so-called -dirty-process plants·· 
in Poland are concentrated in the 
Katowice province. The bulk of 
these plants still use out-of-date 
technologies. This Province accounts 
for nearly all the zmc and teaci 
minerals mined and processed in 
Poland. 98 per cent of hard coal 
produced 52 per cent of the steel 
and 31 per cent of the coke manu
factured. and 32 per cent of the coat
fired electric power generated. All 
these ac!iv1t1es occur in an area that 

Industrial pollution and metal concentrations 

covers 2.1 per cent of Pctar.d with 
a population share of 10 per cent. or 
slightly over 3.5 million m 1980 
(35j. 

Under the e!ustmg conditions. 
about 30 per cent of gaseous sub
stances and about 35 per cent of 
total particulate matters of the global 
emission are discharged into the 
atmosphere by about 3.500 large 
sources. As a resur• more than 
2Ci out of 54 pollutants listea by 
the Council of Ministers exceeded 
national standards in the Katowice 
Province and. worse yet. many of 
these pollutants have annual aver
age concentrations 5 to 20 times the 
national standards ((36). pp. 99-107). 

Water pollution is equally serious 
m this region. The Vistula River in 
the Katowice Province 1s so polluted 
that it is not suitable for industrial or 

agricultural use. much less for drink
ing. The ma1or pollut1cn source is 
salt contamination from a dozen 
coat mines located in the regio:i that 
discharge 250 million ht~es of salt
laden waste water into the river each 
day. The high salinity of the river 
water contribut..!S to the corrosion of 
;:>ipes and boilers in those plants that 
have no other sources of water ([37J. 
PP- 20-24) 

.Air and water pollutants in the 
Katowice Province contain a large 
variety of hazardous substances 
,;uch as dust. sulphur dioxide. nitro
gen oxides. carbon monoxides. soot. 
hydrocarbons including carcino
genic compounds. hydrogen cya
nide. phenol and hea"y metals. The 
Institute of Environmental Protec
tion in Katowice recently measured 
the exposure of the local population 

Table JIU4. lletal con~tratjats in selected wtables f[(ll a!lotDents in K~towice. ClloUQ!! 414 Zabtaijce- lledzjmie 

Fl.KP of ~lir.; Metal 
and itP.11 

Katatice la! 
Cacmi111 

Chorzo11 Lead 
Cdilll 

Zablcll11ice Lead 
cacai111 

Averaqe week! y 
o:>llSlmption per 
capit~/ (g?a11S) 

Metal content in fMll vegetables 
___ P ... arss=l"~-- c.irrot Celea Red beet 
laves lklot Leaves Root 

(:lilliqraa; per kiloqn111) 

13.2 5.4 2. 7 13.0 4.1 2.4 
0.44 0.40 D.48 2.66 2.07 0.67 
8.5 3.5 4.0 9.8 6.0 2.0 
0.84 0.75 1.38 3.05 2.83 0. 73 

12.2 6.6 4. 7 5.1 1.1 2.1 
1.41 2.90 1.64 3.25 0.25 0.52 

35 35 l~ 22 22 145 

Potatoes 

0.5 
0.20 
0.8 
0.13 
0.8 
0.20 

1 900 

lleekl' El!la l 
intake with 
vegetables 
(Iii 11 iqr.lllS 
per 11etk) 

2.e 
o.71 
3.3 
0.81 
3.5 
0.99 

~: R. Kocharski and E. llmt111inska, "EXJXlSllI1! of edible and pasture plants and a>nslll!rs in the Kataiice District" (Kataiice, 
Institute of Enviromental Protectim, 1990) (11illeoqraph). 

1!2ll: t1axi1111 all011able 0011centration liaits reamended by no and lllKl are l 1illig?a11S for lead and 0.4-D.5 1illi9rams for cadai111 per 
lllelt. 

ti 8clsed on the results of a 1989 survey of 205 lr>USIMlds in Katowice District, conducted by the Institute of Envinnient.al Protection 
at Katowice. 
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iri vegetables in the Katowice Province of Poland 

to two toxic metals. lead an..! cad
mium. through the consumption of 
vegetables grown in the metal
contaminated soils m the Katowice 
Province. 

Lead is known to be harmful to the 
circu!atory system and to cause 
neurological disorders. The main 
origin of lead emission 1s non
ferrous metallurgical plants. mainly 
zinc and lead smelters in this region. 
Other sources such as iron and steel 
plants (mainly open-hearth furna
ces) a11i;I automobiles are also im
portant. Cadmium is also known to 
damage the lungs. blood. hver and 
kidneys. The main source of cad
mium emission is zinc smelting 
plants in this area. as cadmium is a 
trace element of zmc blende. Not 
surprisingly. the highest concentra
tions of cadmium are found around 
zinc processing plants m Katowice 
Province. 

In order to estimate the average 
weekly per-capita intake of lead and 
cadmium through vegetable con
sumption by the local population. a 
study was conducted covering 431 
vegetable plots in the Katowice 
region on the basis of a random 
sample of the most commonly con
sumed vegetables from each plot: 
that is. carrots. parsley. celery. rad 
beets and potatoes From each 
selected plot. 30 to 50 sample veget
ables were picked. washed as nor
mally done in households. dried. 
ground and mineralized. and then 
the metal content for each vegetable 
was measured. The results for three 
districts m the Katowice Province 
are summarized m table 111.34 
[38J. 

The sample results show that 
vegetable leaves are not surpris
:ngly. more readily exposed to metal 
contamination than roots Thus. the 
highest concentration was found m 
celery leaves ano parsley leaves. fol
lowed by celery roots. carrot roots. 
red-beet roots. parsley roots ::ind 
potatoes. The study group also 
estimated the average weekly per
cap1ta consumption of selected 
vegetables from a sample survey of 
205 households on the Katowice 
Frov1nce to arrive at the weekly 

intake of lead and cadmium through 
vegetable consumption The esti
mates of weekly vegetable con
sumption and weekly metal intake 
are given in table 111.34 Particularly 
notable is a very high per-capita 
consumption of potatoes. around 
2 kilograms per week. 

Given the maximum concentra
tion limits. recommended by the 
Food and Agriculture Organization 
of the United Nations (FAQ) and 
WHO. of 3 mi:ligrams per week for 
lead and 0.4-0.5 milligrams for cad
mium. the estimated lead intakes of 
the loca! population all exceeded the 
desired limits e)(cept in the Katowice 
District. and cadmium intakes 3re 
almost twice tne maximum limits for 
all districts. It should be noted that 
these estimates of metal intake are 
based on the measurement of metal 
concentrations in a small number of 
selected vegetables grown in the 
region. and exclude local consump
tion of many other vegetables anJ 
fruits that may be exposed to metal 
contamination. let alone intakes 
from other sources such as inhala
tion of air-borne pollutants and con
sumption of contaminated :ivestock 
products. They are. therefore. likely 
to be considerably underestimateci. 

These results are much mora 
shocking than comparable results 
obtained from Weste1 n European 
countries. Investigations carried out 
in Austria. Belgium. Denmark. France 
and Federal Republic of Germany. m 
the period 1979-1982 showed that 
the weekly .per-capita intake of cad
mium through the consumption of 
vegetables. fruits and corn products 
were estrmated to range oetween 
0.11 and O 34 milligrams. and between 
0.5 and 1 5 milligrams for lead ([38J. 
p 5) The intakes of cadmium and 
lead m the Katowice Province are 
several times higher than compara
ble figures m Western European 
countries. 

It 1s worth noting that the tho
rough washing of vegetables in tap 
water reduced their lead content by 
over 20 per cent. but with little effect 
on their cadmium content Peeling 
root vegetables can. however. be an 
effective way of removing some of 

the metal contents. for instance. a 
20 per r~nt decrease of lead content 
and a 20-30 per cent reduction of 
cadmium content in meals prepared 
from these vegetables. Moreover. 
over 90 per cent of lead and cad
mium was removed from potatoes 
and deposited in the waste wt1en 
potatoes are subjected to alcoholic 
fermentation. These contaminat€d 
wastes are. however. often fed to 
livestocks as a fodder in the Kato
wice region ((38}. p. 6). 

Giver. the 1elativaly large quanti
ties of potatoes consumed m Poland 
as a staple food. the per-capita 
weekly consumption of which ranges 
between 2 and 5 kilograms (nearly 
twice the amount of consumption in 
other countries). scientists at the 
Institute of Environmental Protec
tion at Katowice conducted an 
investigation of lead and cadmium 
concentration m raw potato samples 
from 13 regions m Poland ((391. 
pp. 113-118). Four of these regions. 
including the Katowice Province. are 
highly industrialized centres. and tha 
remaining nine regions have less 
industn;;.I intensity. The results ;re 
summarized in figure 111.14. As 
~xpected. all the districts within 
Katowice Pro ... ince as well as 
Katowice Province as a whole. 
noted for their high concentration 
of heavy polluting industries as 
described earlier. showed much 
higher concentrations of lead and 
cadmium than other regions. In 
fact. most of the districts in 
Katowice Province greatly exceeded 
the maximum tolerance limits set by 
the Government of Poland for lead 
and cadmium concentations in pota
toes. respectively 0.4 milligrams and 
0.06 milligrams per kilogram of pota
toes. By contrast. lead and cadmium 
concentrations m raw potatoes in 
other regions of Po•- nd appear to be 
less serious with few exceptions 

This case-study of lead and cad
mium concentrations 1n potatoes in 
Poland 1liustrates forcefully one of 
the numerous links between indus
trial pollution and health haz<1rds. 
and once again underscores the im
portance of env1ronmer.tally sound 
industrial development 



Figure 111.14. Le.ct and cadmium concentrations in potato samples from different regions of Poland 
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I>. lndu\lrial proce\ws and pollulion 
in \elected induslrie\ 

I. Pollution in hif'lr·technolnKJ' inJu.~trr 
the ca.~t of electronin manu/aaurinK 

High-technology indu,lr} i' gcner;11ly regarded a' 
the m11st dynanuc and gr11wth·onentcd :nd11,1ry. 
Broad I y speak 111g. high-lechnology mdu'I ry cncom
pas'e' k no\\ lcdgc-inrensi\ c. 'oph1,11c;11cd rcdrnnlogical 
a..:tl\llie' 'uch "' clecrronics. h1otechnolog\ ;1ml nc" 
material,. In the present 'cct111n !he 111d11,tr1al poll1111nn 
prohlenh of one high-tcdrnolog\ indu,rry. namcl\ 
elcctr••ni..:' manufacrurin)!. arc C\ammcd 

J l.t 

lligh-technolngy indu,try is gcnc.:rally pc.:rcci\ed as a 
dean industry. 'mce an industry su..:h a' clcc.:rronics 
rnanufa..:turing rc4uircs spick-;1nd-,p;111 deanline-s at 
the '"'ork station. \\hid1 i' c"cnrial t.1 pr11duc111g 
mi..:r11-clcctronic' dc\icc'. \\hdc gcncr;1t111g J111Jc of 
the traditional mdu,trial pollutant' '11d1 a' 'ulphur 
<lio\ldc and ..:arhon monoxide. Tl11' '' a gro" mi'
..:on..:eption. ,\ large i.jllanrit y , ,f '"" cnh and cleaner·, 
Mc u'cd to keep thc \\ork pla..:c .:kan. and snmc of the 
d1cn11..:al .:kancr' ;ire rclea,ed inr.1 rhc cn,1r11nmcnt. 
W11r\C yet. the ck..:trontc' inJu,tr\ '' h1ghh d1cm1cal
tntcr1s1\c, 11,in~ a \\Ilk range nf li•\I..: chcnm:ah 111 rhc 
\arii;u, pha'l'' nf rhc manufacturin)! pro..:c" 'uch "' 
deaning. d1ff11,111n. chcmi.:;1J \apnur dcpm111on and 



etching in the case of semiconductor manufacture. 
~1ajl)r to\ic chemicals generated from sc:miclmducillr 
and printed-circuit-board manufacture arc listed in 
tables IIU5 and llUt-i. 

hblt III. J5. aw.ruristig; of m ~tc strrm !!'91 tZ 
ll!!!!ftctm of HliC!!!W.."tcr det; ,;cs 

llti9z"f 
ln&ic 
lerylli• 
CIE• 
<llrali• 
Ol!IPer 
C'faidt 
I.Md 
llerory 
liml 
Seleai• 
Silter 
!llilli• 
1ilc 
l'llelols 
Oilillll.-
1'lltAl ~ soli~ 
fGtil ..,ajc: arllal 
liodBiQl OIJ~ 
*-' 

fl1111ridt 
1,2,4. -tridllonllemae 
1,1,l-tridlloroetbilf 
Cllcnfon 
1,Hidllorallelluae 
1,3-didllonllllaR 
1,4-didll~ 
l,l-didll«Oltlly1-
2. 4-didllorllpllellol 
ltaylllmae 
lll!tb'f 1- dlloridt 
~ 
2-a.itrapbmol 
•-aitrapbmol 
l'llllol 
Di...-octyl plltMUte 
Mnd1lorlll'.lyl-
tol-
Tri.-:Alorotthyl-

C-tntioa r-. 

OOH>.117 
003--0.067 
001· .015 
001--0.00I 
001·1.1511 
~2.511 

~.01 

OM.459 
001--0.0'jl 

~-"' 
002--0.045 
001--0.0ll 
001--0.012 
001--0.219 
CA>H.l 
i.1u 
i.203 .. ., 
9-202 

i.llo 
01·17 .1 
01·7.7 
01--0.05 
01-116.0 
01·14.I 
01-u.1 
01--0.011 
01--0.011 
01--0.101 
01·2.4 
01-1.504 
01--0.019 
01--0.11 

OU·l.5 
01--0.01 
01--0.IO 
01--0.u 

007·1.5 

0.021 
0.011 
o.oo~ 

0.003 
0.12' 
0510 
Q.005 
0.145 
0.()(M 
0.502 
0.021 
0.005 
0.015 
0.0'3 
0.630 
5.051 

31.61C 
55.676 
52.761 

62.000 
4.643 
1.3'5 
0.015 

15.972 
1.450 
1.341 
o.m 
0.012 
0.021 
0.241 
0.214 
0.024 
0.061 
o.519 
0.010 
0.122 
0.011 
C.322 

I•try-vidc 
polluUDt dis· 
cllulJf 
1tiloqr• ptr 

o.~·· 

13.2 
n.2 
1.9 
1.9 

'9.9 
540.7 

3.1 
61.5 
5.i 

6~.6 

6.~ 

3.1 
11.3 
tli.5 

112.6 
2 771.l 

lO 470.6 
17 094.2 
31141.l 

35 909.0 
257.5 
921.2 
15.7 

4'9.3 
174.0 
156.4 

9.4 
9.4 
6.1 

276.l 
lt.S 
2i.6 
15.1 

203.5 
6.3 

161.0 
ll.9 
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~: T • ._ 11111 otllus, relic ilMtc •ini•icatioo iA tl!c Ptiated 
~ ll'art liq, llell Jervy, lofes i.u CofllOl'1tioa, 1911\. 

IM;:'. l[i ' IOt det«..ed. 
If n-11te wi~-

The elcctr1mic' manufacturing industries rndudf' 
a wide \·aricty of rroccsscs and products. They 
inrludc electron tubes. X-ray tuhcs. cathode ray tuhcs, 
semiconductors. integrated circuits. diodes. memon 
chips. transistors. capacitors. condensers. resistor~. 
thermistors. \amtors. printed circuit hoards and 
ncxihlc cir..:uih. Among thC\C product\. electronic 
component' arc a major en\ironmental concern. in 
particular semiconductors and printed circuit hoard,, 
on which the prc,enl rc\1cw will focus. An mtcgratcd 
circuit i' a numhcr nf 'cmiconductor dc\"ICC' in1cr
cnnncc1ed on a single chip. 

The :t\sc,smcnt of 111xic wa,tc' from prin1ed-circu11-
hoard and 'cmiconduclor man11fa1.:111ring is c11mplc' 
hccauo;c of certain i1014ue feature' of the manufacturing 

Ttblc III. ]6. Ollrtcttristics of r• HStc strew tm 
ariatcskimit=io•rJ! llll!!ftct.uriis 

Comtit11t11t 

tow SllSpelldtd solids 
cytaidt ltoUl) 
C'ftll.idc lmndlle to dllorialtiool 
Copper 
licbl 
lad 
airo.i• lbtu•lieat) 
Pluaricl!s 
Pbclspllmls 
Sil YU 

PUlidi• 
Gold 
!thy lent d.iaiR tetn-la!tic a:id 
Citnte 
Tutrttt 
ii trilotriicetmitrile 

l.lnqt 
lllilliqr• per litnl 

O.~~-IOI.' 

0.002·5.lll 
o.~4.'45 

1.512-515.7 
0.027-1.440 
0.044-9.701 
0.004·3.543 
0.641-6IO.O 
0.0~33.IO 

O.Ol6--0.:!l2 
O.OOl-0.09i 
0.001-0.1'0 
15.1·35.I 
0.9-1 342 
l.H lOI 

47.6·410 

~: T. a- .S otllers, Jorie !!IStc 1ip,jliz1tj111 ia tbc prjgtcd 
Cirqit IOlld lD$lstly (Put liq, 1111 Jersey, IDyes Dlt.I carpanticm, 1911). 

process. First. subtracti\·e processing. which in\ol\es 
coating a board or \\afer with a layer of materials. 
etching and remo\ing or dissoh·ing unwanted materials. 
generates large quantities and \·arieties of toxic wastes. 
Secondly. numerous specialized chemicals and chemical 
mixtures are being de\"eloped to meet strict quality 
control requirements of more sophisticated electronic 
components emerging in tht> market. Thirdly. literally 
thousands of proprietary chemical formulae are now 
being used in the industry. and the composition of 
these chemicals are often kept confidential ([ 40). 
p.242). The manufacture of printed circuit boards and 
semiconductors and the waste streams associated "ith 
each process step are depicted in figures Ill 15. and 
111.16. Major waste streams of concern are spent 
organic sol\ents or metals con.taining waste,. '.\1ajor 
constituent chemicals in ~aste streams from semi
conductor and printed-circuit-board manufacture arc 
identified and their concentration ranges quantified in 
tables Ill.35 and IIU6. respecti\"ely. Organic sol\cnts 
arc used for. wafer and board cleaning. and for the 
de\eloping and stripping of photo-resist materials 
uo;ed in the image transfer and circuit fabrication 
pr.lcesscs. \1aj .r hatardous wastes generated in sub
stantial quantities by semiconductor manufacture in
clude chlorinated sol\ents. unch!orinated sol\ents. 
fcrons. photorcsist dc\elopcrs and 'trippers. and 
contaminated \acuum pump oils. To.\ic wastes that 
may he generated hy printed-circuit-hoard manu
facture include o;ohcnh. dc\clopcrs. 'trippers. copper 
etchant. clcctrolc's copper o\ erno\.\. chromic and 
tluoroh1lric a..:ids. solder 'tripper,, !luxe,, fusing fluids 
and \.\a\c oils. 

The primar~ pollutant' in the manufacture of 
printed circuit hoard' and other clcctrnnic d:\ ice' arc 
copper and lead. To a lesser extent arc found cyanide. 
sil\cr. chromium nickel and 'omc precious metal\. Tin 
and nuondcs also Pll\C po1cn11al pr"hlcm' in direl.:I 
discharge to watcr\.\ays. Typically. rin,cs after j'lla11ng 
or etching a..:count for ahn111 a half of the pollutant\ 
generated. The rc'I come from dumping spent stripping 
'olu11ons. ctchants. cleaners. act1\al11r' etc. 



Rgure 111.15. 1..-.i.gn11ied printed-circuit-beard production tlowsheet •nd W8ste generation 
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The high volume of wa,te' generare<l hy ekctronic' 
manufacturing pr<l\:es'e' j, cau,e<l hy the c\treme 
p·1~ity required in pr11ce" chemicab. o,1,hich leaJ, ro ;1 
rclati\cly high volume nf o,1,a,te generation per unit of 
output I compared "ith. for in,tancr:. fahncallon and 
1inc-clcctroplating of fa,tcncr,). Rut "hat i, mnrr: 
important than thr: \olume at the plant le\el i' the 
<l1vcr,ity of o,1,a,tc 'trean1' generated hy the'c procc'
'c'. "' ilh1't~atc<l earlier If~ 11. p 2X5). 

In 'um. the high-technology m<l1"try ., not a 
poliutit1n-frcc m<lu,try dc,pllc the image of ih clean 
o,1,orking environment. It j, true rh;1t rhc high-tcd1-
nology inJu,try doc' not rclca'c highly \i,ihlr: tradi
tional pollutant\ into the cn\1rorirncnr 111'.c 'mokc· 
,t;11.:I.. mdu,tnc'. hur 11 ., hl·,ct h\ rhe cvcr-1m:rca,ing 

l Jf1 

Ji,chargc' of a "i<lc array of toxic \\;i..tc,, an<l of 
numcrou' proprietary chemical mixture'" hmc toxiclly 
and Jangl·r, to human health ;111J the cm ironmcnt arc 
yet unkn1mn. On the other hand. rhc r:lcctronic' 
inJu,try ''not only C\pcctc<l to play the central rolr: in 

the progre" an<l <l1ffu,11ir1 of informati1in rcchnology 
an<l in re\' 1lut11111111ng the tclcc• 1mmunica1111n' inJu,tn. 
hur al" 1 'uch mii:ro-clccr r.inic'\-ha,e<l informallon 
1cchnol11gy ., c\pcctnl !<> he incrr:a ... 111gly applied lo 
hcttr:r pollution c11nrrol and protr:c11on of thr: cn\1ron
mr:nt. I hr: practical apphc;111on' of n11cro-clcctro111c' 
rr:chnology arr: numr:rou,, 1111.:lu<lmg. lnr 11i..tancr:. 
em1ronmr:nral m11n11nnng ,\,lr:m' for air. o,1,;11cr and 
Lind polluranl\. op11111al \\a,tc managr:rnr:nr. lo\\· 
""''r: and clean 1r:ch1111log1r:'. and en\ irnnnwntal 
aud11111g and impact a"c"mcnt 'Y'tr:m'-



Agure 111.16. Subtractive printed-c:ln:uit-board production flowsheet •nd .. ste generation 
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2. Summary of major proce.u-related pollutant.~ in 
.{elected indu.ttrie~ 

When wn,1<lering 111du,trial pollution at the plant 
itnd prncc" lcvch. man) different procc"c' that 
gcncratl' many different type' of p11l111tan1' itnd many 
po"ihlc mcthmh for pollution control and ""'te 

m.inagement m11't he taken into account. The ni'tence 
of n11mero11' procc" tcchnologic' \l.ithin a g1H:n 
in<lu,tr) may precla<lc the gencrali1a11on .,f indu,tnal 
pollution charactcri,tic' at the procc" lnc1'. There 
arc. ho\l.cvcr. ca'c' \I.here the procc"c' arc 'imilar. 
·1 hi' pl·rmih ii di,c11"ion of a "t)pical" pollut1on 
prohlcm for a "rcprc,cntativc" proce"- l·or ill11,tra-

l.l7 



ti\e purposes. an attempt will be: made ll~ determir.e 
se\·eral such representati,·e processes from ~elected 

in<lustries and to id~ntify the major pollutants ass,l
ciated with each process. The results arc summari1ed 
in table 1!1.37. It is beyond the scope of the study to 
prepare a comprehcnsi,·e list of pollutants specific to 

!'*'try Process 

!rllll ...i st~! Sintt!r inq 

c.omakini; 

~[lllUCl! 

Basic Olyqtll [~ 

Electr ic-uc f1ll'lll0r 
Dil'Kt re&lction 

lotor ftllicle ~iaq 

Assembl1 

Pttrol- ref iaimq trilliaq 

Storaqe 

cnde separation 

Lit#lt bydrocaboa 
processinq 

liddle- lDd 
lleivy~istillate 
processinq 
~idual bydrocarbon 
processinq 

Petrole11a refininq 

latller t.lmiDq 8el*luse ptQOe:5S 
(vasbinq, soakinq, 
liliaq, llllllliriaq etc. 

Dryinq opu1tion 
,_iaq 

l'Ulp and paper Mp aill 

iiOod prep.iration 

Oieaicil pulpinq 
Kraft pulpinq 

Papenaltinq 
Soda·li• qlass CUI let quencl11nq 
(i~t 

lall!I envelopes l 
Text1le:s a.w llOO 1 SCOllr i nq 

(clWISillq) 
Yarn and fibric 
-fic:ture 

ilOOl ti'isbinq 

llonn tibric tinisllinq 

l.lX 

different production processes and characterize the 
nature and properties of these pollutants. There arc 
numerous technical pablications availaolc for further 
detailed studies on the pollution problems of specific 
industries: for instance. those listed as sources for 
table IIU7. 

.. jor tfll'S of pollruiit 

Sulpllm' .Uo1ide, oil, qreiKS, 
b·1drocM!Ms 

s.aipr. dioiide, bydrturtms. 
bydroqs cyuide, -ia, pb!Dol, 
sulphide, D>, oil, qryws, .cid, 
fl110ride 

Olide sale fonltioa, Mt 
But, airtlonie fluie:s, Silq plrticle:s, 
CilllOll 4io1ide, 01ide:s of subaicron 
iraa Mt 

v11.u plrtic.al.t.e:s 
iuious .utionie solid llld q.ISeOUS 

AStes, •ise polb1t.i0il 
Oils, .WS, cam.illtal procm llld 
oocliaq Ater, ar..ai111ted powr-lloQse 
Ater 

la>, all, beuYllfllt dlroai•, 
Sll'ipmd!d sr.lids, tri•llfllt cllrmi•, 
:inc 

aid, S.Ut lllta", free milsifitd oil, 
tllli-bottan sludqt, 11t11rll CliS .ud 
oil sp.lls 

Sodi• cllloride, sulplluraas ~. 
tetnetllyl lelll, Sillll putiadate:s, 
llydrOClrtlols 
~ -•icle, -.ii, bydrocis 
sulphide, llydrowllaa, sulpllm' dio1ide, 
pllellols, de:sllted lllta". speat --
solutioas, COltiWited coadell:wte:s 

l'!lasporic 1eid, putiad1te:s, Cilboa 
-•idt 

Spelt ~cs, pllellols, lllttildebyde, 
-.ia, speat Citilyst fim, .cid 
sl•, mte cliy, wt>oo -•ide 

li!odoraus ftllt qiS fra. lliSte Ater 
illd ptrtiad1te:s 

Oi I, sulphides, me1pU!ls, cyuide:s, 
-.ia, pllellols, Grqlllic S.Uts, 
plloljlbite:s. lleiyY ltWs 

IQ), suspaded solid5, 4issohed 
S.Uts, aliilia.ity, Slllpbide:s, Slllpllm' 
dio1idt, llllFblric 1eid, patre:scible 
Ol1jilliC 111tter. bUr I i9e-coatliAinq 
sludqt 

Sohents, -11 fol'llldebydt 
IQ), <a>, oils, -1a aitrocis 
Su!pllite liq1111r, fine pulp, 
bleadlinq dll!licils, aer2p~. sod1u 
Sll!pllide:s, Cilrlloclites, bydro1ide:s 
siiinq, cisein, clay, ink dyes, wJ1e:s, 
qre.ise, oils, fibres 

Sllspended and dissolved solids, bark 
rttus.e, -' plrticles, sand dust 

!!Oil, SllSptftded SO lids , a lia 1 i ne:s , IC Ids 
SusjlOded putiClllate:s, lilodorous 
q.l$fS. Sll!pbw' coapounds 

SUspuded solids, disso!Jed :.olids, !!Oil. 
Oils, suspended solids, aio. 

!!Oil, qruse, suspended solids, 
pl 

!!Oil, toul solids, pl 

la>, <a>, settltd solid5, dllonne, 
s111p111u, plloljlbiu, -i•, p1, 
toul solidi 

D>, Npended solids, toul 
dissohtd solids, SU&pended solids, pl, 
oil, qrease, sodiia bydro1ide 



Industry 

Knit fabric finisltinq 

a.jor types of polluwt 

ID>, tow dissolYed solids, ~ 
solids, pl, oil, ,,_, -tate, dye 
carrier 

Siaillr tC> tlliR listed l8!tr llORD 

fabric finisllinq ml tnit fabric 
fiaishlDg 

~: for i!'Oll '111'1 stttl, orqanisation for F.."ODOaic eo-~per.tion ml Dttelop9!11t, 
F:tissj011 Control costs ia tbe Ir9o ml Steel Ind!!ruy (Plris, l'TI); fer motor "'1icles, l..L .. 
laelow, Ind!!strjal i!ater PollutiQll: orj~ .. Cllwcteristics .. QI ttu!wpt (lei<linq, 
lltsstdllssetts, !ddisoa11esley, 1'71); for petrol- refillinq, llorld lleiltll orqanization, 
Q>endi!ll of En•il!WDW QUdeliDCS iDd St•""'nti for l!d&stritl pjylyrgr (Celle••, 1"ll, 
tlld lel.son I. Cl!Ye, "Ell•U-W. ~ of oil mi.mies•, idistQ Md El!Yirowat, 
jpril - J1111e 19'5, pp .. 11·13: for leitller tarm.inq, J.a. cu.idllel 11111 U .. stnzepek, 
IAdl!strial iiater Use ml Tteitlent l'nCtia=s (London, cassell Tycooly, 19'7), tad 
"Tec!mo-ecoaoaic study on .asures to aitiqate tile enYi~ illpict of tbe ieatller 
industry, ptrtioilarly in detelopinq countries (ID/l«i.411/10); for palp ..i piper, lleRrow, 
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Class t!!d Allied linwl Indystries (Park lidqe, lell Jersey, loyes Dita Corportti.ia, 1975); 
t!!d for teztiles, Ckqallisation for F.conoaic Co-operation and Dtfflop9!11t, ~ioa Cqntrol 
Costs in tlle tatile InMtn (Plris, 19'1). 

121§: ID> = Bioloqictl or:yqen cie.aad. 
<XI> = Carl>oa ozyqea de9aDd. 
pl = 1eidity. 

E. Economic implications of industrial pollution 
abatement 

The economic cost of environmental protection is at 
least as important as !ts technological and engineering 
aspects. Environmental protection and particular!~ 
pollution control requires substantial investment and 
other resource commitments. The impact of environ
mental expenditures on such econom'c factors as 
output. price levels. employment and trade has become 
an increasingly important issue for policy-makers as 
well as academic resean:hers. as environmental degra
d.uion becomes increasingly serious and menacing. 
Particularly C<>ntrover~ial among environmental issues 
1s how much should be spent on environmental 
protection and whether environmental expenditure is 
a major factor contributing to the recent decline in 
productivity in developed countries. in other words. 
whether economic growth and environmental protec
tion is compatible. The issue of compatibility or 
conflict berneen the environment and economic grow th 
may have important policy implications for devel
oping countries. since the implementation of ennron
mental rcgulati1>ns and safeguards would represent a 
new competing demand for the limited productive 
resources available to those countrie,, This might 
prove detrimental to their indus1riali1ation drive. if 
such a conflict should arise between the environment 
and growth. At the same time. there i' reason to 
believe that many of the new pollution-abating manu
factur;ng technologies can also improve efficienq and 
reduce cosh. 

In the pre,ent 'cct ion. I he conceptual underpinnings 
for the economic' of em·1ronme111<1l protection arc 
first briefly described. followed by an analysis of 
investment data on p· ·1!1111· •il abatement in ,elected 
countries. Empirical f11,,' •11 1he economic 1mpach 
of pollu11on abatemcr. ·· 11d1turc' arc then ao;,c,scd 
al the following three dill " ,, levels: aggregate macro
econom1c impach: indu,lry impach. and sclc1:1ed 

process-specific cost effects of pollution abatement. 
Finally. tentative conclusions are drawn and policy 
implications derived. 

I. Conceptual i.uue.~ 

In theory. the elementary economic prim·iplc of 
marginal cost pricing may equally as well apply'" the 
question of hm\ much should be spent on po. .l 

abatement. Samcly. the optimal level of expenditure is 
found where an additi()nal dollar cost I marginal cost l 
of p1illution abatement is c4ual to the additional 
dollar benefit (marginal benefit) of pollutant remmal. 
In practice. this marginal principle is highly inapplic
able. The crux of the problem is the nature of public 
goods and auendant externality inherent in em iron
mental protection. For instance. what economic \·alue 
should be placed or.: Jamaged ozone la~er or extinl..! 
species'? Obviou-;fy. the principle of e4uating marginal 
cost to marginal benefit breaks down when both of 
the two variables cannot be easily quantified. Further
more. the law of diminishing returns applies to the 
costs of pollution control ltl make the mauer more 
complicated. ~amel~. the cos ls of pollution abatement 
typically rise very slow I~ at low levels nf removal until 
a critical point. say 70 per cent remmal. is reached. 
Then they rise sharply. B~ contrast. the benefih 
increase rapidly at first and th1·n taper off. Therefore. 
each additional dollar s1>end brings a smaller benefit. 
To make a rallonal decision regarding the op11mal 
expenditure on pollution control. the incremental 
costs and benefit\ need to he compared instead of 
looking only at totals. l.l!t!c 1s known about the 
shapes of thmc incremental cnsh and bencfi.s curves 
in 4uanlit:11ivc terms. This also c>.plains why the 
redt11.:tion of environmentally damaging emissions lo 
1ero doc' not often make -;cnsc. 

There arc many different \I.a\'' of financing poll11-
11on abatement. such as through subsidies. general 

IW 



la\es ;ind 1he .. p11ll111er-pay..... med1a111 ... m. \\ hid1 
direclly alfrcl !he c11 ... 1 siructun: of a firm. If the firm 
makes the capital in\·estment nece ...... ary to abate ii.. 
pollution \\ 1th1n1t ... ub ... idy fr11m 1111tside. the firm i ... 
said h• ··internali1e·· its c11..,ts. 11r bear ib full ciisi.... In 
the case of the internali1ed c11sts. the c:ffrcb 11:· capital 
expenditures on 1H1tplll and prices \\ill critically 
depend 1in the type 11f techn11logy emb11died in the 
capital irl\estmenb. a distincti11n being made bel\\ een 
plant and equipment designed !11 abate pollutants 
thniugh add-on 1H end-of-line techniques and those 
through char.ge ... in pr11duction processes. If the end
of-line technique... are applied. costs \\ill rise a~ 

industrie.., internali;e costs that they ha\e not borne 
before . .\n increase in cnsts shifts the imh •. ,1ry supply 
cun·e to the lefL and output is reduced as depicted in 
figure 111.1 '· Some of the important n:asons for 
raising the industry supply cun·e are that the pollution 
abatement equipment instalkd at the end of the 
existing production pwce"-' represents not only addi
tinnal capital costs. but also requires additional labour 
to operate and maintain it without raising output. As 
a result. pniducti\ity declines. In addition. those 
in\estments in pollution abatement may compete\\ ith 
other output-augmenting imestments in plant and 
equipment. thus reducing the potential output of other 
producti\e in\estments. 

On the other hand. if the old process technology is 
replaced by the new clean or l1rn-wa ... te technology. in 
some cases the per-unit production costs of the firm 
may go dov:n and shift the industry supply curve in 
figure 111.17 to the right. increasing industry output 
and lowering prices at the same time. The reas1ins arc 
that low-waste process technologies may be typically 
designed to eliminate or reduce not only one but 
multiple sources of polluti1m simultaneously and. 
more important!y. to economize energy, scarce raw 
materials and e\en labour inputs so that the initial 
increase in investment costs may be more than offset 
by those factor cost savings. lJltima1ely. the 4ue~1ior. 
of what impact en\ironmental expenditure may have 
on output. producti\ity. employmenl. price le\"cls and 
trade may ha\"e to be de1ermined empirically. as 
explained below. 

Agure 111.17. Industry equlllbrium before and 
after pollutlon abatement 
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The rdati\e quantit;lti\ e rmp11r1ancc 11! ell\ ir11n
mental c\penditure ... c1•uld ha\ e a ... igmficant bc:aring 
1111 their fin:.il impacl 1111 the cc1HhHnic aCll\ 11y 11f a 
gi\ en econ1imy. Data on ern iwnmemal expc:nd!lure" 
for de\el1•ping c1nmtrics are rarely a\ailable. but they 
arc of limited a\a1lab11ity in dc:\el1ipo::d cmmtrie .... 
Statistical nidence a\ailable in certain developed 
countrie ... suggests that cm ironmental expendi1ure i' 
\"ery sm:.ill relati\e to other cnmparable cxpendilllrc: ... 
<lll "public goods·· such as defence and public 
education. Figure Ill. IX pnnides a c11mparislin of 

Figure 111.18. Pollution control expenditures and selected 
categories of public expenditure as a percentage of gross 

domestic product. mid-1970s 
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pollution control expenditures wilh olher catc:gories of 
public expenditure in four dnelopcd countries in the 
mid- I 970s. all expressed as a percen1age of gross 
domestic product. Spending for iridus1rial polhll1<1il 
;1ba1ement accoun1ed for a small percentage of tot;tl 
induslry imcstmcnl as shown in !able !11.JX. Fxcc:pt 
for Japan. 1he share of cmironmen1<1i expenditures in 
l<llal industry inveslment was less 1ha11 7 per cenl. 

Wi1h regard lo the relative imporlance of indi,idual 
m;1n11facturing industries. 1hc: rnmulative da1a of the 
l'cderal Republic of(icrmany during the period 1971-
1977 clearly poinl' 10 the preponderance of ha,tc· 
ind11s1rial-ma1enals-produc1ng 111d11s1rics m 1hc rehli\c 
share of 1otal 111ve,1rm:nt expcndi111re (figure 111.19). 
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Figure 111.19. Industrial pollution control investment as 
a percentage of total Industrial Investment expenditure 

In the Federal Republic of Germany, 1971-1977 
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Among manufacturing industries. high spenders are oil 
refining ( 19.9). chemicals ( 11.1 ). steel making ( 10. 7). 
pulp and paper (9.6). non-metallic ores (9.2). steel and 
malleable iron smelting I X.5 l and non-ferrous metals 
(X.4). As discussed earlier. those basic-industrial
materials-producing industries arc the heaviest pollu
ters. In fact. the hasic-industrial-m;1tcrials industries 
as a whole spend on pollution abatement almost six 
times more than durable goods or consumer goods 
industries as a percentage of total in\'estment expendi
tures. 

.Japanese industry data also reveals pollution-con1rol 
investment concentrated in basic-materials industries 
(for example. pulp and paper. chemicals. petrochemi
cals, oil. iron and steel) between 197J and 1976. hut 
their 'hare of total investment sharply declined between 

1977 and 19:\0 except for cement and thermal pow er 
planrs ttahle 111..Wl. The p,l.,siblc rcas'm for the high 
im·estmen: .. har<: ,,f pllllution c,mtwl in 19-2-1970 is a 
short-term conccn:rati,1n of ime-,tments re4uin:d to 
meet the sharply inaeased re1.Juin:ment., of en\ iron
mental legislation enacted in the early 1970s. 

The nw-,t wmprehensi\e and up-Ill-date data :nail
able for en\·ironmentai expenditure., are sur\ey n:sults 
pu':>lished by the l"nited State., lill\ernmen<. The 
l"nited States manufacturing sector as a wh,•le .. pent 
S2J\tl9. 7 million for pollution-abatement capital good., 
in 19!\5. Of this tntal. S 1.292.3 million 1-'6 per cent) 
\\as for air. Sl.1!17.9 million (36 per cent) for \\ater 
and S-'99.5 million t IX per cent) for solid wastes (see 
figure Ill . .:!0). 

'.\foreover. operating costs associated with polluti,ln
abatement activities ( includir.g payments to gm ernment 
units) amounted to SI 1.677.9 million. four times 
larger than the capital expenditures. Of this t.Hal 
S-' .. H0.2 million c.n per cent) \\as for air. S-'.609.5 
million t 39 per cent) for water and S.:!.171.!\ millinn 
( 19 per cent) for solid wastes. By type of expenses for 
total operating costs. S.:!Jl-'J. 7 milli,•n C .:! I per cent) 
was spent for depreciation. S.:!.20-'. 7 million i 19 per 
cent) for labour. S3.759.X million c35 per cent) for 
materials and supplies and S.:!.M6.7 million (25 per 
cent) for services. equipment leasing and other costs. 

Total pollution-abatement capital expenditures in 
I C)!\5 represented a 29 per cent increase o\'cr the 
pre\ious year. Air. water and solid-waste capital 
expenditures increased by 25. 15 and 102 per cent in 
the same period. Meanwhile. total operating costs 
increased by 7 per cent. and all components of 
operating costs also increased. Total capital expendi
ture for pollution abatement for all manufacturin~ 
industries was S2. l 7 l.X million in 19114. representing 
2.X9 per cent of total new industry capital expendi
tures. The major industry groups that de\oted a 
relatively hig~ proportion of total investment to 
pollution-control capital expenditure in 19)!-' were 
petroleum and coal produ.:ts (X.26 p.:r cent). primary 
metals (6.55 per cent). chemicals (5.47 per cent) . 
fabricated metab (3.34 per cent) and paper products 
( 3 . .:!.l per cent). Approximately 74 per cent of the 
S2.X09. 7 million in new capital expenditures for 
pollution control were accounted for by the five major 
industry groups: namely. industrial chcmicab ( 26.26 per 
cent). transport equipment ( I 6.25 per centl. paper and 
paper products (I 1.X3 per cent). petroleum and coal 
products ( 10.33 per cent) and primary metals (9 per 
cent). The quantitative importance of operating costs 
O\'Cr capital expenditures not only was reflected in the 
total industry figures. hut was more pronounced in 
individual industn lc\els. as illustrated in figure 111.21 
hy form of pollution abatmcnt in selected industries 
(see appendix table 111.65 for further details). 

One crucial va1iable in assessing the economic 
impact of environmental expenditures is the extent of 
diffusion of clean technologies. a key factor affecting 
the cost structure of a firm with hrnadcr implications 
for the nature of relationships between industrialita
tion and the emironment. i:ortunatcly. in I lnited 
States data a distindion is made between plant and 
equipment designed to ahatc pollutants through add
on or end-of-line techniques and those that rel~ on 
changes-in-product ion processes. 
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Agure 111.20. Pollution-•balemenl Cllpif81 Hpendllures •nd oper•ting costs by source or pollution in the United 
Sf81es, 1985 
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hgure 111.22 'ummarite\ capir;il expenditure' on 
rhc two pollurion-ahatemenr 1echnol11~11:' ;11 rhc le\el 
of maJ«H industry group' in 19X5 bee aho appenl.11:1. 
rahlc 111.65 for funher details). It j, evident that rhc 
d1ffu,i •n of clean technologies is 'till lin111ed. I ·nired 
State' man11facturing inJu,rrie' a' a .,.. hole 'pen I 
$50X.9 million for new clean proce" technolog1e' 
in 19X5. $.lX.l .. l million of which wa ... for air and 
$125 million for waler. Thi' expenditure on neY. pro
ce"c' represent\ ahout IX per cent of total poll1111on
ah;i1emenl expenditure,. Th1' percenra~e rn11a111cd 
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more or le" con,ranr in rhe pa'r. I :n11cd Sratc' 
1nd11,1r~ 10\e,red ahour 20 per cent 11f 11' air and \\a:er 
p• .. i1111on-;1hatemen1 e\penJ11ure' 111 change' in pro
d11d1011 proce,,e, o\er the period 197.l-llJXO 1.i21. In 
,IJorr. inn XO per cent of all poll1111on ahatemcnr 
111\e,rrnenl Y.a' of rhe add-on l\pe 111 poll1111on 
c11n1rol. "h1d1 mean' a fair I~ hn111cd pene1r;11111n h\ 
dean tcchnologie,. 

·i he mdu'r n ii\ er age concea ''· hoy. e\ er. con,11lcr
ahle \ar1a1111n' ;inwng mdl\Hlual 111d1"1r1c,. ,\, ,11.,.,..n 
111 l1gure 111.)2. horh rhe f;1hru.:;11cd merah and till' 



Figure 111.21. Pollution-abatement capilal eapenditures •nd ope,.tlng costs of .Utement for IMlor Industries In the 
UNted Slates, 1915 
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Figure 111.22. Pollutlon-•batement capllal eapendltunes on end-of-line •nd c:Nnges-in-productlon proceaes In the 
UnHed Slates, 1915 
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1ransp<•rt eo..iuipment inJu,trie .. Je\ <•led a large pr••
p..•rti.•n ,,f capital e\pc:nJiture" I<• ne\\ prtlces,es for 
air P••lluti<in abatement. Ml and 51 per cent. rc:spect
j, d~. bur spent t1nl~ D anJ ti per cent. re .• pc:.:ti\ d~. 
f<>r \\ater P••llutwn ;ibatement. Paper anJ allied 
pn>Jucb. anJ petr<•kum anJ C•>al pwJucb. t\\n 
majt>r inJustrie,, in terms ••f capital e'\penJiture" for 
p.>lluti<>n c<•ntwl. all.icateJ a m,>Jest prnp1.1rti<1n <•i 
t1.Hal e'\penJitures ll> ne\\ pr<>eesses. JO anJ .ill per 
cent respecti,·d~. for air. anJ I-' .mJ 2S per 1..-c:n1. 
respectiwl~. for \\ater_ h•r the chemical inJuslr~. 

which represents 1he largest share ,,f t<1tal manu
facturing capital e\penditure-. for ptllluti<in abatement. 
with :ib•>Ut 2t- per cent of the industr~ l•>tal. the shares 
of techn<•logies for ne\\ pnice-.ses \\ere e4uall~ m<>dc:st. 
23 per cent for air and I-' per cent for \\ater_ The 
remaining industries shll\\ \Cr~ limited applicati<1n ,,f 
ne\\ techn1>l<1gie,_ The lugh percentage <1f ne\\ proce'>
-.es for \\ater pollatiGn abatement in printing arid 
publishing 1.ill per cent) is largd~ due h• its small base 
figure. S5 million for water pollution C<>ntrnL 

t.:nfortunatd). c.>mparabk S\atistics for other c1.mn
tries are n<>l a\·ailable. There is. howe\c:r. some 
scattered anecdotal e\·idence. f.>r instance. one detailed 
s;ud) found no significant spread •>f clean technologies 
in the Federal Republic <1f German) during the peri1>d 
1975-19X-'. The share oi clean techn<1logies in total 
en\irnnmental protection imestments b~ industr~ 

increased from 19.ti per cent in 1975 h> .:!-'per cent in 
19XO. only to drop to lti.3 per cent in 19X.:!. but rising 
again to .:!3 per cent in 19XJ H·B). p. 4"'). An OECD 
study als<> mentioned the limited diffusion of clean 
technologies in France. but in Denmark. about one 
third of firms adopted new production processes for 
pollution abatement bet\H:en 1975 and 19XO l[~-'J. 

p. X)). '\one of these studies provided detailed statistics 
on clean technologie-. b) industry. 

On the •>ther hand. many process-specifi.; technical 
and engineering case-studies are a\·ailable on new 
technologies in different countries. -.ome of which will 
be highlighted for illustrati\e purpo-.e-. shortly. But 
these isolated pieces of information do not pro,ide a 
clue to the extent of diffusion of ne~ technologie-. in 
any gi\·en industry. The) point. howe\er. to the 
existence of a great potential for new technologie-. to 
abate industrial p111lution without redu.:ing output. 
and can in -.ome case-. e\en lower production co .. is. 
~ore important!). they underscore an urgent need for 
the diffusion of clean techn11logies. Finally. it must be 
noted tha1 although the diffu,ion of clean technologies 
command' priorit). add-on 1echnologie-. could abo be 
in no\ afr, e and e\en necessar) where no alternati\..: 
technologie' can be ea,il) de\eloped. 

J. Economic impact of tru·ironmtntal t:cptnditure.~: 
.wmt empirical ti·idtnct 

(a) S1r11oural changt' m m111111f(1011rm.i: md1111n1•1 
and 111 1mp/1n111of11 fr1r thc 1·m.,,1mm1·111 

m dt'rclopmr: u111ntn1·1 

The 4ue,t1on whether or n11t there ex1't' po"ihlc 
c1intlict het\\1:en ••Utput or producrinty and en\iron
mental protect . .in "111 prohahly ha\ e major implica-
11on' for the future indu,trialitation of de\elop111g 
Cllllntrie ... S;1rne of the empmcal evidence on till' 
4ue,tion "111 he e:1.ammed 'hnrtl\. !"he po"1hlc 
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ern irnnmental implicati•>n" 11f the C•mtinuance 111 the 
(,mg-term patterns ,,f .. tructural change in the manu
facturing ,cci.1r in Je\d\lping c"untri::, "ill n.m he 
C••n .. iJereJ. 

Figure 111.23 "h'"'" the <•\erall panern' .1f \1\".-\ 
gni\\th m Je\cl,1peJ ;ind Jc:\cl"ping c.1untric-. ,1\cr 
the pc:ri1>J 19"'0-19:-.s. lbc \t\" .. \ ,,f de\doping c••un
trie' ;i, a \\hole had an ;1\eragc annu;il gr\l\\th tw11 
and a half times fa,ter than de\ d.1ped countrie-.. ;inJ 
the '>hare ,,f Je\eloping countrie .. in ""rlJ \1\".·\ 
increased frorn ti.SS per cent h• I l.5ti per cent bet\\een 
1'1"'0 and 19Xl\. In fact. the .. hare of de\doping 
countries alm••st doubled •iurmg th~ period. Ho\\C\er. 
the aetuai rate ,if progres .. ion in the de\d11ping
countr~ .. hare ,,f world manufacturing output fall, far 
sh<•rt of the re4uired rate to achie\e the I.; ... .t target of 
.:!5 per cent by the year .:!OCNI. 

:\t di .. aggregatcd indu-.tr) le\ eb. the ll>p Ill fa-.te.,t
gro\\ ing industrie-. in Je\eloping countric.; relati\c 1<1 
their counterparts in dc\elopc:d countric-. are mainl~ 
c•>ncentra!ed in the following !\\<) group-.: a labnur
intensive light manufacturing gr11up u .. ing renc'' able 
natural res1>un;es: and a capital-intcnsi\·e basic-indus
trial-materials-producing grnup using large!) mineral 
resources. They arc listed in table lllAO. Petroleum 
refining ,,h,;uld be noted among the latter gwup 
because of its large world share 137 per cent I. despite 
ii.. somewhat smaller rclatiw grnwth-rates rati•• I J.0'1-

lt was sho\\ n earlier that mo-.t w ater-intcnsi\·e 
industries as mea-.ured by re4uirement-. per unit ,,f 
output tend ll> be concentrated in indu-.tries that 
proce-., and prnduce basic industri;il materiab. The 
manufacture ,,f ba-.ic industrial materials wa' -.how n 
to be mo .. t energ)-intensive and material-inten .. i\e 
among \ari,lll-. manufacturing activities. It \\JS further 
-.ho\\ n that those industries are the hea\ie-.t pnlluter' 
of all industries. 

:\ detailed analysi' of the global industrial gro" th 
process in the period 19i5-19li5 was presented in 
(i/of>a/ Rt'port /CJ8XIXCJ l[J3]. chap. Ill). One of the 
most significant findings from the standpoint of the 
en\ironment was a clear reorientation of indu .. trial 
structure between the South and the ~orth in the earl) 
19Xlls. It was carefully documented in the Report that 
"orld-wide .. ,tagllation" during the period I 9XO-l 9X~ 
and the suh-.e4uent grow th recc, .. ion forced man) 
de\clopcd countries extensi\cl) 1<1 re .. tructure and 
trim do\\n their traditional "smoke-,tack'" indu-.trie' 
and to concentrate on technolog)- anJ 'kill-inten'i'e 
capital good-. indu,trie .... -\-.a result. some traditional 
manufacturing acti\ities. p: rticularly rcsource-hased 
light industries and basic naterials 111dustrie ... ha'e 
heen redeployed to the South. The cxten .. i\e world
wide restrncturing was also clearly retlec1ed in the 
foregoing :-.;orth-South compari .. on 11i the !\IV:\ gro\\ th 
of .:!>< branche' of manufacturing indu .. tr) gi\en in 
figure 111..:!J. ~orth America. We-.tern l'urope and 
Japan ha\e all -.een ~\",\ growth in tradllional 
.. moke-.,tack indu .. trie' being cut dra,ti.:all) a' a re .. ult 
of their ma"i'e re,tructuring effort,_ \\hilc tho'e 
region' ha\e snlidificd rheir dom111ance of the capit<1I 
good .. inJu,try in h11th atholute and relatne term,. 
The So 11th a' a '-' ho!c ha .. made 'ignifo.:ant head" ay in 
cxpanding ih ,hare 11f ~\" .. \ in light indu,tr~ and 
ha,ic indu,tr~. while recording le" gain' in the capital 
gnoth indu,t f\. 



Flg1n 111.23. llVA share •nd •wermge MllHl9I growth rates of llVA. 1970-1911 
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If the trend towards the rapid expansion of smoke
stack industries in the South continues to accelerate. 
the environmental burdens of such an industrial 
transformation. in particular the problems posed by 
various traditional industrial pollutants associated 
with smoke-stack industries, may reach crisis propor
tions in the near future, unless the diffusion of clean 
technolvgies occurs on a massive scale across indus
tries. Severe industrial pollution problems encountered 
now in many rapidly industrializing developing coun
tries may foreshadow what is to come on a much 
greater scale in other developing countries. On the 
other hand, the severity of industrial pollution in the 
North may taper off or even steadily decline as a 
result of the rationalization of smoke-stack industries 
coupled with tt>e enforcement of increasingly stringent 
environmental regulations. But as examined earlier, 
high-technology industries create new industrial pollu
tion problems, particularly tm1ic wastes. In general, 
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industrial p..llluti.in will pnibabl~ c1>ntinuc to prc
occup~ poli.:~ -makers and rcsea~chc.-r' as \\ell as 
en\ ir.inmentalists in the ~•lrth in the foreseeable 
future. 

The regi<lnal incidence of indu~trial p..lllution within 
the South differs markedly. depending upon the 
regional patterns of industrializati•'n .. For instanc_e. 
industrial pollL•tion may becvme a maJor problem m 
the rapidly industrializing co~mtries of East and Sou_th 
Asia. the Indian Subcontinent and in China. while 
Tropical Africa. paralysed by chronic stagnation. may 
vet to sec an\· visible signs of industrial pollution 
problems. An~thcr influencing factor is the ability of 
the ecosvstem of different regions to process or to 
support different levels and different kinds of pollu
tion. 

The need for industrialization in developing coun
tries is a foregone conclusion. The key issue is the 
sustainabilit\· of industrialization in de\·cloping coun
tries in tcr~s of the constraints imposed by the 
natural resource base and cm·ironmental absorpti\·c 
capacity. Continued rapid industrial growth in_ devcl
opin!? countries may accelerate the ~eplction of 
natur;._I resources as accompanied b~ senous damage 
to the environment. and cause direct environmental 
degradation through unchecked industrial pollution to 
such an extent that the process of industrialization 
cannot be sustained. The environmental regulations of 
industrial activitv mav become increasingly important. 
But em·ironmental protection requires heavy capital 
imestments and additional resource commitments 
that developing countries cannot well afford. Em·iron
mental pru!ection may thus put a drag on the proc_ess 
of industrialization. as described earlier. The question 
of the existence of potential conflict between environ
mental protection and industrial growth is of \·ital 

importance l<l developing coun:ries err.barked ,in the 
C•llir'e .if inJu,1riali1atinn. A!l c:'aminati,>n 1 1f s1>me 
,,f the empirical C\ idence on this issue therefore st.-ems 
to be in order. 

( b) Tht• economic impact u( enrironmen111/ reguilltions: 
some aggregate empiric11/ e,·idenff 

In recent \·ears. as en\·ironmcntal expenditures ha\·e 
begun to in~rease sharply in response to a risi":g wue 
of em·ironmentai movements in many countries. the 
economic impact of mounting en\·ironmen:al spending 
has also attracted the attention of many economists 
and p<llicy-makers. In fact. the literatur~ o~. and the 
empirical investigation of. 1he economic impact of 
environmental measures is already considerable•. But 
the empiri.:al findings of the studies are not easily 
comparable. because of marked differences in the 
model structure. data base and period. assumptions 
used in simulation exercises. statistical reliability and 
mam· other factors. The present study is not intended 
to ~ a comprehensive survey of the existing empirical 
studies. It mn be sufficient for our purposes to 
highlight the ;esults of a recent O~CD m~delling 
project in six member countries for 11lustrauve pur
poses (see table 111.41). because th_e OECD _study 
pro\·idcs a reasonably good comparau,·e evaluauo": of 
the economic impact of environmental protection 
activities in different countries. 

The countries selected for the OECD study were 
.J.ustria. Finland. France. Netherlands. Norway and 

•for ,1mulati1>n ,tuJ1cs ,,f the emironmental impact. u'ing a 
macroc.::nnomctric model. sec. for ins1an.:c. the foll<>~ing: (45]: (46]. 
pp.49h-615: (47]: (4~]: and (49]. h>r an 1mpac1 anal~s1s based on the 
1npu1-ou1put table ,,f Federal Repubh.; ol German~. sec (50]. 
pp.103-ll~-

tlb!c m.u. Effects Qf tddjtjc!Ml mjrqwpttl nrwm 
QI •1ccted tmp1ic: uritl!!cs 

14fi 

(Cllllly CDP CCllsmtr 11i1.11 11mtgm1 
11111 p1riod first Fi•l Fint ?i•l nrst Final 

rear ,_ Jllr ,_ Jllr ,_ 
(pert1111Uq9 points) ! tllolsillm I 

amtrll 
(197H91S) -0.6(0.5 b.4f1.71/ 
Fili.I 
( 1976-1912) O.l 0.6 0.2 0.2 -l.5 -1.5 
F19C11 
( 1966-1914) 0.1/0.4 0.1 -0.2/-1.1 -ll.2/-43.5 
llltlllrl.is 
(191H91S) O.l -O.l/-0.6 a.210.• 0.8/4.l -1.4/·2.l -3.8/6.9 
llarmf 
(1974-1 .. l) 1.5 0.1/0.9 -25.0 
lali lid Si.tts 
( 1970-1911) 0.2 -0.6/-1.1 0.2 5.0{6.1 -•l.O -150.0/-300.~/ 

lttlf 
r1~11-1•1 ·0.2/0.' O. l/O. 5 
.llpll 
(1972-1979) 1.2/2.6 o.1;0.$1 2.2/1.I di di 

S!l!GI· ~iaUat far fclr~~ CL·cpmtion al DmlCJ11911t, tilt Mq!>-rqplc Mt 
of flyuW!.41 c;nmgs f f•nS, 1985) 11111 lll:mf.O!!plc btlllltiOI Of fiYll!llM!fl 
e.- (hrl•. 1'171). 

1/ CDP def 1'tor. . . . 
~I P1rtly •tltltld by O.,.i11:ion fer lo:lm1c Ce>-op1nt1011 .i llM!qmlt SlcrtUr!At. 
" ror period • • ni.. 11q111t11111 114111t1Yt mwts for h111l ,.,.. 
di r.o.. 



l 'nitc:d Statc:s. plus rn ,, Clluntric:" from the: pre:\ i,•lb 
"tudy. Italy and Japan . ..\hh,1ugh all the: studic:-. usc:d 
Kc:ync:sian modc:b. 1hc:rc: an: ..:nnsidc:rabk ,·anatiun,. in 
the;: maj,1r chara..:tc:ri.;1i.:" uf the: nwdd.; and data bast:. 
lrrespecti\C: nf the: structural dillerc:ncc;:s ,,f ..:.1untry 
m,1dc:Is. all studic:,. c,1mparc:d the macw-t:e<lO•'mic 
impacts ,,f additinnal c:mironmc:ntal ~·xpenditurc;:s and 
l.10se without addi:i,mal spc:nding. Sevc:ral notabk 
nbsc:rvations are in order. First. the result~ suggc:st 
that although tnc: short-term c:ffects of increased 
c:m·ironmental e\pc:nditures on GDP are all positi,·e. 
albeit \·ery small. the long-term effects are mixed: with 
the estimates being all negati,·e for some countries like 
the Setherlands and the United States. negati\·e and 
positi\·e for others (Austria and Italy). and all positi\·e 
for others (Japan. Finland. France and ~orway). The 
short-term impact is. hov;ever. likely to be more 
fa\·ourable than the long-term effects. In the: short 
run. environmental investment may ha\·e positive 
effects on output and employment. but some of those 
short-term gains may be dissipated tn-er the longer run 
because of rising price~ t>r declining productivity. 
Regardless of the direction of change. the effect of 
en\·ironmental expenditure tends to be quantitative!~ 
insignificant. 

Additional en\'ironmental expenditure would seem 
to raise consumer prices. But the inflationary impact 
appears to be small in most cases. being less than a 
1 per cent increase in the final year. The major 
exceptions are the t.:nited States. which shows a 5 to 
7 per cent rise in consumer prices. and Japan with a 
2 and · per cent rise in the final years. On the other 
hand. en\'ironmental expenditure. athough quantita
ti\·cly small. reduces unemployment le\'els with few 
exceptions. 

One important conclusion emerging from those 
results is that the macro-economic impacts of environ
mental expenditures tend to be quantitatively insigni
ficant. usually in the range of a few tenths of a 
percentage point per year. with the exception of some 
of the results for consumer prices. The results are not 
surprising. because em·ironmental expenditure as a 
percentage of total investment and also relative to 
other public expenditures such as education. health 
and welfare. :ind defence is very small in these 
countries, as discussed earlier. and hence the overall 
effects of such expenditures on the economy are also 
likely to be small. 

One significant corollar~ of the results is the adverse 
effect of environmental measures on labour produc
tivity. This implication is drawn because environ
mental regulations tend either to lower or to increase 
GDP at a rate slower than the rate at which they 
increa~e labour inputs. The nature of the relationship 
between productivity and environmental regulations is 
central to the question •>f complementarity (or con
flict) between economir. growth and the environment. 
This is because the decline in productivity caused by 
environmental regulations means that the unit produc
tion cost will increase and prices may also rise leading 
to a reduction of output. On the other hand. if 
environmental investments are of a change-in-process 
type, environmental expenditure~ may have a fanur
able impact on productivity, with consequent implica
tions of compatibility between growth and the environ
ment. Only micro-econom;; .irocess-level empirical 

ime,.:iga::,,n, ma~ pw\ idc more ddiniti\e clue, Ill the 
,,, crall 11c:1 dfr.:b <lf em ir,>nmental c\pt:nditurc' l>n 
the: c;:c,1n,1m~ . .-\ggrc;:gate empirical im·e,.tiga1i,1n, may 
fail tu caprure ;;,1-;t-~\ ing potenuab at the firm k\el. 
It must be nutc:d als,, in this regard that macrn
ecl>nllmic empirical studies tend to show a <.:•>nllict 
bern een gnrn th and c:m·ironmental Cl>ntrol because 
the: spread of clean or low-waste technologies economy
wide is still limited in most countries. as the L:nited 
States I!. t:i clearly showed. 

Emironmental regulations may· perhaps be one 
small factor responsih!e for the recent decline in 
productivity in industrialized countrie·-. It is true that 
environmental regulations ma_• retard economic growth 
because they intervene in market processes. adversely 
affecting the rational decisi,•n-making at the firm 
level. But that is true of any go,·ernment regulation. 
and em·ironmental regulations are only a small part of 
the o\·erall regulatory system. Moreover. there are 
many important causes of declining producti\·ity 
growth other than environmental regulations. They 
include sharp rises in energy prices, a slow-dow11 in 
capital investment. the changing composition of the 
labour force (more youth and women workers). the 
changing composition of output (more sen·ices and 
less manufacturing). a decline in the work ethic, 
expanded social welfare prngrammes. and regulatory 
activities including environmental regulations. An 
empirical study of the slow-down in manufacturing 
productivity growth in the United States shows that 
between 12 and 25 per cent of the slow-down in 
productivity growth in the private sector between th! 
early 1960s and the mid-1970s can be attributed to the 
whole array of federal regulations. of which environ
mental regulations arc only a small part [51 ]. 

Apart from data limitations and other conceptual 
and technical problems associated witt: econometric 
modelling. there are more fundamental limitations to 
the macro-economic approach to the impact assess
ment of environmental expenditures. For instance. 
GDP is not an adequate measure of social welfare. 
~ 1 most of the benefits of environmental policies are 
not reflected in GDP or other national income 
accounts. The benefits of environmental protection 
are manifold and can be classified into the following 
three broad categories for analytical convenience: 
"utility-increasing" benefits: "cost-reducing" benefits: 
and "output-increasing" benefits. Some examples of 
utility-increasing benefits are improved physical well
being derived from the availability of clean air, and 
reduced incidence of death or illness related to 
pollution. Cost-reducing benefits inciude reduced costs 
for municipal and industrial water treat:nent and less 
property and material damage to producers as a result 
of better air quality. Examples of output-increasing 
benefits arc to be found in increased output. produc
tivity and earning~ attributable to the improved health 
conditions arising from the cleaner environment, the 
reduction in agricultural crop d.tmage from air pollu
tion, and the greater commercial fishery yields because 
of cleaner water•. 

All those benefits are substantial. but the macro
economic. studies do not take into consideration GNP-

• h1r more dcld1lcd d1'rn"'"" of the prolllcm of mc~•unn~ 
l>cncfll, of pnllul1nn. \CC [~2; 
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augmenting benefits of pollution abatement expendi
ture. mainly because of enormous difficulties in 
estimating such benefits. :"en~rthelcss. some daring 
attempts ha\·e been made to quantify those benefits. 
For instance. the realiz;:d benefits of air and water 
pollution control in 197!1 hne been estimated at 
S2.M billion and utilit~-increasing benefits at S24.S billion 
[52). If these utility-increasing benefits were included 
in 197!1 aggregate pri\·ate output. the adjusted growth 
rate would be 4.11 per cent instead of the actual 
growth rate of 3.92 per cent. True productivity change 
could be roughly 0.19 per cent or labout one fifth of a 
percentage point higher than that arrived at by the 
conventional measure. 

In sum. the macro-economic effects of cn\·iron
mental expenditures have probably been small. and 
the accompanyir.g regulations hnc not been a major 
cause of the recent decline in productivity in the 1970s 
and 1980s. nor a constraining factor on economic 
expansion in the future. Moreover. as a result of the 
failure to consider the beneficial effects of pollution 
control. the negative impact of environmental regula
tions have been somewhat overstated. 

Many empirical studies on the industry impact of 
environmental programmes have also appeared in the 
literature in recent years•. Most studies used macro
cconomctric models linked to an input-output table to 
assess differential economic impacts of environmental 
expenditures on different industries. The empirical 
results of those studies on the industry impact arc 
fairly similar to those obtained from the macro
economic impact analysis discussed earlier. Environ
mental regulations tend to raise costs and prices and 
to reduce output in different industries, although the 
magnitude of change varies considerably from industry 
to industry. The employment effects arc mixed, being 
positive for some industries and negative for others. 
Those results arc subject to the same limitations 
associated with the macro-economic analysis as 
described earlier, and hence should be interpreted with 
great caution. 

The case of the United States may be taken as an 
example. Results concerning impacts of the major 
31 industries have been obtained using the Chase 
Econometric macro-economic and input-output models 
which arc linked together to derive the differential 
industry effects. The effects of poliution-control expen
diture on 31 major United States industries arc given in 
table 111.42, which summarizes the percentage changes 
for prices. output and employment between the 
baseline forecast and the simulation with pollution
abatcmcnt expenditures. These differences ar: shown 
for both 1978 and 1983, cumulating from 1970. 

Not surprisingly. those industries most directly 
subjected to environmental regdations showed the 
largest incrt:ases in prices. They include utilities, non
ferrous metals, paper, automobiles, iron and steel, 
stone, clay and glass, chemicals and petroleum. But it 
is worth noting that all industries showed price 
increases, including those not directly affected by 
pollution abatement expenditures, mainly through 
inter-industry linkages. 

A decline in output was observed consistently in all 
industries except non-electrical machinery. The employ-

•For in•tan~e. •ee (5.l and (54). 
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ment change is mixed, up for some industries. down for 
others. but the magnitude of the percentage change in 
employment seems to be generally smaller than that of 
output, thus implying declining productivity of labour 
across industries. Finally, it should be noted that the 
average annual percentage change of those figures 
should be much smaller. since they arc cumulative 
from 1970. 

(c) Some evidence from selected process-specific 
case studies 

Empirical evidence from most macro-economic 
studies points to unfavourable effects of environmental 
programmes on output, prices and productivity. Such 
negative results are partly Jue to the failure of these 
studies to capture the benefits of environmental 
activities (for example, improved health and produc
tivity of workers) in the cost-benefit calculations. 
More importantly. macro-economic studies can be 
faulted for their inability to distinguish between the 
end-of-line investment for pollution control and changc
in-process investment for pollution prevention. At the 
individual plant level. this distinction may be a critical 
determinant of the profitability of environmental 
npenditures. Most aggregate studies assume invest
ment for the end-of-line pollution-control equipment. 



In such a case. additional expenditures for the 
purchase. operation. and maintenance of 11ew equip
ment \\ith increased la~lur requirements will add tl~ 
productilln costs and reduce pollutant emissions. but 
will not increase measured output. As a result. labour 
pn .. >ducti,·it~ must decline under this assumptilln. 

On the other hand. the introduction of low-waste or 
clean technologies thrnugh process modifications and 
material substitutions ma~ achie\·e not only significant 
environmental improvements. but also lower produc
tion costs at the same time through a substancial sa\·ings 
of energy and raw materials. and c\·cn of labour inputs. 
More specifically. the following potential benefits ha,·c 
been identified. one or more of which an enterprise 
adopting clean technologies may realize while reducing 
industrial pollution ([55). pp. 4-8): 

(a) Sa\·ings in raw materials and energy: 

(b) Decreased waste management costs: 

(c) Improved product quality: 

(d) Enhanced productivity: 

(e) Decreased down-time: 

(f) Reduced worker health risks and environ
mental hazards; 

(g) Decreased long-term liability for clean-up of 
waste materials that might otherwise have been 
buried; 

(h) lmpro\·cd public image for the company. 

The evidence that pollution-control measures can 
reduce rather than increase the per-unit production 
cost and hence improve producti\·ity is still frag
mentary and cannot be generalized across industries 
and countries. since it only applies to a relatively small 
fraction of total environmental investments. as shown 
by the United States data. Nevertheless. numerous 
case-studies at the plant level do suggest that the 
pollution-prc\·cntion im·cstment in clean technologies 
can lower production costs and at the same time 
reduce emissions•. Several selected case-studies of 
such new production processes arc highlighted below. 

(i) LoK·-K·aste electroplatinK proce.u for zinc and 
cadmium in metal finishin!( and coat in!( industry .. 

In the ~lectroplating processes of zinc and cadmium 
with the basic material (mostly steel or iron). large 
quantities of waste water. exhaust air and sludge are 
emitted. They pollute the environment because of 
their contents of heavy metals and salts. Conventional 
processing technologies arc zinc electroplating and 
cadmium electroplating. New and clean technologies 
arc used in low-waste zinc electroplating plant. which 
is now marketable. and low waste cadmium electro
plating plant, which is at its pilot stage. 

Comparative data from conventional and clean zinc 
and cadmium electroplating processes on materials 
and energy requirements and on the generation of air
borne, water-based and solid residuals arc given in 
table 111.43. It was reported that the construction of a 
low-waste electroplating plant would increase invest
ment costs by approximately 20-30 per cent compared 
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with a conventional plant. But these increased costs 
arc offset by cost savings of about 70 per cent f.,r 
chemicals and around 90-95 per cent of emission fees. 

(ii) Waste-paper production 

Conventional technologies for waste-paper process
ing involve an open water circuit or a reduced water 
circuit. A new process technology is the closed water 
cycle system developed by Gissler and Pa-;s in the 
Federal Rcpubiic of Germany•. 

Comparative data on material and energy require
ments and re£iduals in open, reduced and closed 
process water system arc given in table 111.44. It must 

•For full 1cchmcal dc1a1I\, •cc ··W;u1c-watcr-frcc paper produc
lion cechnnlngy on was1c paper ham"". (1'!21 
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be noted that the comparison of energy consumption 
of the open and closed system given in table 111.44 is 
misleading. This is bccaus~ installation of an open 
water system would today require final waste-water 
treatment, which would consume additional energy. 
The study did not provide comparative investment 
costs of new and conventional technologies. 

(iii) Printed circuit board manufacturing 

The Hewlett-Packard Company has replaced the 
conventional silk screen process by a dry-film photo
polymer image transfer system developed by Dupont 
for the main feature of printed circuit boards•. The 
original manufacturing processes were extremely che
mical-intensive. resulting in the emission of pollutants 
and increased chemical disposal costs and liabilities. 
while the new processes use fewer toxic chemicals. or 
chemicals that produce fewer by-products for disposal. 
However, the cost savings in terms of chemicals and 
their disposals have not been sufficient to offset the 
increased costs of other inputs for the new processes. 
These results arc summarized in table 111.45. This 
example goes to show that not all clean technologies 
arc necessarily economical or cost effective. On the 
other hand. recent plant-level case-studies on waste 
minimization in the printed circuit board industry in 
the Unir:d State'\ present both technically and eco
nomically favourable alternatives to existing waste 
minimization technologies••. One of the plant casc
studies is concerned with the economic viability of a 
new toxic solvent waste recovery system (rccyclone 
RX-35) compared with the conventional off-site recla
mation technologies. The results are summarized in 

•For rcchnical derail\, \CC [6.1). pp. 9-22. 

••Fnr further derail\, ~cc [64). 
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T.lbl~ Il!.~2. ~ Clllmlljl!lll g[ Ollltentjorlll AD!,!~ 
tedlnologi~ ill 111:intec1-circuit-!Joard liD!ltt;1111:ill!l 

(Dollm) 

Its CoatelltiOllil !m-1laste Di!fereia 
silk-screen dry-fill 
tecllnoloqyil tedll!oloqyl/ 

ill (2) (2-li 

Treatment I Oil 27 l60 26m 
!>isposal 40 101 -40 101 
lilttr 261 9n 716 
Seliq 20 75 55 
Enerqy 46ll 53 l06 .. 675 
aie.ial.s II Nil 

ll "' 
-56 962 

Dry-Fili 157 762 157 762 

11lrAL ll4 956 271 171 136 922 

~: Susan T. Jollllnie, "llaste reduction in tile llevlttt-Padw'd, 
Colorado SjlriJ195 Division, printed circuit board lallllfact11rinq s11op•, 
lmrdcius !late GI Ba;ardogs laWjals, Yol.4, lo.I (1917), p.21. 

table 111.46. The operation of the two-stage solvent 
recovery syst~m resulted in a 97.5 per cent reduction 
in waste volume and a 99.R per cent recovery of 
solvent in the overhead. Moreover. the recycling of 
about 10.625 gai1ons (48,30 I litres) of solvent at this 
particular plant in the first year of operation meant a 
disposal savings at $0.35 per gallon of solvcnl, or 
$3,720 per year. In addition. a saving of $47,709 per 
year resulted from the reduction in fresh solvent 
purchases. The total savings of these two items 
amounted to $51,428. which represents a net first-year 
saving of $16,955 including total capital costs and an 
estimated inve~tment pay-back period of 7.3 months 
(see table 111.46). 



;~~~ • .lil!:!kal >Wt~-1!N..~_i;; ~ t~l.,;~_l!.-~~ 
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~ fPut lidljt, llell Jersey, loyeS Dlli <»rporatioa, 19Ul, 
p. P. 

f&: l qalloa : 4.~ liUtis. 

(iv) Corrosion protection of components 

The com·entional process technologies for corrosion 
protection of small components such as screws, nuts 
and sp1ings as connecting elements are cadmium 
electroplating processes. It is well l<nown that such 
processes produce toxic wastes. in particular cadmium. 
A new process technology designed to amid the toxic 
waste problem associated with the conventional tech
nology is the Rotalyt-Alutop process.• The new 
process is not only capable of reducing toxic wastes. 
but may also prove to be an economical means of 
ensuring the corrosion protection of bulk components 
of iron and steel. A cost comparison of the conven
tional and new process technologies is provided in 
table III.47. It is worth noting that the new process 
uses far less energy and raw materials, and the overall 
unit production cost of goods treated by the new 
process is 30 per cent lower than those treated by the 
conventional process. 

(v) Textile printing 

In textile printing, a clean technology called "transfer 
tex-printing technology" which was invented in the 
early 1960s by the French engineer Noel de Plase, has 
been adopted world-wide in recent years. This new 
process is not only environment ·Hy clean, but also 
offers considerable savings in terms of cost and time 
compared with the conventional method.•• 

Comparative data on materials and energy require
ments in the use of conventicnal and clean tech
nologies for textile printing are given in table 111.48. 
Energy and cost savings with clean technology are 
substantial. More importantly. transfer printing with 
an organic solvent system docs not generate any 

•f'or 1echnical de1ali,, 'ec (l>~J 

.. l'nr technical dc1a1I,, -cc [1>2J. p. R J .l 
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--------------------
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airborne or water-borne residuals, used solvent being 
recovered and reused in a closed system. Only some 
solid residuals arc collected for burning. Comparable 
investment rcq!.liremcnts for the conventional and new 
processes arc not available. 

(vi) Potato-Jtar<h manufacturing 

The: IJSSR developed a new low-waste technology 
for extracting potato starch in 1982. The new process 
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separates the potatoes into solid and liquid elements. 
which are then processed indep~ndemly. As a result. 
potato powder is produced without washing potatoes 
(the dr~ method). with natural potato cell fluid with 
water as a by-product. In the con\'entional process 
technology. the diluted potato cell fluid containing 
proteins. sugars etc. is discharged with the wastes•. 

Cost data for energy and raw materials and 
in\'estmenl =-~•?u:. . 'i for the conventiol'lal and 
low-was!e techno ,re summarized in table III..l9. 
It is wonh noting • the new technolugy eliminates 
waste water and results in considerable materials and 
energy sa\'ings. Abo\·e all. the in\'estment requirement 
for the new process is reduced. and the operational 
co~1s per tonne of output arc almost 30 per cent !ower. 
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llcil-901latiag lo R5tt 
dispogal 

0.2 llilliaa raables for 
mi-inti• or pobto 
pclllder pndll:tiaa 

~tiag casts: Mlctioa of 
JtO raables per tam unit pro-
of pot.Ito pclllder cb:tioa CIO&ts 

by 150 
raubles per 
toa of 1111-
pr1*t 

:imlm: Econotic eo.ission tor Ellrope, 'CoW!ldilll on lov= and !!Cja-yaste 
~· 901. 1, (la/EllV/36), p.6. 

Iii&: I CJ ' I qiqijollle. 

(vii) Preparation of moulding Jands for metal ca.Hing 
in the foundry industry 

The cost-effec1iveness of the traditional and low
waste proces~ technologies for preparing sand moulds 
for metal castings was studied by the Government of 
Poland in 1981 and the results are summari1ed in 
table 111.50 ... Compared with the conventional tech
nology, the low-waste technology yields substantial 
savings in energy and raw materials, while reducing 

0 h1r furihcr detail,, 'cc [Ml. 

••f·or a dcttHkJ 1ci:hnical dc ... c.:npllnn nf the cnn\.en11nnal :1nd 
OCI< prnCC\\C•. \CC [117[ 
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the emission of pollutants. ~1ore importantly. 1he unit 
cost of moulding sands per tonne of castings "a~ more 
than halved for different weight factors as a result of 
adopting the low-waste technology. 

(viii) Production of semi-Iyllfh1•tic antihioun from 
penicillin 

In some cases. the end-of-line or a:id-on process 
technology for pollution abatement could also be 
profitable. largely through the recovery and recycling 
of useful by-products. The re.:overy of pyridine from 
an effluent derived from the production of scmi
synt hetic antibiotics from renicillin. using a clean 
technolog~ developed by Cii~r Brocades in the Nether
lands. is a case in point•. 

•f·or ..t d<'lt-11kd IC'i.:hnu.:.11 lfr,\'.r1p11nn lit thr i.:nn\rnt1nn.1I .tnd 
dean prc>CC" tcchnnlc>jllC\, \CC r MI 
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Semi-synthetic antibiotics are produced from peni
cillin by chemical processes. In \'arious processing 
stages se\'eral chemicals an~ soh-ents are used. During 
this process. etl1uents containing se\'eral inorganic and 
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organic substances arr 'duced. These are normally 
discharged into sewag .;terns. The new clean tech-
nology is an add-on tt._.mology for the reco\'ery of 
pyridine from water and its reuse in production 
processes. Pyridine recovery facilities ha\'e been in 
operation since mid-1983. 

Plant capacny: Ehminati<>n ,,f 
.~ OIXl popul;!tion equi\3lcms 
Recover~ of 100 tonnes 
per year of pyndine 

Materials: Sodium hy11roxide .!5 per cent 
Solvent 

Utilities: steam. cooling. electricity 
lncineratio11: residue 
Maintenance and insurance 
Capital cost: amortization and interest 
labour 

Total annual costs 
Annual credits: Pyridine r~m-ercd 
: otal annual savings (credits minus costs) 

~ 500 000 

52 000 
Ill 000 

150 000 
IOOOO 

IOO 000 
325 000 
115 000 

762 000 
I 000000 

238 000 

None of the wastes generated by this clean tech
nology is directly discharged into the environment. 
More importantly. the economic valut: of the recovered 
pyridine more than' compensates for the operational 
and capital costs of the new add-on technology. as 
shown in the cost breakdown below. A comparison of 
th,. conventional and clean technoiogies is given in 
table 111.51. 

The elimination of one population equivalent thus saws 79 guilders. 
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(ix) Sumnwrr or otha cast·-srudit"J 

Examples of pwfitable rect)\ ery and reu~e of 
industrial \\astes as secondary raw materials abtiund. 
as retlected in the list gi\'en in table 111.52 of selected 
non-waste technologies applied in France. In ali cases. 
the market \'alue of recovered waste products exceeds 
the operating costs of new process technologies. and 
the gross operating profits may pro\·ide a sufficient 
margin to cover annual capital costs. 

Some additional examples of the economic \'iability 
of dean technologies in the United States are sum
marized in table 111.53. On the basis of a surwy of 
more than 500 companies that adopted clean tech
nologies. it was found that each company reduced 
industrial wastes by between 85 per cent and 100 per 
cent, and even more importantly. the in\'estment pay-

back periods were short. only three years to one month. 
These benefits accrued to tild industries as well as to 
high-technt)logy industrie~. The technolo~ical change 
includes incorptHation of advanced technologies. such 
as ion exchan~e and ultrafiltration. process modifica
tions in\'olving the replacement of an old substance by 
a new iess-polluting material. and the adoption of less 
chemical-intensi\'e and more mechanical processes. 
The most dramatic case was pro\'ided by the photo
graphic processing firm PCA International. Inc .. of 
the United States. referred to in table 111.53. The 
initial cost of S 120.000 for the process modification 
was paid back in a few months by annual sa\·ings in 
the cost of the developing solution ($360.000). the 
fixer solution ($25.000). the bleach solution ($780.000) 
and the silver reco\'ery ($1,410.000). This amounts to 
total annual savings of S2,575.000 (69]. 

Tt!>lc l!!.52. Costs and benefits ot sc!ected non-waste tec!moloqics !ISed in Prance 
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leco-my of lllfiaerie Elf 
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later ncyclUq in lsoAI, caste! jllCNJ Innst.nt 5 000 O(K) 

fibrel>oard pllDt (Tarn-et-<.aroane) optrlti.nq COits 500 OCl1 

lecycl illJ of Soci.U des m.t.Dt 534 000 
!ffllll!llts in !jlue estilllissmnts operatinq COits 53 <n: 
llld qel1tine ~ ll~er Bout~ 
llillllfacture Pont-de-I' 1in, llazuet 

(Tarn) 
Recovery of iron Sacilor, Gandr~ lnvestle!lt 3 700 000 
dust in steel110rts (!loselle) operating CO&ts 1 150 000 

Recovery of pl111 Eta!>! issaents Laparre lnvestle!lt 761 000 
juioe ~telnaud de Cratecolbe <¥rating costs 77 000 

( Lot-et-Garon.'IC) 

Recovery of qlyoeriae SHOllMrie de Lutterbach Invest.nt 600 000 
in a 14ap fac>..ory ( laut-lhi n) Operati111 C011ts 60 000 

R.acovery of qumy SocitU d'erploit.ation 
11Ubing1 de l 'entreprise 

liruint-Lary 
(lautes·Pyrh!Hs l 

Profit flll9 ilteruti" reco•uy process 
( tnDcll frucs l 

~ 11 000 <m 
oper1ti.nq costs 2 644 I))() 

Sales of ROOftnd ~ • 000 000 
craa apenti.nq profit 5 356 000 

~ 7 000 000 
Opmti.nq CDSts 10 500 000 
Sales of recolmd ~ 13 000 000 

IlllesU!Dt 5 200 000 
q.mti.nq costs l60 000 
Sales of recotmd pndlct 1 015 500 
craa opmti.nq profit 155 500 

InYeslmlt 300 000 
Operiti.nq costs 200 
Sales of recovered procb:t 1390 
c:rws opentUq profit I 730 

Inveslmlt 35 000 000 
Operiti.nq Olllls 73 000 000 
Sales of recolered procb:t 73 500 000 

I.mstmt 2 500 000 
Operiti.nq COits 100 000 
Siles of NCIO'faed ~ 350 000 
Gruis openti.nq prof it 250 000 

Inst.It 2CI 000 
Operati.nq COits 
wad -.ptioa of 
reco'end procb:t 11 000 
Grou operati.nq profit 11 000 
Investle!lt uoo 000 
operating costs l 250 000 

Invest.Mt 235 000 
operating costs lCO 000 
Sale of recovered pr~ 247 500 
Croes operat iilq profit 107 500 

Invest.ent coo ono 
operatinq costs 101 700 
Sale of l'!COVertd pr~ 2JO 000 
Croes Ojleratinq profit 171 300 

lnvestant Ill 000 
operatinq COits 3 200 
Sale of reco'ered ~ 11 000 
Croes operatinq profit 7 IOO 

:iQm: 11nited lations fJwiron11ent.al Proqra•, Tiie World C!tironlcnt ..llll·.lill l~li~. Tyoooly International Pllbl irbi~, 
1912), pp. 4~426. 



lndl&stry Percentaqe ~ion Pli-ba.:i 
of wastes perioc 

l'lllra':rJtiw iiater-based solieat re- 1001 'l yur 
proU:tioa pldd orqani;: 5'Jhe!!t 

r.q.is-t tltn!iltntion !OOl of soheat ~ oil 2 years 
-.If~ 9&l of plint 

ruw•i-t Proprie!arf process I'll of sludql? 2.5 years 

--~ 
!llb!mthe Plle'.matic cle.minq pro- lOOl of sludql? 2 years 

--~ ~ repldd ca11Stic 
pnoess 

licro- Vi..bratorj clean.inq re- loot of sludql? 1 1ears 
electronic; plaoed c.acstic process 

ctqWC A!Eorption, Sa'ip con- 95l of cml!llC l IOlltb 
dlSiOO.S denser. COllierUtion 
praction mt, floatinq root 

~c llectllllytic ~y 15l of cleYellJll'f ( l fNr 
fib pnoessilg ion HclliDJ! 95l of filer, silYer 

ud solftllt 

~: D. ~!llljl, •c1uner tedmologies tbrOUlj!I prQCl!55 IOdific.atiOll!:, 
lliUrl~ substi;utiCHE and i!COloqiWly b§ed etbiw Ulll!S0

, !!l!f IBtry 
~. JaDmy - lirdl, 1919. 

(d) Barriers to the diffusion of cft•an technologies 

The foregoing evaluation of selected process-level 
case-studies suggests that industrialization and environ
mental protection need not be a zero-sum game with one 
gaining at the expense of the other when clean Cir low
waste technologies are adopted. More specificallv. inte
grated_ approaches to process modifications desig~ed for 
polluuon and waste reductions at the source and 
economizing on factor inputs could result in both 
increased productivity. or lower production costs. and 
improved environment. Such cost-cutting and pollu
tant-reducing technologies seem to be available in the 
market or are in the process of being developed in a 
sufficient quantity across industries. The key question 
therefore is why most of the manufacturing industries 
are ~till scarcely penetrated by such potentially profit
makmg clean technologies, and instead dominated by 
the end-of-pipe approaches to pollution cor.trols as 
empirically suggested earlier. 

There are numerous and diverse obstacles to the 
d~ffusio~ of new processes technologies among indi
vidual f1r~s•. Any firm which explores the possibilities 
of adopu~g new environmental technologies usually 
faces a wide array of constraints of technical, e1:0-
nomic, financial and political nature. Consideration 
will now be given to selected technical, structural and 
regu~atory aspects which may have an important 
bearing on the slowness of industrial adoption llf 
clean technologies. It must be cautioned at the outset 
that barriers to the diffusion of technical change is 
discussed largely in the context of devel,lped market 

•1:or more derailed and comprchcn,l\c dr''""'o"' on the 
importance and '.:opr of the rcla11omh1p hct.,.ccn emm•nmcntal 
policy and lcchm.:al changr, and the npc ,,f environmental poll.:~ 
conducive to the diffu~inn nf technical change, ~ee r 44 J. . 

c~uno1uies. and that the magnitudi! of th~ prob!;:m 
:nay appear e\en greater when assessed against the 
Sl>Ctal and economic conditions of de\"doping coun
tries. 

The lack of technical information about dean 
technulvgies is often cited :is :in important ob~tade t•-' 
technical change. While knowledge about ne1.1. tech
nologies is essential. it is not. howe\"er. the most 
significant factor affecting manufacturing decisions 
today in developed countries. In fact, one Vnited 
States study evaluated the \"arious obstacles confronted 
and found that about 90 per cent of them are political 
and financial (insufficient cash flows and financial 
capital. regulatory problems. risk and uncertaint\". 
competitive pressures. reluctance to change etc.) a~d 
only 10 per cent of technical nature (lack of centralized 
and reliable in~'lrmation, low le\"el of a·.\"areness and 
a\·ailability of technology and alternative~ etc.) [59). The 
technological information gap. however. could be the 
single important initial obstacle to the diffusion of clean 
technologies in developing countries. Easv access to 
technical information is particularly important for 
small- and medium-sized firms if lhey are to inno\"ate. 

One of the difficulties most often cited in the literature 
is related to characteristics of the firm and the structure 
of industry. In particular, the absorptive capacit\" of a 
firm for technical change is seen to be related to the size 
and ~aturity of the firm and industry in question. The 
firm m the early stages of its growth cycle tends tv be 
flexible in choosing factor proportions in production 
methods, and hence can be recepti\"e to new processes. 
In contrast. as the firm becomes mature. it becomes 
moulded to certain established manufacturing practices. 
As a result. production systems become more inflexible 
and technical changes tend to be marginal. For instance, 
sugar refining in the United Kingdom, leather tanning in 
the Netherlands and paper and pulp in France are all 
seen to be mature industries, and all these industries 
have shown some resistance to new pro1:ess technologies 
a_nd have preferred "end-of-pipe" approaches to pollu
uon abatement. However. resistance to technical change 
caused by the ossification of industry structure is less 
relevant in a large number of developing countries. 
where most of the manufacturing industries are either at 
embryonic stages of development or are vet to be 
developed. · 

One i~ter~ening influence is that the size offirms may 
affect significantly their capacity to absorb new 
technologies regard1::ss of the stage of d::velopment. The 
small size of firms may prevent them from adopting 
clean technologies. even if they are aware of such 
opportunities, since they cannot afford the capital 
outlay, the modernization required, or the attendant 
risks of using new technologies. They are not capable of 
undertaking any large-scale R + D. and hence become 
technically dependent on outside sources. Such limita
tinns of small- and medium-sized firms are like Iv to be 
even more serious in developing countries. ' 

Environmental regulations constitute another fre
que~tly cited obstacle to technological change. In 
parucular, the relationship between environmental 
regulations and technical rhange is a contentious issue. 
The scope, contents and methods of enforceme·11 of 
environmental regulations may directly affect the 
attitude and response of a firm to clean technologies. In 
all cases. it is imperative that the formulation and imple-
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menlation uf em iron mental regulation!> be aJju,1eJ 1<1 

the indi\iJual characteristics uf the lirm-. anJ inJu,trie-. 
concerned. 

In general. the stringenc~ ol em ir.inmentai regula
tions can raise production cosis 3!> a result of the la\\ 
of diminishing return~ in impnwing em!rnnmt>nta! 
quality_ h must be noted. howe\'er. that strict regula
tiuns can also pro\'ide a stimulus for research into 
efficient technological solutions leading to sa\ ings in 
energy. raw materials and labour inputs_ One of the 
major lessons learned from many industrial case
studies is. howe\·er. that the stringency of regulations 
is not a decisive factor. What is more important is the 
ways in which regulations are enforceci: that is. the 
flexibility of regulation enforcement. It was shown 
earlier that the economic impact •Jf em·ironmental 
regulations varies considerably among industries. 
usually being more pronounced in certain hea\'y
polluting industries such as paper and pulp. chemicals. 
iron and steel and non-ferrous metals than in others_ 
It is essential, therefore. that the degree of stringency 
and the form of regulations should be adapted to the 
varying conditions of individual industries. Most of 
all, firms should be given sufficient time in responding 
to environmental regulations to allow for basic pro
cess changes instead of rushing to hasty solutions such 
as the end-of-pipe adjustment, while too much time 
permitted for the enforcement of environmental regu
lations may result in a certain laxity and diminished 
motivation for technical change on the part of firms. 

There arc many other regulatory aspects. such as 
regulatory uncertainty related to the implementation 
schedule, contents, continuity and consistency over 
time of the regulations, as well as financial factors. All 
these factors could influence the decisions of firms 
regarding tcchnologic.tl choices. For instance. high 
pollution charges may act as a strong financial 
incentive for industry to find efficient technological 
solutions in some cases. 

In essence, any programme designed to promote the 
diffusion of clean technologies must focus on an array 
of issues much broader than only technical aspects. In 
this regard, developing countries could benefit con
siderably from the rapidly accumulating experiences 
of developed countries when they altempt 10 for
mulate and implement their own environmental policy 
to promote the diffusion of clean lechnologir.s. 

F. Concluding remarks 

Industrialization exerts inevi!able stresses upon the 
environment. The present study has sought to deter
mine what stresses arise at what stages of industriali
zation. In other words. it has attempred to delineate 
the environmental pressures emanating from the 
growth and expansion of different manufacturing 
industries. 

Environmental deterioration associated with indus
trial development occurs at both the input and the 
output sides of production activities. Industrial pro
duction requires the input of a wide variety of natural 
resources such as water, energy. minerals, fores! 
products, and other raw materials whose rapid depic
tion may cause environmental dam~1gc and ecological 
disruption. On the outpul side, the manufacruring 
process generates myriad forms of wa,te that may 
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cn:atc :.aiou'i em iron mental ha1arJ-. im ol\ ing air. 
-.urfacc. anJ griiunJ-\\ater ~·llution. ha1arJou-, "a-.te' 
and lli\ic chemical-. releases_ -.oil contamina;ion. 
thc:rmal heal anJ nu.!>C:. Abo. the: con-.umption of 
man~ manufactured enJ-proJucb. ,uch a~ pe.,riciJe.,_ 
dc:tc:rgent-.. paints. plastics and combustion engine-. 
forthc:r contributes to these ha1arJs. • 

There is abundant literature on inJu-.trial pollution 
and its wider em ironmc:ntal effect-._ The: bulk of rhc: 
lirerature deals with certain specific aspects of industry 
and emironment. such as industrial water pollution. 
air pollution from the iron and ~teel industy. toxic 
waste dumps at ground sites. acid rain and industrial 
hazardous wastes. Few studies ha\'e attempted to 
assemble a comprehensi\'c picture covering all forms 
of the em·ironmental impact of industrial dc\·elopment. 
in particular the impact on air. land and water_ Such a 
collective or m·erall assessmc:nt of the en\'ironmental 
stress arising at different stages of the process of 
industrialization is urgently needed. not only to place 
the industry-environment relationship in a proper 
perspective. but also, and more importantly. to enable 
policy-makers and de\·elopment planners in de\·el
oping countries to make a correct and comprehensive 
asseo;smcnt of the en\'ironmcntal implicarions of pur
suing altcrnati\'c st:-arcgics of industrial development. 
For instance. with such a complete picture of the 
industry-environment link. it becomes possible to 
assess the particular environmental threats and the 
major pollution problems for land. air and water, 
both actual and potential. that may arise from 
alternative industrial de\·clopment strategies. It also 
makes it easier to identify the key pollutants and the 
major sources of environmental damage. The present 
study has attempted to meet this need by providing a 
more integrated perspccrive on the en\'ironmental 
impact of industrial development. 

Economic development through industrialization 
has been a historically well-trodden path to the 
achievement of higher standards of living and expanded 
economic development. lndusrrialization and economic 
development is today perceived as a major cause of 
environmental degradation in developed countries. This 
pcrceplion is not, however, equally shared by de\'el
oping countries. which arc trapped in a cruel dilemma. 
These countries today cannot escape en\'ironmental 
problems; they are faced with a no-win si1ua1ion. 
Without development, poverty-induced environmental 
degradarion such as deforestation, desertification and 
environmcnral contamination caused by subsrandard 
living condirions will conlinue to plague developing 
counrries. On the orher hand. environmental problems 
will arise out of the actual attempts to eradicate 

"In 1h1' regard. ii " -.orth nolmg 1ha1 1hc (11nccp1 of .. cleaner 
produ((,··. -.hich " nol hcmg C•ICO\l\Ch dl\cu"cd m \;mou' 
en\1r110mcntal fnrum\, take.., into accnunl 1hc cn...,1r11nmcntttl cffrct' 
of 1hc \.ilflou' c:lc:mcnt' of a prrnJ1h.:I Jc,crihcd hrrc. ''H.:h "' 
c'trac11on of rtt\.\ mareriitl'- ttnd 1hc mdn11fac.:t11rc. u'~ ;snd d1,po,11I 
nf 1hc pr11d11CI. the idea 11( m1nim111ng CO\ 1r11nmcn1al damage 
1hr11111tho111 lhc cnurc hie "de 11f a produd " appc;ihng. h111 11 1' 
(11:1,cptualh and lc,hnocalh d11tic11l1 ''' dc1crmmc -.hat c11n,111111c' 
;1 cleaner produ'I. and 11pcra11onall, d1ff"11l1 to mca,urc an<l 
(11mparc rhc cn'.1r1 )nmcnto1I (11n1cnh 11f lirnc1ll~ million' nl hcrcrn· 
p:cnc1u1 ... prndw..:r' f·nr an 1l1umm.1rm,c d1'"'''1on 11n the ~nnr.:cp1 11f 
de.oner produ"'· 'cc .lacquchnc ,\1.,1,1 dr I ;ordcrcl ;ir,d Clar.1 
llclhrid~c ... l'rodu(( dc'll(n and the cmoronment ... p;opcr 1uc,cn.cd 
at < h111.J1·r,. 1/ ( ·,.,, h10-l'ro~r1·110. /'rodo110. Amhlf'ffft'. 2-J h.~hructr\ 

l•m. Milan 1m1mcojtr.1pl>cd1 



p.n·crt~ thr.iugh industriali1a1ion and dc\eltipment. 
From the perspecti\c tif dc\eloping Ctmntrics. !he 
primac~ <lf indu~trialization is beyond dispute. despite 
its p.itcntial cminlnmcntal costs. ~fore imptirtantl~. 
industriali.tation could bectimc a cure for their en\ iron
m.-nt:il prnhl.-m" if an cmir.mmcntally sound indus
trial dnelopmcnt strategy is pursued. 

In this regard. the importance of low-waste or dean 
technologies cannot be o,·cr-emphasized in forging 
ahead with the industrialization process. A number of 
case-studies ha,·c been reviewed which substantiate the 
potential of new clean technologies not only to reduce 
industrial pollution drastically. but also to remain 
economically profitable in their own right. The sub
stantial sa,·ings achie,·ed in materials and labour costs 
are often more than sufficient to offset initial higher 
im·estment costs. Low-waste or clean technologies also 
point to a way out of a potential conflict between indus
trial growth and environmental protection. Growth and 
en\'ironmental protection can go hand in hand with 
clean tech:iologies. 

One important conclusion of the present study is 
that if the current patterns of structural change in 
world industry should continue unchecked, environ
mental problems in de,·eloping countries will be likely 
to reach crisis proportions in the near future. More 
specifically. it has been shown that the world-wide 
stagflation during the period 1980-1982 and the 
subsequent growth recession forced many developed 
countries extensively to restructure and trim down 
their traditional smoke-stack industries and caused 
them to shift to the development and expansion of 
high-technology industries. As a result, a considerable 
part of the traditional manufacturing activities in 
developed countries have been redeployed to devel
oping countries. For instance, the fastest-growing 
industries in developing countries compared with their 
counterparts in developed countries during the period 
1970-1988 are mainly concrntrated in two groups: the 
labour-intensive light manufacturing group (leather, 
footwear, textiles, \\Caring apparel and beverages), 
and the capital-intensive basic-materials-producing 
group (iron and steel. non-ferrous metals, plastics, 
petroleum and coal products, metal products, indus
trial chemicals and paper). 

It has been painstakingly documented that most of 
these growth industries in developing countries are 
highly resource-intensive. using large quantities of 
water, energy and raw materials, and at the same time 
highly pollution-intensive, generating a large variety 
of pollutants and industrial wastes including toxic 
substance!>. It seems evident that the rapid expansion 
of smoke-stack industric~. in the South may become 
unsustainable sooner than expected, unless the dif
fusion of clean technologies occurs on a massive scale 
across industries and countries. Industrial pollution 
and depletion of natural resources in developing 
countries may soon reach a critical level that sub
sequently gives rise to severe environmental disrup
tion. It is true that industrial pollution represents still 
more of & potential than an actual threat in many 
regions of the South, particularly in Africa. But severe 
industrial pollution problems encountered now in 
many rapidly ind11striali1ing developing countric~ may 
foreshadow what is to come on a far broader scale in 
other developing countries. 

To recapitulate. the crux of the problem is the 
extent t•i which the dri,·c Ill sustain industrialilation in 
d-:,·cloping wuntries will be con~traincd b~ their 
natural resource base and their cnYironmcntal absorp
ti,·e capacit~. To prnnhHe continued rapid industrial 
)!rowth without also ir1posing em·ironmental controls 
in den~loping courtr;.:s may accelerate the depletiL>n 
of natural resource;. with serious ecological and 
em·ironmental consequences. and cause direct environ
mental degradation through unchecked industrial pol
lution. to such an extent that the process of in
dustrialization will no longer be sustainable. 

It has been shown in the present study that the key 
to sustainable mdu!.lrial dc,·elopmcnt is clean tcch
r.ology. There arc certain apparent ad,·antages of 
adopting clean technologies in developing countries. 
Still at relatively early stages of industrialization. 
many de,·cloping countries have the option of tech
nological choices that are less disruptive to their 
environment than the existing technologies used in 
dc\'cloped countries. Moreover, when a new plant is 
being built, the adoption of a clean process technology 
or the incorporation of pollution-abatement equip
ment is significantly cheaper than the installation of 
such equipment in an existing plant. 

From the perspective of individual dc\·eloping 
countries where industrial pollution is still far less 
serious than in developed countries, the pervading 
approach is to adopt less costly and less effective 
industrial pollution-control methods, and to assume 
that technical progress will bring down pollution
abatcmcnt costs. Further economic growth may then 
make the costs of more .:ffcctivc methods much easier 
to bear in the future. The "fallacy-of-composition" 
argument, however, may make this approach unten
able. While the industrial pollution problem may be 
manageable for indi\'idual developing countries in 
isolation, the environmental pressure imposed by the 
simultaneous industrialization processes of developing 
countries collectively may become unsustainable, not 
only for individual countries, but also for the global 
environment because of the trans boundary migration of 
pollutants and their overall cumulative effects. These 
manifest themselves in broader ecosystem damage, such 
as the ··greenhouse effect". the depiction of the ozone 
layer, acid rain and other global threats. 

The mutuality of interest between developed and 
developing regions in environmental protection seems 
to provide a compelling case for North-South co
operation to promote and sustain environmentally 
sound industrial development in developing countries, 
mainly through the diffusion of such technologies. 
There arc, however, some major obstacles to the 
diffusion of clean technologies in cicvc:oping coun
tries. First of all, the bulk of clean technologies 
engineered in developed countries may not be appro
priate for the ecological conditions of developing 
countries. Even if appropriate technologies are found. 
there is still the urgent need for technical co
operation, knowledge transfer, and the development 
of expertise in waste management and environmental 
regulations and policies. More importantly, environ
mental protection requires heavy capital investments 
and additional resource commitments that developing 
countries cannot well afford. The question of who 
pays for the higher costs arising out of an environ-
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menrall~ "1umkr appnia..:h I•• indu•arialitalit>n in 
de\l·l11p11.g ..:.1untrie' and li.n\ thi' hurJen 1, tt1 !le 
all.1..:;1tcd het\\een dc\el,1pe,f and de\eh1pi!1g ..:11un1ne' 
i-. ..:rm:i;il. ( ;i\en :he ..:urrenl dd'I pr. ihkrns ;ind re-.1 •ur..:e 
c1in,train1' C••nfr.1111ing mils! dc\clt1ping .;,1untrie'. 
there ..,cem' t.> he no alternati\e to the n11>hili1ati•>n 
;ind pro\i,ion ,,f additi1in;i! re">tircc-. he pr.l\ided h~ 
dc\dopeJ co:mrrie .... Finding an appr.1priatc n111d11\ 
op1·ra11di for channelling -;u..:h addirional resources. 
whether thr•n1gh e\i•aing !'iilateral 11r multilateral 
mechanisms or an ..-nrirely new ;l\·enue. such as a 
.,pecial fund for en\ironmental prorection in de\el
oping c.1untries. is an issue which warranh separate 
serious consideratinn•. Othernisc. ail will pay dearly 
for rhe failure t.1 acl in this \ital area of in1ernati1•nal 
co-operation. 

Clnsely related to industrial pollutinn problem-. in 
de\el11ping cnuntries is th..- fact that increased pollution
control costs in certain indu-.tr!al pr.ice~ses in de\eloped 
countries could gi\·e rise to sub-;tantial differentials in 
international manufacturing cost-competiti\·enes-.. This 
price and cost differential may in turn create pr..-ssure 
for increased generalized protectioni-.m or the erection 
of non-rariff barriers againsr specific products manu
factured in counrrie-; unencumbered by stringent 
em·ironmental regulations. Such a shift in competi
ti~·eness may also accelerate the migration of polluting 
industries or processes to countrie' facing a less urgent 
pollution problem. mainly de\cloping c.mntrie .... The 
pr.1bkm of the export of pollution 10 d::vdDping coun 
tries appears lo be particularly acute in ha1ardous 
pr.1duc1-.. Faced with strict en\ir.mmental regulations 
at home. many manufacturer-. in dc\clopcd countries 
find it economically attracti\C to rno\e ha1ardou' 
manufacturing plani... to i.:,, rc,tricti\e place-.. mainl~ 
de\clopmg counrric,. Empirical c\idcncc of the inter
national migration of highl~ polluring indu,tric-. from 
dc\cloped 10 dc\cloping counrries abound particular!~ 

•h1r rn't~1nlc. f11r a fl."'-enr dt,(ll'"'on ,,n nu:(h,tnhm' l11r 
fm~&Ol..'IOi! the.· )!l11h,tl c:rn1r1inm1.·nt. 'c1..· rhc \\'11rhf fl;m~ p.1JlC'L 
.. , und1nv f11r the: µlt)hal CO\Jr11nnu.·n1 ... prc..,c:n1c.~d at thc ckH·nf:\ 
... r ... -.1.•n, it thl· Cnmm1u~c: nl lr1tl·rnat1on.tl I k\.d11pmC"nt ln-.r11111111'~' 

""the I ""'"nmcnt. """"'"- l-l-11> :\l;n 1'1'10 1"'1;11'. 1<11>11 
•111,.l I '~I 

in rh..- pr1>dudi1111 11f ha1ard11us -;uhstan.:c-;. The li-.1 ,,f 
h;.11ard1>u' pn•du..:1' and indt1'tric-. l"\p•1rted h• d..-\cl
••ping .:1•untric' indud..--. ;1,h..--.101-. ll"\tik., ;..nd fri.:ti1>n 
pr.>,fu..:1'. ar,cni..: and rdln..-d ..:opper fr,•m primar: 
'melt..-r-.. m•:n:ur: mining. lead mining and hattcry 
plaah. primar~ refined 1111..:. p..-,1icidc'. her11idin..
d:e,. \·inyl chlMidc and ir<1n and ,k-...1*. 

Gi,cn the accelerating trend to\\J.rd' the intcr
nationai rcdcpl1>y111cnt of p.illuting indu't. ., to dc\cl
oping cmmrric'. the latter may face a difficuh deci,ion 
regarding whcth..-r tl? create a fan1urablc dimatc for 
foreign ime-.tment at th..- .;,,.,t ,if the en\ironmcnt. or 
1<1 protect the cn\·ironment. j! the co-.t of .,(owing 
down for..-ign capital inflow-.. In the ab.,cncc of 
internati1111al co-operation for the prnm<>tion of dean 
industrial technologies in de\eloping counrries. in 
most casco; those countric-. arc likely to npl for 
dc\ch>pmcnt at the expense of the en·•ironmcnt. 
particularly where indu ... trial pollution ha-. not yet 
reached a critical Incl. Bur in doing so. d<."\cloping 
countries fail h> benefit from the experience of 
de\elopcd countries in a\oiding the wor't form-. of 
em·irnnmemal damage by implementing pre\enti\·e 
strategies for pollution control rather than reacti\·c 
strategics inn1h·ing clean-up afrer pollt:tion. Such 
pre\enti\e strategies call for the integration of en\iron
mental concerns in1<1 industrial de\clopment plan' al 
the initial stages of formulation. Abo\·e all. irs ca lb fnr 
massi\c financial ~upport to promote clean tech
nologie-> in de\·eloping countrie\. P!tima!ely. '.\1•rth
South co-operation will make it pos...iblc nor only 10 
create a cleaner gh1bal en\ironmcnt. bur also to 
ob,iate the need for the !\orth-South migration of 
polluting indu-.uie,. In thi., regard. it mu-.t be empha
... i1ed that the increasing prern.:c11pati1111 with the 
en\ironmcnr in de\cloped countric., ,110uld not he 
allowed to detract from rheir supporr f.ir the con
tinued indu-.triali1ation of dc\eloping countric'. b: 
reducing re-.ourcc transfers or distorting aid prioritic .... 

•111r 1.."\IC'rhl\C' d11L11mcnt;111on "n I 'n11C'd \t.1tc-. c.·\p11n-.. ·ii pl.1nh 
pr11t.l11(1n}! \;H1,111-. h.11;1n.l1•11 .. pr11d111..1-. f11 dC'\d11pm~ (1111nt111.."'· -.i.:t: 

(7111. pp ~l1'1-Ml7 I .. r gcncr;1I 'llrH" 111 the 4uc,lt•Hl nf ha1ard""' 
c•p"n'. 'cc (711. chap Ill (721. and (711. pp. 1A-1J>. 

Appendix 

Statiuicaf Tahfn 

158 

%Able W.5t. lnlca14tjgpal cgwriS!!D of water mll!WDIA pu iait 
of Hlccted wut.ctUied nrod!lru 

Industry, product 11111 
cto1111try 

l'ood grO!M:U 
Brud, DaiUd Stites 
Brull, cyprUl 
Breld or p11t:y, llelqil11 
~ 
~it, lltlqi111 
VqUbles, lelqh11 
Pruilll 11111 Yl!Clftables, caMda 
VeqeUlll•, Isuel 
rruits, teqetibles 11111 juias 
1196~), Ollit.d Stites 

Dai t or procb:t 
(tOMeS, tlO!pt .s 

specified) 

llltu requ.i red per 
1111it (litres) 

2 100 to 4 200 
600 

1100 

1~ 000 
• 000 to JO 000 

10 000 to !lO 000 
10 000 to 1~ 000 

24 000 



lilt 
11e1t mezi.llJ, cnr-
lllt frmi.llJ, .. IMlml 
lllt pdilq, lmted Sbta 
lllt pdilq, a.1111 
lill .wl lilt .-n 
a... 
cnr-
.. llll.IM 
lmted stat.I 
lill 
lelqi• 
rw.i 
lantl 
!Illa 
lmtlll Sbts 

1111 
DlmEt 
PWat 
n11r 
l'aital ... 

rr-
Glrmf' r.lml 
..,.Uc If 

lantl 
lmted~ .... .... 
ltlqi• 
c:.ldl 
Prall 
lmted stU 
rw.t 
lantl 
lmted~ 

P!!1' 1111 .. 
cramMod palp, ?Wad 
s.1flllb palp 
rw-s --sw.dea 
~te p11p, rw.i 
Pi Wiii --.... 

1111.it of pndlct litter lllplind pu 
(t-. tiapl • •it (litnsl 

specified) 

1 Gml litnl 

lllolitn 
lilolltn 
l.ilolitn 
!tilolitn 
l.ilolitn 
lilolitn 
lilolitn 

r- of llOOd palp 

500 
l C8I to UDO 

DOOO 
I IGO to l4 000 

10 • 
za 

27 500 

7Gml 
20QOtaSCDI 
2 7UD 
2Gmlta4000 
JODO 

41DOtalSIXI 
10 000 ta lll GOO 
10 5111 tD u 500 
l DI ta I Jiii 

(!11f1t) ,., ... , 
10., 

10 400 ta 14 000 
1 IGO 
)JJO ta. Jiii 

7 cm to JI GCO 
10 a to lll ooo 
14500 
1S DI 
10 cm to » ooo 
1l 500 
6 cm to 10 ooo 

lO ODO to 40 COi 

7- of palp ZiO 000 to l50 ODO 
'- of lllbllldlld palp 15 ODO to lDO ODO 
,_ of bllldlld palp 170 000 to 500 ODO 
'- of llllldlld pllp 450 000 to 500 ODO 
'- of •llldlld palp 250 ODO to JOO ODO 
!WI of llllldlld pllp JOO ODO to 7UD 000 
r- of •llldlld palp UO 000 to 500 ODO 

llllodpllp 
Jldlltry -., 1111.ited SUtel '- of llllP 1111 plPll' 236 ODO 

Jldlltry .... 
1111.ited~ 

lmtry .... Prall 
~ 

.W, ...,.., AfanillJ, .. 
-.111 litnte, lelqi• 

,_ of ..... - ..... '° 000 
,_ of ,.,, - ..... 150 000 

-.ill AlfUte, 1111.itld St.It.I 

256 000 
52 000 

ns ODO 

c.tic - - cilGrill, c.1111 
catic llOda, SOlqy enc-, 

1111.it.i 3tltea 
c.tic llOda, dial prac:91, 
c.r..y, hderll llpablic of 

SOlp, lllqi• 
SOlp' CWl1ll 
SOlp, u.iry, llibd stlbl 

lllt.1lll 
DJtillJ 1111 fl.alailiJ 
CGttGI ,.., Ilrll1 
Syltllltlc ,.., I81tl 
lool ,.., Ilrll1 
rlllric:I, llrMl 

IWa 
cott. 
rw-s ..... 

llool 
Pialild 
Miii 

7- of clotll or yan 
twe of wol 

us 000 

fO !500 

lfO ODO 
J7 ODO 
4 !500 

MO to uao 

fO ODO tt llO ODO '° 000 tt uo 000 
70 000 to uo 000 '° 000 to 100 000 

50 000 to 150 000 
10 000 to 20 ODO 

150 ODO "1 ¥.IO OOC 
400 000 

159 



160 

T»lt Ill.54 !Mjwl 

Im .. Ital "*" 
E<elqi• 
11.t f1nlct, IO nqclim9 
11.t r.-, litll NCJClilll 
rw.t•..a-tw... 
Ital, • nqdjmlf 
rw...••-tm... 
Ital, litll NCJClilll 

a.II 
Piq ina 
Clfll mtl Ital 
fr-. 
Sllltil; 
llrtir . ..- ( ... ~I 
-...~ 
, .... ca.rt«, 

llcttic r- sUtl 
1Dllim9 llills 

a.it.I stlta 
Nly iltMptld lills 

IDllP9 .. *'-im9 lills 
il.t hnaa! -1lliq 
lllttnmUll-.iCll femt
illClfl 
1-.my.~--

•jpll .... , 
Mtm!IU., tllted st.lttl 
Ollllmt, IWt1-I 
1119i• 
(Wm, *Y lllal5 
rw..i 
imw .... wt ..
hrtilim plimt, rw..i 

'18, ltlqia 
....._., 5altl Africa 
Leltller, rw.i 
~ i.ailrf, imw Sta. 

Leltller i.ailrf, cnr-

~It cf prodlct lllttr ~rwd pit 

''-· •1.:ept. iait 1litre:51 
specified I 

"*id• 

t-.ofllidls 
5'm'tlltrtof bide 
Sqm'l lltrt of -11 

aill1 Rill 

51 CIOO to 7l 000 
5D 11111 

'1 CIOO 

l7 aao 

uo aao 
22• 

10 CIOO 
tO CIOO 
lO 000 

16CIOO tlterilfe) 
U 'lllO (Plnlll! I 

103 000 ( Perlll?) 
naoo (mrifftl 

l IOO ( tstiated I 

ll 000 

210 000 
uooo 
!iO 100 
50 000 to 125 000 

211 to 2 550 

uo 

:illlla: ftlt !!rm! for 111tcr: ...,.... .a JctWtlmj• Car Pmjectieg atcr 
' t ia Qc a.tut of lieiWI Ml leti•I p!•l5. lltlnl a..ois/lllter Stri• 
ID. l (sr fl.'ll/ll I . 

IRfl: Mle ._. • dlU fra1 tlle foll..W, llN!tri•: 11el4ia, Clllcla, cypr., 
n.i.rt, rw.i, rr-, coa-y, redlnl llplblic: of, 1sne1, rw.r, Jtpa, 11t11er111111, 
.. 11111111, SOltl lfric:a, 51116!1, imw r!lpl, imt.1 stita. IDlt of t11e dltl • 
,n'fidld ""* rllflCli• ~ii r..-. to rllllBt& inll tlle Slaltary~ 
of tat !mt.I lltiom file ACtJ ilfonltiol ii 1'57 .. 1'61. • wide milt of Yll'iiti• 
ii lpltlfic at. -ta nUtcta diff~ .la t.cllltloqi.. 

T4blt III » 5tllctll wlrqwttl efflCU gf Ult AG! actor If 

llr 111ters 
(surflClll, 
llldlr'qmlld/ 
ln1'ftd and 
mine) 

land llld IO I ls 

- Acid •ine - !.lld sdlside.lat 
dr1i11191 • !.lld IM for 

• NI• I !quid 11Ms and heaps 
IUte d1spul - !.lld l'ICl•tlon 

- Wl!M 1r1ll- of ope c:11t lines 
lbilltJ 

·lull •ter 
trwi...t 

• lllter poll~ion 
r ra1 1toraqe 
hllpl 

Wild life 

- llltllRl hlbilll 
dist\l'IJed 

• ElcploiUlion Of 
111 ldernesl or 
111tunl ll'MI for 
s11rfltll lin ill! 

Otller effects • 
solid •Ste, 
rlsts, to h111111 
llelllth, noise, 
viSU1l i•ct etc. 

• Ilise or rail 
tnn51>C>rt or 
a>al 

• ~t •l•ion 
- Visual t..,act 

Of roe! 111116 
-~tlaial 

rlsits 



tnerqJ 5llllmS lir 

l'l!trolNI - ·~ prou:ticll 
~ Six· '°r· co. a>z, II:, -ii. 

puticalitl!S, 
Ulm ellmnts 

- IC mission 
(•illy •tlllne) 

- rr-.ta! 
aillSiClll 

- ·~ al tullm-
tiCll aissi<llS 

Unaim fuel cycle - lilliOICtiw dist 
lllCI electricity -C-Seffl•t 
frm nuclear powr ( mllC11ucleids, 
?l.mts r. lllrl 

- llcalt gas, 1-l, 
1-lll, C-14 

- Local ellatic 
ilpact of <XJOllllC) 
tolers 

- Dlcalt.iDltiCll 
1111 dmmlssicll-
Ing of aucleer 
pMr plants 

~ -11-
Bicmss, camusti011: air 
l)t0tlle1111l, pollution, 
wind alll partlcul1tts 
solar me~il!S - G«>tllenal: air 

Electricity 
generation fl'O!ll 
fossil fuels 
(excllllinq nuclNr 
tne!1JYi 

pollutiOll 

-ro.. Ilic· co. 
'°2• It, traca 
el_,ts, 
p&rticulates, 
ndinnuclides 

- r.a1-mqe 
trllMjX>rt and 
•lt\onof 
pollutants 

- CH11tie ilplct 
of mollnq town 

llaters l.i::d.i::ds::ils vrn !i!e O!ller eff!ctS -
(surfiCI!, solid mte. 
~I rists, to i... 
ialMI lllil bet!~ 110isr, 
Mrial!) f isull ilplct etc. 

- Oil spills - Lmd - ror - lltural lllbit.At - BlOIHIUtS 
- Viler ••il- ftcilitll!S llld distirbed - Ellplosicns 11111 

lbility pipes - Pipelillt ilplct fim 
Cll wild life - Pipeline leats 

- Wild life - Spills (ICCi-
p:>lllted tllrcugb dmW ml aper-
lllts or spills •tilllll) 

- Yi.SUll ~ of 
plptliDIS 

- Licpiid - I.al - for - llturai IBbi!.At - 9lOIHIUtS 
residull facilitil!S and distllbed - liqh lfllk 
dispcAl pipes - llplct of pipelines p:>tential 

<11 wild life - Genml Slfety 
- Spiils 11111 

aplasions 
- Visual iJllad of 

?ipe!iDIS 

- 111ae draillq - Lllllls*idmce - snadarJ effects - ladioactive 

-~ (Iii•) of~Cll pnducts 
•ter - Laad reclmltloa •ter, land al - lline •ter 
!llllt.inatioo Of q8 CISt air - llill tailing 11ater 

- ater avail- aines (to1ic ll!tal liquid 
lbillty - Land use for alnes llld solid c:laical 

- tlleml IBSbs, 
ntlNSl!S !ldiol09ieal •st.es) 

- !.iquid ralio-
111eleid 
tllissioa (11-3, 
ar60, Sr-90, 
I-lll, lu-106, 
CS-llfi 11111 ll7J 

- Effect Oii 
hydrological 
cycles 

- ater quality 
and ntSOIZ'Cl!S 

- lic:mss 
aJll'ler.::!on: 
p:>llutiOll 
•ttr avail
lbility 

- G«>thmlal; 
•ter 
p:>llution 

- lllter avail
lbllity 

- ftleml 
l'llelll!S 

- Land irmersibly 
:1oo1ec1 

- Llllclslidt risks 

affected 

- ~cled fissioo 
~ 

- liqh-level 
!ldiOllCtift IBStes 

- Yisual ilpaet of 
moling toilers and 

po11tr lines 
- l:>ist 
- OtaflUooal risks 

- llild life labi I.At 
of rivers 

- Chmige in 
ec:asystm 

- fill! •igntiOll 

- Land use for - 8iC111SS: emsystea 
1111!1JT plantatiCllS diqtlon by 

- Land requi~t llMlr'IJT plantatioas 
of solar energy wind IJl!MRt«S 

- Land requi~t 

- limMS risk to 
11>rters 

- l'botcwoltaie toxic 
p:>lluliOll llllln 

deaaissloninq 

- 5eallldary effects 
on •ter, air 
and lalll 
• Solid •stes 

-Aslldi~ 
- lloise 

-Visual~ 
- Risk of da 
~lll't 

- lloise of •ind 
~rat.ors 

- Visual iapact of 

- Visual Impact of 
aiollnq toters 
and ))(Mr Jlnl!S 

zmm, Orga!IUtion for !alaie C~tion llld O.VeJlllmlt, Tlw St.Ill of ti! Enyil'O!W!!t l~ (Paris, 1985). 
ti Eke!tdlnq tfttrn ise in transport, aqrieultun and other activities (heltin9 tlc.J 
'OJ Fossil f1al1, extract!on, trm!Mlt, tn!llpOrt and •te dll!IONI. 
rJ RlllNbl• IMl'qf. 
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Itlllt Ill-~. Ill!l!ll!.till I'S! !If U!! mcrilli 

IS!C Illlkrtr; lav uttriils 
aldil 

m12 Food procb:ts LiftStod[, fruits, ~Ul!les, s.lt, qluaise, 
11o1ter 

lll l!f'ttrllJ'S Frllits, lllt, bop&, ~llCll5e, Voller 
314 Tabia:o bv toblcco, piper vr~ ud ~. 

-tllol 
321 Ttrtilts lav cotton, llOO! ud sill:, etbyle!li! ozide a!ld 

tmplltllllic .cid (for polyst.lr), water 
m llNrinq~l Tutile procb:ts 
l2l Leltbtr ml fur 

procb:ts lnilll hides ml stin, ~-. sodim 
dlloride 

:m Footwu Leit!ler, pllStic, llOOd 
lll llaod procb:ts llaod f illns 
332 nnitare, firtme:s llaod procb:ts, pllStic, 11etals 
341 Piper ud piper prOlb:ts PU;p, llmiai• Slllplllt!s 
342 Priatinq, (Nblisllinq pi;ier. iak 
m ID!krtrill dlaicals Irmquic Cid orquic dlftic:als, lill!Stone 
352 other cbesi c:al 

procb:ts l;tOlqlDic illd oiqu.ic clai.c:als 
353 Fl!tzvlem ref inerie:s cnde oil 
354 liscell- petrol- <:oil 

procb:ts era oil, Clli.l 
355 IUllber procb:ts LIW, pol)'llen, dlftic:als 
356 PllStic procb:ts n.e.c. l'olJYillyl dllarid! (P'lC), polyethyleae 

ter.plltllllate (P!T), recycle pllStics 
3'1 Pottery, dtiM etc. alila clay, finclay, bill clay, dolmite 
362 elm ud pr.diets Silica sud, lilestane, sodi 1511, recycle 

ql&Sll 
369 ...Wlic proU:ts, 

1.e.c. Li~. dlilt, CJYPlllll/lllllydrite 
371 Ina ud steel Irm ore, lilleStme, recycle sa:1p 

372 b-fmulli l!Ws llilllite, OO!J11U, llid, zillc, c:aiaim 
311 llttils proU:ts lecycle sa:1p, lletil slleet 
312 lloH!ectric:al ucllinery 

1.e.c. steel, recycle scnp 
JI] Electric.al ucllinery ~. ql156-aruics, silicua, cor!l'f 
314 Trusport tqllipmit Cliss steel fibre, reiaforoed pllStic, 

llmini•, cbrolle 
315 ProfessiOllll. 

ud scientific qoods Silicua, steel, dia.lld, plati:la 
l'lO otller imtrie:s Stal, otller iltemdiate rw •tlrials. 

am: D.!. li(/Jley, D.!., "loll-letallic 1esourcts•, in Indiqengqs Ii!! 
laterills for InMtQ !Ile lletils Society (Loadoa, Luton, 1914), p. 9, and 
Sell la!lcJ, I.mtrial l'l!llgtjon C!!Dtl!ll: 1¥11$ and 'ledlnips (lev York, 
llinllold, 1911). 

r..iteqor its of sources 

I. Pulp and papo.~ •ills 
2. ripert.sed, builder's paper Ind 

board 1ills 
l. tut product Ind renderinq process 
I. Dairy product proasainq 
~. Crain 1i lls 
6. Callned Ind presmed fruits Ind 

veqet.lbles pr°""inq 
canned and pres.e!"fed u..ifood prooeuinq 

I. Suqar procesainq 

Knovn significant pollutants 

n, <XX>, SS 
n, 06, SS, I, I>), D3, 00:, P, bac. 
pl, n, <m, 06, ss, set.,. 
n, SS, pl!, 06, I, P, hut 

n, SS, pl 
n. Oll, SS, 06, 0, fecal colifon, Cl 
n, axi, SS, 06, coli. a3, pl, llNt 



uttqDries of soara:s i.. si91ifie11t poiiut.s 

9. h1tilt aills II>, all, D:i, coloar, SS, OK, llNty 
.uts (Oa, er, 611 

10. Cllellt ..tlCblrilllj 115, SS, pl, belt 
11. Ftedlots Ill, DS, SS, S>), P, coli 
12. Uectropl&tiaq 1eny ltt.lls (Ct, II, Ii, OI, otlltrsl, 

al, Ki.dity, pl, DS, SS 
ll. 1Jr9Mic cbsicals Ml!flCbriaq o, imuctrd rw Mtarills, 11111, all, SS, 

ICiditJ ar albliaily, MHJ llUis ml 
llelt 

u. ImqlLic dll9icals -CICtlriaq Ditided iato 22 discrete Slllateqari.t/, 
Pl, DS, CDI, pl, llNt 

15. PllStic .t sptlletic mmrials a, Clll, SS, llY'fJ lltlls, pl 
(subc1te9DrifS ory ute.siftlJ) 

16. Soip Md ~ .-flduriaq Pl, all, SS, Ole, Art, pl 
17. Fertilizer ..tltt.riaq 

Slllpirt l - pllaispbite type pl, P, F, Cll, Is, V, U 

5ldlplrt II - ~a pl, •• 0 
S".lllplrtC-lllU pl, I 
~ D -~- aitnte '*· •. ID) 
~ D - aitric 11:id pll, •• S>) 

11. l'l!t:olem miaiaq o.s, 1'11111, 19), a, cm, 11u..., .uis, 
llbliaity 

19. lnic illlld steel ..tiCblrinq 1'11111, a, •3, O, SS, bHty lttlls, (Ct, 
Ii, 11, Sil), 115, Ki.dity, llut 

20. 11111-fmws lttlls 111111flcblrinq 111), SS, DS, all, a, pl, colCllf, birb, 
lleHy .uls, P, ·, Ole, llelt 

2!. l'llasplllte UlllfiCblriaq F, Is, P, l]P04, I~, 1~4, ~. SS, 

22. st. electric ~ plats 
Ct, DS, II] 
Ill), SS, DS, CD>, a, pl, surf, coloar, 
Ole, pblll, tllrb, llNty lttlls, VS, P, I, 
llelt 

23. Fmo11lloy llilllfiCblriaq 
~ 1 - ope11 electric fllr'DIC'5 

SS, CT, er'•, a, ID, O, pbeD, P04 vi tll lllt air pollution coatzol 
~ II - cotmd electric furuces 

SS, Ct, er'+, II, 0, pbeD, P04 vi tll lllt air pollution coatzol 
~ C - Slil) proassinq SS, Ct, ID, 0 
~ D - llOllCOllUCt coolinq llNt, SS, er, er'+, (), P04 

24. Lutller tanninq ud finisllilllj 11111, all, 115, Ubliaity, bard, colour, 
llaCl, 91], s, aines, er, lazCOl, °" 

25. Class and asl>estos aamitacturinq 
Class 1113, pl, ;:olour, bat, beat, pben, Id>, 

ax>, DS, SS, OlC 
Asbestos SS, IQ), pB, 

26. lubber processinq 8Jll, ax>, I, surf, colour, Cl, S, OlC, 
pben, er 

27. Tilber products IQ), <DO, SS, !IS, colour, TOC 

~: R.S. A!ad, ed., Industrial i!astwater !lanagelent !l4ndbook (Jlell vork, lld:rav 
Bill, 1976). pp. 1·12. 
~: Definition of par-ters: 

I. alk Alkalinity 20. bard lardness 
2. As Arsenic 21. kl lydzocllloric acid 
). bac Bacteria 22. beat Tbenal 
4. 11111 8ioloqical OYyqen Deund 23. 

"" 
Rinqanese 

~. Cd Cadai111 24. I litroqen (orqanic or Kjelllalll) 
6. (D) <lieait<ll Ozyqen Deund 25. laCl SOdi111 cbloridt 
7. Cl Clllorine 26. laz".03 SOdi111 C<lrbonate 
I. coli Total colifora 27. 183 1-ia 
9. colour COiour (APIA) .ind/or dyes 21. Ii licktl 

10. a Ci'illidt 29. ml litrate 
11. er Olroai111 (total) 30. 0 Oil 
12. cf>• Cllroti111 bnavalent ll. p Pllolpbate 
ll. Ct Copper )2. pben Pllenols 
14. ~ Disr.ohed solidi )). pl Acidity 
15. r Y!uoridt )4. s Mpbidt 
16. c Grew 36. Mt.s Settleable solidi 
17. lz.\>l Mpborous acid 36. M ~solidi 
11. lz9>4 Mpburic acid )7. surf ~ac:Unts 

19. 13"04 fllolpboric acid ll. turb Tllrbidity 

I/ Inorqanic cbelica!J lllmlfacturinq Alateqories. 

I. U111ini111 cllloride 6. Chlorine, IOdi111, bydroJidt, poU11i111, llydrolide 
2. lllllini111 sulpllate 7. lydrocbloric acid 
). caki111 carbide •• lydrofluoric acid 
4. ca1ci111 cbloride 9. t;droqen peroride 
s. calci111 oridt 10. lltric acid 

16] 



~ $tm50[ lpollirtMts to air ad Nm) 

lletll aillllS 
(')ll aillllS 
cndt petnl- ud 11turd ~ 
b...W lines 
l'lllp .i piptf 1ills 
ll:OI .. steel Ii l ls 
Sltlti19 illl! miainq 
Mnl- miai19 
llllllliCtllrtrs ot iastriil cbsials 
llectric pMl' (tllenil 11111 llldur) 

ldi• stnsso[ (pollvtats to air) 

Qmties Md sud pits 
llbry prodllcts 
SMills, pl•illJ iDd slUJll)le lills 
'-'r .. plJ'IQOd lills 
Ira fa.dries 
lalfltblms of liscel1- tlectricd 
prodllcts 
Clay prodllcts lilllf acturus 
C..t -.fiCbllers 
c-nte prokts llllllfKtllRrt 
Cl- Md qlm products lilllf iCtllres 
&:lnsiwes .-fxblrm 
Liat .-fiCti;nrs 

1)1111 III.SI latgtrjM II! stmw type If.. 

--~-------------

Steel pipe IDd tllP. lills 
Iran falllllries 
llwili• rolliaq, c:.tinq illl rrtndi.19 
OJppa' .i c:opptr illoy rollinq, asti19 IDd 
utrudiaq 

lelil rollinq, ~i19 .i ertndinq, a.e.s. 
lltlil fnbriatiaq 
Clay proUts a..tiCtlnrs 
c-nt .-fll:tanr5 
1Ndy-tli1 COICRte -.flttanrs 
Li• lllllficturers 

lilllfiCtllrtrs of lalriatinq oils .i qrM5e5 

lisetll- petml- .. CDil prodllcts 
lllllfiCtllre of Ii.led fert.ilims 
lilllfiCtllrers of syltlletic purucs Md resi11S 
llilllfiCtllrers of imar-tiats lllll l!dicilfS 
Plint ad tulisll 
SOlp ad c:leeinq ~ 
lisal1- cllmials 

La!! stnsso[ (pollutillts to air) 

LoCJqiag 
food Md bmrilj! iastries 
7cbicDI prodllcts 

IN!y-tli1 OOICfttt ll:lllflttanrs 
llmllflctllras of. lalr1cati19 oils ..i qrYSts 

lilllflctllras of smr--tials llld 
l!dic:ilfS 

PUa Md nrlisb 
SOlpildc:l.-iaq~ 
lmfittlnlS ot toilet pnpirltiOl5 
lisetll I • cllmials 
lisal1- ..toctlriaq 

"' stmsar (poll.um to Ater) 

IDry prodllcts 
lisall- food iacmtries 
Tobia:lo prodllcts 
lllllbtr footw.r 
liscell- rubber prodllc:ts 
Pl•tic: hllric:atinq, n.e.s. 
SllOe factories 
latll!r qlo~ fiCtories 
t.uqqaqe, baadbll) and SRll lea~ qoods 
Kai tti119 1ills 
Clotbi119 i.Uies 
ilood i.-stries 
F'llrlliture ml firtures 
Plpt! bo1 ud b11J lilllf acturers 
!iscellaneous paper comerters 

lisall- llOll1ttillic: lileril pro&icts 
lisal1- petrol• .. CDil pr*"5 
lllllfiCtlnrs of li.1ed fertilizers 
lllllficturers of pliStics ud syatllttic: resins 

lllbbtl: 11111 pliStics prodllcts 
latller i.mtries 
Ttrtile iastries 
111.ittinq lills 
Clotllinq iastries 

Printinq, pil>lisbinq illll Allied prodllcts 
llaclliaery 
Tnnsport ~i-nt 
Electric:ai prodllcts 
stcae prixb:ts 
Concrete procNcts Wjw stmsot fpollutats to 11am) 

Loq!Jinq 
Qllirries ud UDd pits 
lllt .. [IOllltry prodllcts 
Pnit Md teqebble proceainq 
Dairy 
flour illd llmtf•t cuul prodllcts 
reed iastry 
Btm• iacmtry 
Tyn ud tube .Uacturers 
latller tuneries 
Tertile iUistries 
Aspllilt roofinq aa111flc:turers 

Pollutant Clliracteristics 

Pho! <!Wiiie.ii Cclourless, g.iseo11> 
oxid. nts (Ox) calpO\l'.dS llhidl <:.-i 

cmpr ise l*!Oto-
ch!llial sog; for 
tllillplt, oione (C>Jl 
peroxpcelyl nitrate 
( PAii), aldehydes, and 
other aJlllOlllds 

Nitrooien dioxide A bro111i~rad gas 
(fl'.l.i) with a p1119ent odour, 

often fomd frca 
oxiddlion of nitric 
oxide (I'll 
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tload iidistries 
Fllrlliture ud filtllres 
Aspbilt roofinq aaflCbanrs 
Piper bol 1111 bllJ ililllfactarers 
lisetll- Pill'f COllftrt.ers 
Printinq, pil>liminq ..S illied prodllcts 
steel pipe llld ta lills 

Class ud qlm prodllcts 
lbrasile lllllllfacturers 
L"""'H- DOa"lttillic linen! p~ 
P..anufactllrers of toilet pnparatiOlllo 
liscell- lllllllfactl:rinq 

Alwinia rollinq, asti19 llld ertrudi119 
OJppa' iDd c:opptr illoy Allinq, c:iStilq illd 
ertndinq :i!!!m: statistics CWda, Iman ActjyjtLJll4__ 

tbt El!vj[O!M!!t (otbllil, 1916). llrW. flbriatinq 
llaclliDerJ 
Trusportitioa eqllipltllt 
lltctricil pr*ts 

If Includinq primy iastries ( eicludi119 
1qriculturt), llllllfacturinq iimstries and tbt 
electric: pMl' 9tDtl11tioa idlstry. 

table 111.59. llllor ajr l!Oilul41ts ii 

Principal sairCllll Principil et f ects 

Atmspheric reactia1s Hei;lth: Aqjravatia1 of 
of chellical precura>rs respiratory and cardio-
111der the inf11211ce of v~uwr illnesses, ir:ri-
sllllight talion of eyes and respira-

t«'J tract, i•irmnt of 
cardiq>illDlary f111ction 
other: Deterioration of 
nllber, textiles, and 
p1inls: i.imnt of vlsl-
billty, l•f Injury, r9dllClld 
growth, 11111 plMllUA fruit 
and l•f drop in plants 

llOtor wnicle exha111ts, Hellth: A1J9ravalla1 of 
hi'11·l111peralure sta· r•piratory and cardio-
\iai.ry aaustion, vascular illnllStS and 
~lJDspteric reacli011s chronic nepllrilis 

Other: Fidinq of paints and 
dytS, i.i111111l Of V ;.;ibi-
lity, rad11:ed qrowrh and 
p~lurt !elf dlq) 

Coatrols 

Reduced •issiCJIS of 
n i troqai oxides, hJdro-
cartJons, J>O'Sibly sulpl'Alr 
oxides 

Catalytic <Dnlrol of auto-
ICbilt txllluSl gases, 
1Cdificatia1 of aut.>l>il• 
1119ir.es to reda a.1115-
tlm t111peratin, scl'1lb-
birq flut 91sas with 
ca15 li c s!D ta not or YrM 

lational illbint st.llldalds 
(1iaog~ per N>ic 
•treJl!I" 

Primry: I lllur-16a 
Alert: I hoir200 

Priary: AnnUIMDO 
Alert : 24 l1oup 282 

11 trnr> 1 no 



PolluWlt Cllirlcteristics Principil effects 

Hyditl':.uboas [IC) Ol'CJillic CtlJ!IO~ in 
qaseou; or pa."tiCI!'" 
late folll; for 
eJilllll!e. aetlllne, 
ethylaie, and 
a<J!tJ~ 

lnmiplete milustioo 
Of !11!ls and Other 

caillOll-coa ta in inq -
stances, 511:11 as ill 
.:>tor vehicle ei

ha11>ts; processinq, 
distriwtion and use 
ofpetrolem~ 
sudl as gas:>lilll! and 
oripnic solvents; 
natural evmts Sll:h as 
forest fim and pwt 
meta!Jolisa; •tlesplwic 
reactiCllS 

iietlth: s~..i Wlitr~ 
tion to ~r 
ot!E: lliljor pnc1P)rS in 
pllltodll!aicil Olidants 
tllto~ at'!lospbtric 
nllCtioas 

row s1Epellled 
particlllates 
(t'SP) 

s" lli!ur dioxide 
lSO-,l 

Carton llllClOxic!e 
(CO) 

lny solid or liquid llatural Milts sucll as 
particles disp!rsal forest fires, wind 
in the atmsp!Ere, erosioo, volctnic q-
s:di as d11>t, poll.ea. tiCJIS; statioaary cw
asll, S>Ot, metals, bustioo, •specially of 
o1DI vanolli cheaictls; solid f111:ls; mtStruc-
till! particles are tim activities; illlus-
cften classified trial processes; atlllS-
aa:ordinq to s::t as plleric C:-.fllical re
settleable ;iarticies: actions 
larq~r than 5-0 
cicrons; ael"OSlls: 
smller than 50 
11icrons; .llld fine 
partiailat.es: S11aller 
t!lan 3 aiaons 

llellth: Dinctly toxic ef
fects or illJl!lilVatioo of 
of the effects of CJiSl!OUS 
pollutants; iCJ!lriNti111 of 
astllli or other respint~ry 
or caidiorespiratory spp
tals; inmased ~h and 
chest disatort; 
increased lllrtality 
Other: Soilinq and dete
ri~ration of wildinq 
materials and other 
S\rlao!S, illpai[91!1t Of 
visibility, t.il>lll fo11111-
tioa, interference •ith 
plant pllltosynthesis 

A colourless gas with C<G>ustion of sulplllr- Health: AIJjravation of res
a p111qent odoll'; 9li Cllllt.lioinq fossil fll!ls, piratory dise.&S, includ-
can oxidize to fo111 Sllleltilll) or sulphur- illl) ast!E, chronic broa-
sulphll' trioxide (S03) bearing Etal ores, chitis, alll •r--i; 
whidi foms sulfhll'ic industrial processes, ralllC"ll lmg f111ctioa; 
acid with 1ater natural evmts s1ICh as irritation of eyes and rt.'1-

A c~loorless, odoll'
less gas with 
a strmq ai.ical 
affi~ity for 
i-iqlobin in 
blood 

volcanic ~tioos piratory tract; iocreased 
IOrtality 

Inamplete cadlus
tion offuels an! 
other rarbal
Clllltainir.q s~oes. 
sudl as in .:>tor 
vehicle txhlllSts; 
natural events 
sudl as fomt fires 
or de<XllpoSi tim of 
orqanic 11tter 

otller: Corrosion of lltals; 
deterioratioo of electriCll 
amtacts, p.;per, textiles, 
l111ther, finishes and 
ooetinqs, and building stone; 
fcnation of acid rain; 
1111! inJ ury am reducal 
q!Ollth in plants 

llellth: 'llduced tolerance 
for eiercise, ilpai[91!1t 
of foetal developimt, 
aqgravatiai of cazllio
vascular diseases 
Other : Unllnolln 

C111trols 

aui.-uc e=;!!!! :D!i!i
cttiOIS (proper tlllinq, 
cnntca •tilition, 
ublust CJiS recimilitioo, 
red!siCJI of CDlll&stioa 
cbilllerJ; CJllU'Ol of 
autmobile ubillst 9iSl5 
[ aWytic or llleial 
deviCl!S); ~rcMll desiqn, 
opmtilll md •iateliDte 
of sUtiCllirf f~ 
(llSI of filllJ disperslll 
fuels, proper llilillJ •itb 
•ir, bi4fl cmbusti111 tmp
entin); Uiprond t'Oltrol 
proa!dlns ii irocessin9 ill! 
bandlil!J petrolelll CDpllllds 

Cle111ialj of tile flm CJolSe5 
1ith iaerti.il sepmtors, 
fillric filteis, sc:Nlllers, 
or other e.lectrost.tic 
precipitatcrs; alternative 
- for S>lid lllSte nduc
ti111; ilprwed CllllU'Ol 
prcced~ for amstnx:tion 
iDd iiWstrial prooesses 

use of 1o1r-su1imur fll!ls; 
n91Val of sulphur frm 
fuels before IJSI!; s:Nilinq 
of flm qases Iii th lia or 
catalytic mnversiai 

lutcaobile eaqine llld1fica
ti111S (prcier bllilll), 
exhlust qas recirculation, 
redesi91 of ocaustion 
chmber); Ollltn>l of autD
IObile exllluit CJiSll ( cata-
1 ytic er U.rllll der4 lcs); 
~ed deslqn, 01J9ration 
•ad lillntllllnce of station
ary fumacs (IA of finely 
dl•rald fuels, ptoptr 
1ilinq with air, hiqh 
comustion telperature) 

Primry: 

Secalduy: 

llert: 

1111181=75 
24 lwr-260 
lnDIBl=liO 
24 lllur-i50 
24 lllur-3/!i 

PrilBry: Almual=80 
24 hor-365 

Alert: 24 l:llr-800 

frimry: 

Alert: 

8-lmllPlO 000 
l-hour40 000 
8-ll>ur•17 ooo 

~= Co111cil on Ellvirawntal Quality, F.nyjIQlll!ltal Qiall.U (llash.inqton, D.C., Golerment Printing Office, 1975), pp. 301-303. 
ii f.lllutants tor which natialil allble11t dr quality standards have been eslal>llslied. 
~I Pri111ary standards are intended to protect aqa111st adverse effects on lnllan llWth. Sea:indar/ sundar:!s are Intended to protect aq.inst adverse effects 

oo mterials, vegetation and other l!lvirnnmental values. 
'' The federal episode criteria specify that •teoroloqlcal a>llditlons are socll tllit pollutant a110111tratlons 11y be expected to l'llilin at tlHt ltvtls 

for 12 or o:in blurs to incre.is.; in tile i:ase of oxidants, Ille sit111tlon Is likely to !'90CCll' within the next 24 lloll'S 1111 .. control actions art taken. 
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flDl.t m .11. lltlaH.• ti[ al ... lillim ~ .u .. 
i111!1 .,..,. ii t1!t !l&tld sum lnt:I• 

(lillims ti t-. •D!lt !Mii ia Ulcimnlls ti !mRS) 

'9K - pol.latADt c:;=~- !!![ 131.f. g[ tl!!iil 
Tmsaort linllM·Tt~ htl~ ladlatr~l 

row rot.l bl To~l Electric !ld&strUl Sal id -· !Mstiaail 
... ides 111.ilities prmaes ~ a111U0ll· 

Ible 

1910 
Qrbia~dt '8.7 Tl.I 62.7 u a.2 9.G 6.4 7.2 n.1 4-5 9.1 
SldplR oxidts 21.4 G.6 D.l 21.l 15.I 6.4 D.l 2.1 TB 22.5 
W.!ilt cqmc :!7 .5 12.4 l?.I I.I 1.9 I.I l.l 45.l 4.D 32.4 

~ 
t1rticmtes 11.5 l.:? 1.9 4.6 2.l 111.5 I.I l.l 6.5 24.9 56.1 
lilmJ!I caidts 18.l 7.6 6.0 9.1 4.4 O.! u u 42.D 50.3 3.9 
11111 2Dl.I W.6 156.0 9.6 D.3 23.9 '-7 le.] 4.7 11.1 

!WI 
Qrbia-id! 76.1 5l.6 45.l 1.J .] 6.l 2.2 7.6 69.1 9.6 i.] 
~Glides 23.9 1.9 Q.4 19.3 !6.l l.I l.I IO.I 15.9 
~tiltcqmc 23.C 1.Z 6.9 2.2 9.Z D.6 2.9 JS.1 u 0.4 

~ 
hrtiO!Utes S.5 l.l 1.1 Z.4 .8 J.3 u 1.1 15.l 21.2 JI.I 
li~Glidls 20.l 9.2 7.2 10.1 6.4 0.7 D.l G.2 45.3 49.1 3.4 
11111 70.6 59.4 56.4 l.9 D.1 l.6 l.7 14.l 5.5 5.1 

l• 
Qrbiamidt 60.CJ CZ.6 35.4 7.2 l.l 4.S l.7 5.1 70.1 II.I 7.4 
Slrlplnr lllidts 21.2 0.9 0.5 11.2 14.l l.l 4.2 11.l 14.6 
fOUtilt cqmc 19.5 6.5 5.l 2.3 7.9 1.6 2.2 Jl.l II.I 41.5 
~ 

Pirticmtes 6.1 1.4 l.I I.I 0.4 2.5 l.l a.a 211.6 26.5 )6.1 
lilmJ!I midis 19.l 1.5 6.6 10.0 6.6 .6 1.1 1.1 44.0 51.1 l.I 
11111 1.6 l.5 J.3 5.0 0.1 1.9 2.7 40.1 5.1 22.1 

~: llnlu or !be ca-. Stttistjcal !bsta-ts o[ tl!t !l!jtcd Sbtcs 197 ~. D.C., r..r.at Priatillj om~. 1919), p.2DG. 
ii Stitioury. 

rit11 m ii !!ti911bd dim:t aiai111 l.'!llffi,iD 2f lit 1111ll11ti111 
llttllftl.ai l!!l ... lmtry Process Ollllllrtioa Tritlsport Totil 

(llDits of air pollll!.ioal 

JO. Electric utilitisl/ ' ll 40 
llll l.tatry Process ColbustiOI Tl'mport Toti! 31. lllrqlrm, oil, 

otller fooll5 17 16 l6 
32. lott!s, ~Ill; 

l. rtrtilizen 2'46 179 34 2 159 aadllin 0 21 lJ l6 
2. otlllr dlftical ll. COltec:tioaery 

lllsit pr*ts sn m 6 m p.-.U 21 10 )I 
l. lllildilllJ •ltrials ll5 76 67 S71 14. LiffStoct 
•. OUiu tr~ 1intasivtl 0 I 25 ll 

-.iip..at SlO 10 6 S46 35. Social senices 0 ll 20 ll 
s. otller MniCIS 477 7 10 191 36. LNtlltt. slloes 0 12 II 2' 
6. Primy .Uls 116 151 342 J7. Electrical~ II I ' 21 
7. flbriattd .UI ll. lllittinq 0 II II 26 

pr•'"t.S 120 I ]36 19. Spi1111inq ~ ll 12 26 
I. Otller aqri.:ul tQR 1 247 16 262 ~- lllllt inq. i llSUrlllCt 0 II IS 26 .. lldlilltry m 6 I 117 11. lleter"115 0 II II 2S 

10. Miiier llld sptlletic 12. lledie1l Mnias 0 12 II 2) 
dnical prodllcts m JS • 175 4l. IMtry pr*ts 6 10 21 

II. liillteula llld II. Paper prokts 0 10 10 20 
npair I~ 17 171 4S. Oalb1n, recrut1oa 0 IS ' 21 

12. AlltOIDllilt •6. Clotllinq ' 10 19 
lllllf ICtart I~ ' 2 [6) '7. illttr 0 19 0 19 

11. Piper 100 S6 s 161 II. Li•estoc:t lt1U.ivel 0 l II 17 
II. Sa Mil air 19. bines1 stnias 0 10 17 

tr-,ort ll7 I 12 150 50. INt prodlacts 0 I ll 
IS. Coll •i•illlJ 72 6S 0 ll7 SI. Pttrolu 1114 
16. c-tnctioa 90 12 126 11tur1l Cll' 11 
17. floor antrilllJI, 52. Otbtr trmpor t 2 IS 

otlltr tntll• " 20 • 107 Sl. C-ia!ioaa 0 II u. llltli! trldt 46 n JS .. S4. ToMcto 0 1r. 
19. llu•i1111 62 26 s 92 SS. l'ttrOIMllldCIOll 
20. Priatinq .. pr.w:tsl/ 0 s I 

potlilllinq 64 12 14 90 56. Gii 0 0 I 
21. Otlllr 1i1inq 0 n 12 .. 57. lul •Ult 0 0 0 
22. aBial riut ~. fialli1111 0 0 0 

pr*U '4 12 I IS 5'. Otlltr 0 0 0 
2J. ... 0 SS 11 Ii 
21. i..tr .. wod 

pr*ta 26 17 2J 66 ~: U. J-, l.U. J- llld J.I. ap.dloor, ra.i,tmrwt.. I 

25. 11o1 .. 11 trldt IJ ) II 61 I.II flliir-t.1 f[Qlll•• fKllll• 11111 llllllta al Dti,ial wloil 
26. ot7llr -Ctcturi1111 0 50 I S4 !Allttrdll, Elwier Scit11tific Mlill!inq Co., 19711. pp. 140-111. 
r.. crail 1ill pr~ 10 16 19 16 II Pollutiot1 u to ~tioa ia t1111 NCtor ~ bettl ilplf.,, directly to, 
21. Dliry pr*U 0 20 21 41 llM!I ot ~ o! tlli1 NCtlW, in ordtr to arrht •t calculated r•lts 
2'. C-i1111. prllfl'1inq 0 II 29 IO eo111i1tt11t vitll Ult lllldtrlyi1111 pllylial rlaw. I 
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tnll m-"· ai11 ~ti.ml u ta 11( &llhstriill !El in alerud al.tin IB!t:IS! 
(tollls) 

:Oll!try Year llaste oil V.Ste Piia! Coiaa- ~!41 ~!iinim PCls liotidls 
:901-t trated filishilllJ silwr mary 

Kids mte or tiac 

Austria l'll!l 650 00(1)/ 1 000 HOO I 26li .JM! I 394 000 ZIO 163 I 900 l'J 
1ustral1~/. l'llB JO 100 2 000 4 350 49 000 12 ]()ff;/ 7YJJ/ 

200 ~if 
'$11 l !illO 

c~ l'lll5 llil 000 :!62 000 l'2 700 
2i0 oOOiJ 

186 zoo a oooil 4 500 
finLl:ld 19112 so oooli II 000 15 200 6 000 500 

Wiii.11 
89 l 600 

Fri!n l'lll2 .?SO 000 250 000 'll 000 2 aod!I 
oAmDJ, 
Fedonl 
llepdllic of l'lll4 719 611 1os m 2fi8 065 l 493 2'l6 222 206 65 'lll9 5 41, 
Irei.ad l'lllJ 25 000 13500 ll 000 l liOO 

~~ 
l'lll5 2 Ile oooQ/ 

4 2l7 -191!5 460 l2fi lOl 64 l lOO I 100 121 
llev Ze.t Llad I'llll 900 50 10 1 000 900 aooI1 JO 
llormy l'l87 55 000 14 000 6 000 4000 17 000 3000 l~ llG 
Sweden l'lllO 180 000 ll 000 zu 000 72 91111 112 llOO 3600 450 lO 600 
United SUtes 1985 4 'llO Ol':Olli 1 ooo oao!l 6JI eoo!1 2 m 140 1 800 OOQ!!. !/ 112 a11Ii 21 oooV 12 000 

~: ~isatiJO for Eamlic Co-cpmtim 4111 Delelqml!!lt, 8rti!!!!Bl!4l Datt 1'12 !Paris, 1989]. 
ti IlldlllillCJ refinery llaStes =ttinimg lineru oils. 
ti l'llll, state of Queeasl.aad mly, data qiven in tiloli tm. 
<;} let.al fici.slul'1 etes plus neutnl alts. 
~ 011-bised illk.s. 
tJ. 250 tilo- li tn5 beinq phisld out. 
LJ a itiaillous flllllsi.CllS. 
ii Orqiltic daiCllls. 
bi !'Ill!. 
if lliill y frai pulp lills. 
iJ IacllllilllJ 6,500 tames of biqh lntl ltBs CIS?tllllf ia stonqe in CDAla and -itiaq disposil. 
~ 19115. 
11 l'llll. 
Ii CCll!4iailq m:>re lllall 1 per Cl!lll of ltmlrf. 
RI 1918 estiate. 
2} lncl111es :91llY81l 18Ste. 
QI !acl111es di lute acids. 
gJ IAilllts treats!. 
[/ Estillited tot.>l of PCB-conUlliaated lliSte to be disposed ia ~nest 10-15 years. 
~ Ol'ljallisation for F.ooaasic Co-q1eratioo and DMloi-nt secretariat estillites. 
!I l'lll4. 
VI l'l82. 
'!I l'llll. 
!I kU~us wastes 1J1l y. 
!/ llastes oriqmating froa llNl plating only. 
Ii 1917. 
11 P'.l-ex11taainated electric fluids. 
lll!ll: PCB • polydllorinated bipllmfL 

T@ic !11,63, Soyrgs Ill!! types o( jadustrjll YMta 

lliste q1111nti11q proCftMS £Jpectal specific 111Stes 

PlUlbillq, 11Nti11q, 1ir llmhc:turilllJ llld ialull· scnp lltll fro1 pipillq ud 
OllllllitioUi, specw ltioa ill i.-, llrlildi195, St llldl; nlilllr, Piplf, tr• coatric:lorS llld flc:lori11 llld ilAlltillj llteri•ls, 

lisolll- CDStructioa 
.i ..,litioa debris 

Ordlmcl llld -i• llllllfictllrillq ud .-1i11q lleUls, pi.tic, nllbu, 
piper, llUOd, clotll, 11111 
cllmiw nsiclllll 

rood at ki.tnd F*U Proc.ai11q, pid:lliiaq, llld lllltl, fib, oils, boles, 
lllippinq offil T,..t.lblll, lut& llld 

lllllls, 1111 omlls 
TtJtilt aill prodllcts lllrfimg, prcasaimq, dyti11q, Clotll 1111 f I.In nsiMs 

11111 lbippinq 
~l 11111 otlllr Oattiaq, •inq, sili1q 1111 c:lotll 1111 fi.llnl, .Ull, 
f i •islltd prodllcts pnllllq pliltiCI .. rliMltt 
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IV. A survey of selected manufactming indll\1ries 

Five relatively comprehensi\·c industry surveys and 
eight less comprehensive reviews fol:uscd on selected 
industries and industric.. branches are presented in this 
chapter. Included among the five comprehensive 
surveys arc three basic industries, namely the chemical 
industry (ISIC 351 and 352). shipbuilding (ISIC 3841) 
and textile machinery (ISIC 382401-IO). These arc 
long-standing industries that must now face rapid 
technological change and intense international com
petition. The other two comprehensive s1>rvcys deal 
with the mineral processing of copper (ISIC 3720041) 
and of ?hosphatc (ISIC 3512), which are of strategic 
importance to trade expansion plans for exporting 
developing countries. 

The eight relatively brief review articles r.over 
consumer and industrial tissue paper (ISIC 3419), 
engineering plastics l ISIC 3560), forgings (ISIC 371007), 
ironmaking (ISIC 371010), leathcrmaking and shoe
making machinery (ISIC 3824). paper and board 
for corrugated boxes or cascmalc.ing materials (ISIC 
341131-34l 137), petroleum refining (ISIC 3530) and 
soft drinks (ISIC 3134). 

In the comyrehcnsivc surveys, detailed statistical 
information is provided on each industry to illustrate 
current supply and demand conditions, trade patterns, 
profits and losses, production costs, capacity utiliza
tion and, where possible, employment at both country 
and company levels. The features of restructuring are 
examined using measures of overcapacity, of shortages, 
of changes in output composition. of foreign direct 
investment and of the role of Government. Manu
facturing capacity in developing countries is given 
special emphasis; of particular importance arc the 
build-up of productive capacity, project investment 
plans, profit potential and 1ech11ological trends, as 
they affect the competitive position of those countries. 
Finally, the short- and medium-term outlook for 
demand. prices, cmploymer.t, trade and investment is 
presented, within the conh.:xt of an evolving world 
industrial structure and a changing international 
division of labour. 

The eight review articles are more specific in their 
focus. The forgings review deals with an industry 
highly dependent on another industry, the automotive 
industry, and on competition with other materials, as 
automotive technology shifts. The review of the paper 
and hoard industry for corrugated boxes or cascmaking 
again duh wit~ an industry whose sales depend on 
the functioning oi other industries thl\t need packaging. 
It .lso shows how quickly technological changes are 
sweeping a 1radi1lonal indus1ry. The review of iron
making illustrates the problems of heavy investment 

required at the primary stage of an industry, even 
though scmc uncertainty exists concerning the future 
demand for steel at the final stage. The review of 
lcathcrmalting and shoemaking machinery provides 
insights into the evolution of a traditional industry 
that suddenly has become tcchr.ologically intcnsi\·c, 
inch:ding the use of computer-aided design (CAD) and 
of computer-integrated manufacture (CIM). The review 
of consumer and industrial tissue paper addresses the 
problem of an industry approaching market saturation 
in developed countries and seeking a solution thro•Jgh 
foreign investment and markets in developing coun
tries. The soft drinks review also analyses an industry 
whose future sales depend on expansion in developing 
countries. The review of petroleum refining illustrates 
how rising demand together with restructuring in the 
early 1980s has led to new profit and investment 
potential. The review of engineering plastics delves 
into the only high-technology industry in this group 
and confirms the importance of specia!iz:uion in 
product lines. 

The surveys and revie1o1r'S vary in scope and depth 
according to the availability of data, which arc still 
obtainable in only scant quantities for certain indus
tries, particularly those in the South. Despite. the lack 
of uniformity in data provision, certain common 
threads can be discerned running through many of the 
individual industry surveys. These arc summarized in 
the following IO points: 

(a) Growth has remained strong in nearly all 
industries despite possibilities of a slow-down in the 
latter part of 1990. In some of the resource-based 
industries, notably copper. phosphate and petroleum 
refining, capacity has been actively utilized and stocks 
have become low. Because the copper industry has 
just gone through a period of retrenchment, price 
levels arc not yet sufficiently high to cncnurage 
capacity expansion. In the case of phosphate~. Jemand 
increases have nudged prices upwards, with capacity 
additions anticipated for developing countries. The 
high capacity utilization in petroleum refining together 
with strong prices also suggests that new capacity is 
being planned; 

(b) A growing trend towards lcr.s government 
involvement and more deregulation and privatization 
is discernible. In the ironmaking, forgings, steel and 
engineering plastics ind~strics, the privati1.a1ion of 
government-owned companies is occurring increasingly 
in both the North and the South. However. the 
converse is true in the phosphate-processing and 
chemicals industries, where government involvement 
has increased; 
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fr) In international trade. the United States and 
East Asia arc l'f growing importance as export markets 
for othe:- countries. thl" former because of more 
farnurablc production costs in developing -=xporting 
countries and exchange rate considerations. and the 
lat~er because demand has far outstripped the capacity 
of local suppliers. The Eastern European countries 
e\·entually arc likely to prm·ide markets for products 
with !tigher technolog~· inputs. Copper. engineering 
plastics and refined petroleum products are products 
whose trade patterns ha\·e shifted: 

(d) The shipbuilding industry. which experiences 
long upward swings in new shipbuilding and comple
tion in contrast to downward 3wings resulting from 
the a\:cumulation of idle capacity. has entered a rising 
phase of world book orders and new shipbuildings. 
Industry changes also suggest the moving of ship
building sites to low-cost developing countries: 

(~) The rapid adoption of new technologies appears 
to be a necessity for the sun•inl and expansion of 
many traditional industries. For example. CAD and 
CIM are essential to the modernization of leather
making and shoemaking machinery. Some or these 
technologies have also pra1;ed important in the case
making. textile machinery and forging industries: 

if) Almost without exception. industric:; in devel
oped market economics underwent extensive restruc
tunng during the first half of the 1980s. slimming 
down their productive capacity and employment in 
response to substantial overcapacity and prospects for 
weahr demand. The restructuring of these industries 
world-wi<!e has been carried out not only through the 
closure of obsolete plants. upgrading capacity. trim
ming the work-force. increased research and devel
opment expenditures and a shift in production toward 
higher-\·alue-added output. but also through mergers. 
take-over bids and acquisitions. The copper-processing 
industry. which is now experiencing greater sales and 
profits. provides a good example of the benefits 
gained by industries that engaged in such restructuring. 
Examples of other such industries include engineering 
plastics. forgings and petroleum refining: 

(fO Among the industries sun·eyed. shipbuilding. 
petroleum refining and copper processing showed a 
marked improvement in capacity utilization. Con
versely. the chemical. ironmaking. engineering plastics. 
tissue paper and casemaking materials industries 
continued to ha\·e problems of overcapacity: 

(h) Not surprisingly. many global industrieo; are 
dominated by United States. Japanese and Western 
Euwpean transnational corporations that are 
increasingly moving towards global market ir.tegra
tion and concentration. particularly in technology
and research-and-development-intensive industries such 
as chemical'> and engineering pla-;tics. The location of 
such industries in many cases will continue to persist 
because of their needs for advanced technology and 
because their locations arc contiguous to their rcspectiH 
end-using industries: 

(IJ ;:nvironmcntal concerns are more and more 
influencing the technology and the lo-::ation of highly 
polluting indu,trie<;. For example. imcstincnt plans 
for the chemical. plastics. lcathcrmaking, ironmakintt. 
forgings and petroleum refining indu,tries arc in-
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creasingly becoming hampered by more stringent 
environmental laws a11d hence higher costs of pollu
tion abatement. There i~ thus likely to be a redeploy
ment of these and other industries tu locations in the 
South where pollution ~ontrols ma~ be less stringent. 
In some cases. such as the chemical industry. the 
production of lower-technology chemicals would also 
be more suited to production in the South: 

(jJ Increased demand for manufacturing output in 
de\·clopmg countries has caused a rcnewt"d shift in 
manufacturing capacity to these countries. Some 
examples of the industries i:trnh·ed arc forgings. tissue 
paper. casemaking materials. chemicals and phos
phatic fertilizers. In the case of engineering plastics the 
shift has been slower. but some attraction also exists 
in the availability of raw material feedstocks. An 
increase in the demand for such manufacturrd pro
ducts is also expected in Eastern Europe. 

A. Chemical industry (ISIC 351 and 352)* 

I. R~c~111 trr11tls ontl '""~"' co11ditio11s 

The world chemi:;al industry is one of the most 
basic and important manufacturing businesses globally. 
Its total turnover approaches S 1.000 billion. giving it a 
size comparable to that of other large international 
industries such as the automotive. steei. mechanical 
engineering and electronics industries. To add to the 
sheer scale of the industry is the degree to which its 
activities permeate a large number of other industries 
to which it pro\·idcs both products and services. 
Typically. in most countries the chemical industry 
sells roughly half its turnm.-cr to other manufacturing 
operations rather than directly to the consumer. These 
commercial areas include other branches of the 
chcmir.als industry itself as well as impvrtant parts of 
industries such as consumer products. engineering. 
defence. cars. packaging and construction. This inter
dependence with so many other industrial branches 
makes the structure of the industry inherently complex 
and underlines its general importance to economic 
development generally. 

la) Production anti conJumption 

The chemical indvstry has its most important 
components in the de\·eloped world. with Western 
Europe. Japan and !'-forth America accounting for 
roughly 70 per cent of world chemicals production 
and consumption. Among those regions. table IV. I 
shows production increa:;es between 191!6 and 191!'7 to 
be the s1rongeM in Australia. Portugal. Ireland and 
Sweden. Dara f•1r 191!7 arc prmidcd in figure IV.I. 
Capital in\cstmenl in produc1ion facilirics abo shows 
strong growth. Table IV.2 gi\Cs percentage increases 
in invcslmcnts bc!\\ecr. 191!6 and 19117 as high as 
72.X per ccnl in Finland. 

Substanrial opportuniries also exis1 for dc\eloping 
countries to participate in the chl'mical indusrr~. 
panicularly in lower-technology production. In areas 
such as fibres. basic oil-demed chrmicals. hulk 
plastics and fer1ili1ers. sneral dnclopmg coun1riC\ 
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Figure IV.1. Wortd chemical Industry produclion, 1987 

Snurc• Nahonal Cllem1cal Federation 

and areas have in the past 10 years built up substantial 
expertise and production capacity. These countries 
and areas include Brazil, India. Malaysia. Pakistan. 
Philippines. Republic of Korea. Singapore. Taiwan 
Province and Thailand. Other countries that have 
become sizcatlc players in the chcmi,a! industry. 
particularly in petrochemicals. includt: Saudi Arabia. 
the USSR and other countries of Western Asia. 
Recent forecasts to 1995. prepared by Imperial Che
mical Industries (ICI) of the United Kingdom. suggest 
that some 38 per cent likely expansion of the industry 
will take place in the Asia and Pacific region. Thi!; 
area is taken to include much of East Asia (including 
Japan), but does not include Australasia. 

Consumption in the form of chemical industry sales 
for 1987 appears in table IV.3 and figure IV.2. Sales 
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arc shown to be strongest in Western Europe. followed 
by North America and Japan. further details on sales 
in these countries can be found in the turnover figures 
reported in table IV.4. Turnover increases of over 
20 per cent between 19M6 and 1987 occurred in Japan, 
Federal Republic of Germany, Italy, United Kingdom, 
Spain. Netherlands, Switzerland, Sweden, Austria and 
Norway. 
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Figure IV.2. World chemic.i Industry ...... 1987 
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(b) Trade 

Chemical industry trade among developed countries 
has experienced only slight growth between 1986 and 
19117. As shown in table IV.5, export increases have 
been particularly strong for Spain at 33.6 per cent, but 
many of the countries had increases of over 20 per cent. 
Table IV.6 shows that the most substantial increase in 
impom occurred in Australia at 267.2 per cent. 
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(c) Major companies 

The major companies can be found m Western 
Europe. followed by the United States and Japan. 
As shown :n table IV.7. the firn five companies 
dominating the world market are BASF at 11 per 
cent, Hoechst at 10.5 per cent and Bayer at 10 per 
cent. While these companies are located in the Federal 
Republic of Germany, ICI in the United Kingdom at 
9.~ per cent and DuPont in the United States at 
11.8 per cent are almost as large. A fair amount of 
concentration therefore exists in the chemical market 
structure with these five companies accounting for 
39.6 per cent of the totai. However. these figures do 
not include sales for companies in the USSR, Eastern 
Europe or developing co11ntries. 

2. Product difftrtntiation and tnd-u.ft marktt.c 

The chr.micals business is one of thi: most com
plicated of all manufacturing industries. with hundreds 
of different product divisions and a similar number of 
major end-uses. Categori1ing the industry from the 
production side is difficult because it encompasses so 
many different product areas. Al the primary level 
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then~ are a number of product areas im ol\-ing 
processes akin to minerals extraction. for instance 
pwductil•n oi salt ,lr titanium-dioxide reiin!ng. where 
selling prices are 1,)\\ at around se\eral hundrl"d 
dllllars a tonne. At the other extreme is the production 
oi ultra-sophisticated chemicals. far use perhaps as che 
main ingrediencs for pharmaceucical.:> or agrochemicals. 
which re4uire as many as 30 manufacturing steps and 
which ma~ sell for se\eral hundred thousand dollars 
(sometimes millions of dollars) a tonne. In basic 
chemical< .. •·here the selling prices are typically bet,~·ccn 
St>OO .. nd S3.000 a tonne. are found many of the most 
well-used chemical building blocks such as ethylene 
(an oil- nr natural-gas-deri\ed material used in the 
production of most plastics). plastics themseh·es such 
as polyet'.tylene. fibres inteimediates and many other 
kinds of industrial chemicals such as solvents. poly
urethanes and paincs. 

Quancifying the output of specific chemical pro
ducts is difficult because relali\ely lime of che cotal 
production of the industry is sold to a final user in !he 
form of a discrete product. Roughly half of the total 
output of the business is sold to another supplier of 
chemicals or to an integrated division of che originator 
0f che macerial. rather ch.rn 10 a'.l end-user_ There is 
much incer-trading of che wide range of chemicals 
used in Che dozens of reaccions chat may be needed 10 
make a final product. 

This means th:n se\eral large and important pro
duct divisions of the chemical industry exist more or 
less cotally as service manufaccuring operacions for 
01her parts of the same industry. This category 
includes. for instance. many petrochemical product 
areas (including ethylene; that are large industrie~ in 
chemsel\e~ buc whose oucput is used for making ocher 
..d1rnnstream .. chemical producb. As a result. it is 
beuer to look al the scructure of the industry from the 
following two points of view: first. b~ generic product 
type: secondly. in terms of the final products 1ha1 
emerge fcum chemical processing and are sold to 
industrial or consumer users directly. instead of being 
inputs to other chemical processing links. 

The general product approach to structure can be 
obsened in chc fi\e main areas of petrochemicals. 
pla'ilics. bulk inorganic substances. general fine che
micals and pharmaceuticals. 

(a) Petrochemicaf.5 

Petrochemical products have the following chrce 
characteristics: 

(a) They are dc:ri,ed from che oil and natural gas 
which constitutes the most importanl basii.: feedstock 
for chemicals generally: 

(h) They are mostly high-rnlume materials sold at 
chc rate of millions or lens of millions of tonnes a year 
and at relacivcly low prices. t) pically a few hundred 
dollars a tonne: 

(CJ Mos! of the substances are used as building
block chemicals to make other synthecic materials 
racher than as final produces. 

The: total 0111pu1 of pclrochcmical produces world
wide 1s valued at about $ IOO billion per year. The: 
mosl importan1 of che'e produc1s 'hown in table: IV.X 
arc: ethylene:. prop~lcnc:. 'tyrc:nc: and aromatic,. 
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Sales of plastic product-; add up to S 120 billion per 
year: although plastics are ,..;~1.:11mes categorized as 
petrod:..:micals. the former can te considered an 
industry in its own right. World sales of plastics in 
1989 amounted to about 90 million tonnes. As shown 
in table IV.9. 75 per cent of all output can b.: 
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15 100.C 
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accounted for by the four largest-selling plastics. 
namely polyethylene. polyvinyl chloride (PVC). ~lOI~ -
propylene and polystyrc11e. Sales of these plastic' in 
1989 amoun1ed 10 an estimated $90 billion. :\nother 
important component of the plastics industry is 1he 
high-value. speciali1y branch known as engineering 
plaslics. This area includes materials such as pol~ -
carbonate and acrylonitrile butadicne styrene (ABS). 
which have especially 1011gh or heat-resistance pr<'
penies or which ha\'e other unusual characteristics in 
terms of their abili1y to be moulded. Roughly IO million 
tonnes of engineering plastics were made in 1989 
world-wid..:, worlh about $25 billion. ('he rest of the 
saks in the p!astics industry (this remainder being 
worth about $15 billion in 1989) is accounted for hy a 
variety of other materials. mainly thermoset resin' 
such as polyurethanes. Most sales of plastic produch 
take place in :'llorth America and Western Europe. 
followed hy Asia and Oceania. 
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lcl /norf!..illl•· hulk m~ra111i_, 

The third generic area of chemicab is a.:cnunted for 
b~ rnMganic bull. materials. hig~·n>lume -.ub-.tance-. 
n,1t c.,ntaining carb,,n atnm~. These subst=>!lce-. may 
well '''me fwm ~tarting block.; that are otr~r than 
carbon-based f•>ssil-fuel deri\ed chew:cals such a .. •'ii 
and gas. Am.mg the biggeshelling prnduct:' in thi-. 
area of the .:hemical industn are chl,>rine. s.>dium 
hydroxide. s0dium carbonate (caustic svdal. titanmm 
dioxide 2nd hydwgen peroxide. s.,me in.,~ganic (non
carbon-c,rntaining) chemicals ma~ be deri,ed from 
organic (carb,)n-containingl raw material~. In this 
category. one of the most important prnducb is 
ammonia. which is made by reacting hydrogen and 
nitrogen. '.wo g:ises. at a high temperature and 
pressure. The h~drogcn in this reaction is deri\·ed 
from methane. which is part of natural (fossil-fuel) 
gas. About 100 million tonnes of ammonia a year is 
produced. almost all of it in this manner. and most of 
it ends up as a feedstock for nitrogen fertiliLer. 

Another important inorganic product deri\'ed frnm 
an organic original material is sulp:mric acid. which is 
used in fertili1.er proJuction and also in a number ,,f 
processes to make industrial chemicals. Sulphuric acid 
manufacture needs ~ulphur as a starting producl. and 
mos! of this is obtained as a by-product from ,,ii or 
gas refining. In general. inorganic bulk che.nicals are 
used in a variety of applications. either as products in 
their own right (thus chlorine and hydrogen peroxide 
are important bleaching and sanitati•m agents) nr 
more commonly as starting materials for other che
micals. For example. a major use of chlorine is in 
making PVC. a widely used plastic. whose other major 
raw material is ethylene. 

(d) Fine chm1ic11/s 

Fine chemicals represent a group of materials that 
can be either organic or inorganic and w h,,se main 
charactenslic is that they <!re sold in small \olumes 
and at higil prices and require relati\'ely sor,histicated 
manufacturing me1hods. :\n•>ther factor is that ,,ften 
the properties of the chemical itself are hight~ specific: 
in other words. its de\'elopment has been tail•>red 1<1 

d,1 a particular chemical job. That is likely tn ha\e 
happened as a result of a long and expensi\'c research 
programme. undertaken not by the industry gener1'llly. 
but by a particular processing company. Patenting of 
fine chemicals is lhus often highl~ important. :\ppli
catron~ vary enormous!~ and can ir:..:lude 11'e as 
co~rnetic addili\es. water trea1men1 produc1'. dyes. 
sanitation agents. plas1ici1ers. i11n-e\change re-.in' and 
agrnchemical'. (this term is taken to mean crop protcc· 
tion ccmpounth such as pe.,ticide .. and herbicide .. and 
docs nn; include fertl111ers. which arc hulk nr c11m
modit) materials as explained in the discu"ion of 
phosphates in section [) ,,f thi' chapter). There I\ al''' 
a large range of uo;es as intermediate ma1erial-; in 
whi~h the fine chemical form' a 'tarting block for 
annth::r 'ub,t.incc with a recogninhk end-use. Phar
maceutical' constitute another t~pc of fine chemical 
h111 the indu't'~ 1s ,uffic1entl~ loirge tn he con,idered 
independently 

Owrng to the re,can:h-inten,1\e nature of dc:\el
opment anJ "'"' hccau'e companie' making man~ 
'pccific t~pc' ,,f fine chemicals face limited cnmpcll· 
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tion (given the difficult nah1re of the manufacturing 
rou~e and the existence of patent prntection ). prices 
for these types of material~ are often high. Products in 
this categ•>rY often have selling prices in the range •lf 
tens of thousands (sometimes hundreds ,lf thousands) 
of doll.irs a tonne. as opposed to a frw thousand 
dollars a tonne or less. which is the typical selling 
price for mo~t standard petrochemicals. There are 
many hundreds of different fine chemicals. most of 
them used as intermediates (starting materials) for 
other chemical processes. World saks of fine chemicals 
are difficult to estimate. but probably run to about 
$250 billion a year. not counting pharmaceuticals. 
This figure. however. seldom crops up in output 
statistics for the chemical industry. because such a 
large range of fine chemicals are used in production 
processes for other chemicals with more well-defined 
end-uses. 

(e~ Pharmaceuticals 

As explained a~ove. pharmaceuticals in some ways 
can be defined as specific types of fine chemicals; that 
is. the materials responsible for gi\·ing the products a 
specific property in terms of treating a particular 
disease or physical condition. World-wide. pharma
ceuticals add up to an industry with sales of abour 
S 130 billion a yecsr. 75 per cent of which is accounted 
for by sales within the developed countries of Western 
Europe. North America and East Asia. About $JOO 
billion of these sales are from prescription-only drugs; 
that is. pharmaceuticals that can he obtained only on 
the prescription of a doctor. The rest of the sales are 
derived from non-prescription or over-the-counter 
medicines. which are recognized therapeutic agents. 
but which can ~e obtained from retail outlets. mainly 
ph.umacies. The total value of the pharmaceutical 
industry does not include sales of other products that 
can be li:tked to health care; for example. vitamins. 
general tonics. fortifiers etc. The drugs industry can be 
divided up further into hundreds of different product 
classifications depending on the particular ailment 
(such as heart disease. arthritis. cancer and bacteria
borne infections) heing treated. 

(f) End-use markets 

The second way of defining the structure of the 
chemical industry is IO discuss the nature of end
products as opposed ti) g.,;11eric material types. Before 
doing this it is instructive to consider the routes by 
which different types nf petrochemicals interrelate and 
combine with other synthetic materials before reaching 
the end-user. To this end. the many different end-uses 
of chemicals can he charted in term~ of the f:1al 
indus!ry or consumer area in which they are applied. 
The range of applica1ior1s i' immense. far greater than 
for \irrnall~ :my other industry. :\ des..:ription of the 
.1ay chemical\ are used in \irtu~lly every major 
con,umcr and indu,trial field' i~ pro\idcd in table IV. IO 
and figure IV.). :\!though thi' table applic' to 
We,tern Furopc. the proportinn' arc unlikely to he 
much different in other part\ of the \wrld. The break
dmrn of the chemical ind11,1ry accnrding lo the fi\c 
catc,!Zoric' of petrochemical~. plastic'. hulk inorganic,. 
general fine chcmicah and pharmaceutical' give' a 
gcn<"ral idea a~ to the differences between the main 

~~r ~ 1!~: e1u;i:~. ~ws.~~·: .lp!.lt!DO?!S, 
to-.-s, funli:st~Dt:S: :- . c 

S!r.ices 1for ex~·l~. bostit.ils, r--tst.!!= ,:oi?:~e-s. 
tnnsport, • .-rce, l.wndries, .-3i~1stntion1 l"-~ 

!Qri·:ultur~ l0.} 
Otbtr indu:stri'!S • • 
!~1tile:s, .:lot!:inq •-• 
lletal indlrtri ,; . ~ 
Ccr.:ST~'1:icr. s.-
hper, printl11q l.; 

~ Electrical, tleo:trooi·: i!!o.'ll:stries J.I 
10 lllt-tive illdllstr; J.6 
II food industr; J. l 
12 ll!dllnical enqineerinq 2.4 

t1JJ.O 

~ _r.:!;:~ _c-~:-=-~: ~.:-~~~:1_~~-~__lll'lr_e~·!-_:.=s~ ~~~~~~ _:~s
rei::ions ot doli.u •. 

General llu.lk orqanics 
~al bulk i:iorqa.~i.::s 
Otbtr till! dlesicals 
P!unao:euticais 
Pliliti.::s 
rertili:ers 

Paints 
CosRtics 
ribres 
D!ttrq!llts 
Aqrocbeaicals 
~ 
il";es 
s·111t11ttic rubbe~ 
Indlistrial qases 
Polyuretbw:s 
ldbesites 
Electronic dlesicals 
Tiwi111 dioxide p1qa!11ts 
Food adllesi•es 
rnqrallOIS 

~i,.:tior. of !eaJ:nq 
~ie:s 

·;ari011S 
·;arlOUS 
"iiCiOUS 

Bristol R?tts, llerdt, Sojuibtl 
8ASf. !)oo;, Sbell 
llSll, !Cl, £ni90nt, Kesira, 
llorsl: lydro 

!CI, PPG 
L'Oreal 
Ak:o, ;)i Pont, Boectst 
Procter ana ~It, llnilt7er 
Ciba-Gtiqr, !CI, lbOl?e-Poulen.: 
!Cl. Pioneer, Sando: 
lla:er, Ciba-Gtiq-;, !Cl. lloedl:st 
Ellia:>nt, rirestone, GoOd"fUI" 
Air Liquide, llX'., Onion Carbide 
s.·1er, BASr, l)Ji, !Cl 
Boden, &eniel, tational surd! 
~ Pont. llactu 
~ Pont, IL, SOI, Tio1ide 
Variu 
variu 

iiorld ~~·:t:'i~ 

sales share 

240.0 14.C 

~··~.o 11.6 

24J.C IU 
20!.C i~- -
19'~.(r 11.. 

au.o 4.~ 

u.o i. ~ 
u.o 2.~ 

u.c ~- ~ 

J2.0 u 
12.0 l.'1 
24.0 !.S 
:c.~ !.5 
2U 1.5 
24.5 u 
!U i.;: 

9.~ i.2 
16.0 LO 
12.1 0.1 
1.0 0.5 
1.0 0.5 

~Wysu ~. lilqel.llart. Jolllson llltlltj 1.0 ?.5 

<:oastrvctioa dlesicais Sandoz 1.0 il.5 

PllotoqnlJl!ic dlmicals tlStlla lodU 1.0 0.5 

iiiter treataent cllt'licals ~lco 1.0 C>.5 

Olmcal SOlvellts Enon, Sllfll, Onion Carbide 1.0 ?.5 

Mil I 6•J.2 100.0 

Smirkf: lndl!Stry estiutes. 
f Pr~ sold OllUide tllf cllesicals industr; a:; end·use uterials. 

types of chemicals. But it doe' not gi\e a detailed \il'\~ 
of ~ale~ of different chemical product' according tn 

the main end-use item,; thi' i' done in tahlc I\". I I. It 
'hould be noted thal many petrochemical- and bulk 
inorgan~;; compounds such a' ethylene and chl11rinc 
arc not included a' main 'clling prnduch hccau~c 
mo't '"le' of the'c item' go In prod\11.:cr' nf 01her 
chcmicab 1ha1 arc 'old a' rccogni1cd cnd-prod11..:1s 
ano '" the hulk<hcmica(, sale' arc '11hs11med under 
these. 
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Source. European Chemical Industry Assoc1at1on. 

3. Capacity 11ti/ization and upansion plans 

(a) Im·es1ment clima1e 

The late 1980s ha\'e generally been extremely good 
for the chemical industry world-wide. The: industry 
was in trouble in the early 1980s. during which time 
demand was at a lower level than capacity for many 
parts of the industry in most developed cou;-.tries. As 
a result of this, prices for many chemicals products 
fell, profits were low and the industry went through a 
peri0d of restructuring in which capacities were cut 
and employment reduced. Since around 1986. the 
situation has impro\'ed in many parts of the world. 
Demand for chemicals has improved in line with the 
general economic expansion in much of the developed 
world. Prices, parucularly for many of the low-,;alue. 
high-v1)lume basic petroct..:m1cals. have increased. 
leading to better profits. increased capacity utilization 
and a mood of expansion. 

The principal chemical products for which capacity 
utilization and expansion are critical appear in 
table IV.12. They include ethylene, propylene, styrene, 
ethylene oxide, ethylene glycol. ammonia. methanol. 
polyethylene. polypropylene. polystyrene, and poly-

vinyl chloride. Reflecting the abo\'e-mentioned fa\·our
able climate of the 1980s. considerable capacity 
additions occurred in the new producing and devel
oping countries. The most sizeable increases can be 
seen in ethylene and ammonia production. Re~ions 
gaining the largest increase were Eastern Europe and 
East Asia. 

The outlook for the early 1990s is difficult to judge. 
In 1989. the growth in demand siowed down in many 
developed countries. At the same time. increases in 
capacity, which had been approved in the 1986-1988 
period as a result of the feeling of buoyancy in the 
industry. started to come on stream. That. howe\er. 
led to a checking of previous price increases and to 
lower profits for many of the large chemical companies. 
During 1990-1992, more capacity increases will come 
on stream in many parts of the industry. Demand 
expansion is likely to be less than for much of the 
1986-1988 period, owing to a slow-down in the rate of 
economic growth world-wide. That will lead, many 
observers believe, to a relati\'e slump in the industry, 
although this is not expected to be at all as severe as in 
the early 1980s. when the industry as a whole was in 
difficulty. 

A major problem for the chemical industry is that 
profits and the general outlook are intrinsically linked 
to capacity utilization; that is, because the industrv is 
highly capital-intensive and fixed costs as a proportion 
of total costs tend to be high. The cost. for example. is 
$500 million to build a modern ethylene plant. A 
titanium-dioxide factory that processes ore to make 
the pure material can easily represent an investment of 
$200 million. In the future. costs for new plants are 
likely to be still higher. for two reasons. The first is 
that new plants tend to have larger capacity. Taking 
ethylene plants as an example, the average capacities 
of such facilities have increased considerably over the 
past 40 years. Average annual 0ptimum output of 
such plants was 30.000 tonnes a year in 1950. 60,000 
in 1960. 100.000 in 1970. 200.eoo in 1980, and 280.000 
in 1988. according to ~tatistics from Shell. The average 
capacity estimate is t:kely to exceed 300.000 tonnes a 
year in the early 1990s. 

The second reason for the larger costs involved with 
new plants is that more expensive equipment is needed 
in such facilities to reduce pollution and to embody 
othi:r environmental safeguards. This is tied up with 

Table IY-12. C!lep!jcal gpacjtJ addjtiais in new pI!lducing and developing co\Rltrjes. 1'!!2-1937 
(Ttoiisands of tonnes per year) 

Reqion Ethylene Propylene Styre!'lf ID/&rj/ Annaiia Methanol l'tlly· FUly· Poly· Polyvinyl 
ethylene prCl)yl!!le styrene .:hlori~e 

Eastern E~ 2 925 245 625/ 340 2 647 2(65 1 245 m 118 ~51 

East Asia 2 470 663 400/ HO 5 d79 l 060 1 130 5" 22 51~ 

Western Asia and 
llorth Africa 1 920 180/ !>50 2 358 2 285 897 140 

Latin lln!rlca 1m 107 100/ 565 40< 40 116 
Afri~ 510 200 . I 660 660 68 1'0 
Others 410 150 95/ 68 I 103 600 595 85 110 

'l'OUL 9 510 1 365 .. 1 400/1 308 12 647 7 635 4 269 1 110 189 I 674 

current capacl ties 20 600 6 000 2 JllJO 9 200 2 100 1 4110 'i 700 

~: Stuart 11.wnsl~y. ~ (F..ist Sussex). 
i/ Etllylene ox1~e/etnylene 11yoo1. 
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increasing environmental awareness in many coun
tries. much of which is manifested in increasing 
demands on the chen;ical industry to implement 
relati\'ely new and expensi\e dean-up technologies to 
reduce the negati\·e en\'ironmental unpact of industrial 
operations. Such systems can include scrubbing equip
ment to remo\'e harmful gases. new waste water 
treatment systems. incinerators to dispose of solid 
waste and sensors and sophisticated control equip
ment to increase monitoring of reactions and to 
ensure output of polluting materials is kept to a 
minimum. 

Because. in general. fixed cost-; are so high. there is 
an overwhelming pressure on managers to increase 
output as much as possible. particularly of low-\·alue. 
high-rnlame petrochemical-type products. Ir output 
can be pushed to 90 per cent or more of capacity for 
such plants. then profitability remains reasonably 
good. This follows from the fact that at such an 
output level. demand is likely to be great enough to 
keep prices reasonably high. With an output below the 
90 per cent or capacity. prices and. therefore. pro
fitability are likely to be low. and if the proportion of 
output to capacity falls below 80 per cent for 
prolonged periods. the company or management 
group operating the plant is likely to be losing money. 

The capacity utilization question relates to the need 
to balance plans for in\'estment in new plant additions 
or replacements with whatever is likely to be the 
demand for chemicals in a particular period in the 
future. Investment decisions are often made as long as 
four to six years before the plant comes on stream. 
making it extremely difficult to forecast O\'erall 
demand le\'els when the facilities will be in operation. 
Another problem is in working out the effects on 
overall capacities of other plants being planned hy 
other groups which will influence the total possible 
output of specific chemicals. These questions apply 
specifically to the bulk. low-\'alue end of the industry. 
where products from different companies are \'cry 
similar and as a result products are sold almost totally 
on the grounds of price as opposed to quality or 
specification. 

(b) Planned inl'e.HmentJ 

Investment possibilities should be examined not just 
in terms of the industry as a whule but also for critical 

products including. as mentioned abo\·e. petrochemi
cals. pla~cics. fertilizers. specific inorganic compounds 
and some :)f th~ more specialized. higheM·alue-adJed 
chemicals ~uch as pharmaceuticals. agrochemicals and 
seeds. For petrochemicals (including eth~lene and 
styrene) and man~ types of bulk plastics. it is possible 
to analyse what is happening in terms or capacity of 
differer1t geographical areas. Beginning with de\el
oped countries. table IV .13 reflects capacity additions 
in Western Europe. the United States and Japan. 
Planned additions are shown to be parti~ularly strong 
in the United States. 

Howe\·er. many other parts of the de\·eloping 
world. especially East Asia. Western Asia and some 
parts of Latin America. are also likely to see significant 
expansions in these product areas as the petrochemical 
industry in these regions experiences more rapid 
industrial growth. Announced capacities for those 
regions are shown in table IV .14. The chemical branches 
likely to undergo the greatest expansions are ethylene. 
styrene. ammonia. methanol and polyethylene. The 
regions likely to ha\'e the strongest increases are the: 
East Asia and Latin America. 

(c) Ethylene 

Ethylene is one of 1he basic building-bloclls of the 
entire chemical industry. Nearly 60 million tonnes of 
ethylene are made each year in giant plants called 
crackers. Ethylene itself is a gas. made either from a 
fossil-fuel-deri\'ed natural gas like ethane or from 
naphtha. a by-product from oil refining. Produ~ts 
from ethylene include major plastics such a~ poly
ethylene and polystyrene and a large number of other 
chemicab deri\'ed from such ethylene-ba~ed com
pounds as glycol or ethylene oxide. 

According to focuJ on Chemical_~. a United King
dom-based newsletter for the chemical industr~. in 
the next few years the world is likely to see a 
significant extra amount of ethylene capacity. in line 
with the generally bullish mood of expansion in many 
parts of the industry. Increases in this capacity by 
region between 1988 and 1992. shown in table l\'.13. 
suggests that considerable growth is anticipated in 
both de\'eloping and de\'eloped economies. This large 
increa-;e in ethylene capacity may not find a cor
responding increase in demand. according t<1 the 
newsletter. which sets out the following scenari1> for 

Tdbl• !V.!l. Global ctp11cal capadtJ ad11tjor::. 12'lU_~ 
IThOuSards nf tC11nes per ywl 

Pl'1llb:t !;![1~ ~i~'"it! --~>'t'fil~...ill'.H'l'.'J:L_ __ 0ttl'r ?J~' 1M• 

l'l88 1'1l2 Ell'llpe llni led Japan ~of Tat.ll Pel":'ent.lqt ~?-Y.1 ! ' 
S..ites llOC!d 1ncre.se additions 

Pol yprowlene 10 000 171~ I 940 I 555 564 l 205 1 1~5 72 8 000 

Styrene 12 000 16 700 I 590 480 4~ 2 21C 4 7)0 19 6 400 

Pol Jethylene 29 000 l8 000 1m 2 110 197 u:~ 9 057 ll 12 500 

Ethylene 56 000 72 500 l 195 5 420 l 47~ 6m I~ ~4l 10 16 600 

Propylene 21 ono 12 f6C 17~ l 055 280~ 5m 21 8 400 

Polyvinyl clllorlde 18 500 22 200 515 I 052 :c 160 l 727 10 2 ..io 

Polystyrene 8 '100 10 160 2~ 2~ 200 1m 1711 19 I MO 

rom 161 400 209 ~o II 010 12 !JO 2 785 22 68~ ·~ ~1·1 10 '6 ~n 

------- --- ----- -----

~: Shi.irt W•l"f, fXIL~ jfASl 511:::. .. 1. 
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fll!lt IV U, lll!!la ai1:tl 21111j;itin CK II! DCOU:im g lim~i~ Ql!l!Yi~. !'l8a- o3 
!'llW::Gnds Of toml!s l 

l!qioll l'Hiod frodlrt 
Ethyl- Prapfl- St.JI9t mjfijl l9ol: w •tlllnol Poly- Poly- Poly- Pcl}'<litt!l 

ll!Sten lsi• (•) l'.18-lge9 5tO 150 110/ ll 
(bl 1910-1992 800 JOO 20/115 

(bl - l•l 260 150 -'J0/120 
&1st lsil l•l l'.18-lge9 2 060 470 ltl 5(2flG 

(bl 1'1'111-1992 l 8'15 425 l 550 120,'210 
(b) - (•) -165 -45 l 410 US/ IO 

~tia (1) 1W-Ige9 172 100 5 100/125 
•rica :bl 19.I0-1'192 l 100 l D5 JOO 65/ 40 

(bl - (•) 221 l 235 29!> -15/-85 
tlslfra (•) 1"8-lge9 JOO 230 70 
Elrqie (bl 1990-19')2 10 

!bl - 1•1 -290 -230 -70 
lfrica (al 1"8-19119 

(b) 19JO-l'J')2 

!bl - l•l 
Otlll!r (•l 1"8-19119 15 llS 

(b) 1910-19'12 305 15 100 
(b) - l•l 305 -20 -15 

~= Stum 11ms1ey. rocus an g.jg!s (&st S-•l
tl Etbyl- CJ1ide{etllflt11e 9lJt'llL 

what a likely to happen to ethylene capacities and 
consumption. Consumption in 1988 was reckoned at 
93 per cent of total capacity; that is. 53 million out of 
56 million tonnes. Across the indust •. - as a whole this 
ensured that ethylene plants could operate at high 
output levels in relation to overall capacity. Hence 
profitability was good. Growth in consumption across 
the world between 1988 lnd 1992 is likely to be only 
about 3 per cent a year for ethylene, leading to overall 
consumption of the material in 1992 of 58 million 
tonnes. But by this time total available output, in 
terms of capacity. will ffi..vc risen by a much higher 
level; that is, to 72.4 million tonnes. That will lead, if 
this estimate of future demand levels is correct. to a 
capacity utilization of just 81 per cent. which as the 
itnalysis earlier shows. is far below what is needed in 
the industry for good profitability. 

Obviously. rough forecasts of this sort arc open to 
many kinds of challenges as they rely on a large 
number of assumptions. It is safe to say, however, that 
scenarios pointing to world over-capacity in ethylene 
arc generally widespread, and thus there is a rcasonabk 
likelihood of this happening in the early to mid-1990s. 
Such a conriition would be especially serious for many 
developing countries pl?",ning significant increases in 
ethylene capacity over the next few years. 

(d) Pla.uicJ and otht'r petrochemicals 

A similar case can be made for industry over
capacity in other petrochemicals and in bulk chemicals 
such as ammonia and methanol. Analysts have pointed 
to trends similar to those for ethylene. with large 
capacity increases for a number of basic chemicals 
over the next few years not being matched by 
corresponding consumption increases. 

(c) Fertilizen 

Fertilizers arc another large commodity area with 
annual sales of about SSO billion world-wide. Ferti-
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lizers arc man-made chemicals added to crops to 
provide nutrition and to improve yields. They can be 
split broadly into three types. based on nitrogen 
(examples here are ammonium sulphate. ammonium 
nitrate and ure<> ). phosphorus (based or. phosphate 
rock) and potassium (based on potash). Production of 
the best-selling nitrogen type of fertilizer is highly 
energy- ar.d plant-intensive. Much of this produc1iori 
depends on making ammonia from hydrogen and 
nitrogen. a process that requires much energy and 
expensive. high-pressure reaction vessels. Information 
on phosphate-based fertilizers can be found in section 
D of this chapter. 

The fertilizer market world-wide is highly frag
mented. Also. especially in Europe and the United 
States. the fertilizer industry has not seen great 
r- ofitability over the past decade. havmg experienced 
over-capacity, weak demand and low prices. This has 
been due, in part, to lags in agriculture resulting in 
low demand for nutrients. Another problem for the 
industry, particularly in Western Europe. has been the 
dumping of cheap imports. especially from Eastern 
Europe, which has depressed prices and put pressure 
on profit margins. 

There arc only a few global players in the fertilizer 
industry. Markets in individual countries, especially 
developing countries, tend to be dominated by local 
producers. As a corollary, the fertilizer market world
wide is far less dominated by the chemicals trans
national corporations than arc other areas of the 
industry. In many developing countries. fertilizer 
production ili under the control of indigenous 
companies, some of whose current development 
projects arc included in the data presented in 
tables IV.12-IV.14. 

Turning to the developed economics of both Europe 
and the United States, many of the .nain players in the 
fertilizer business have left the industry in recent years 
because of low profitability. Table IV.15 give~ some 
idea of fertilizer capacity in Europe. 



~ r;.i~._-1filJill.iliiotr..Rt*+-""'G i! -=~em ~ 1•n 
llillioas cf tc-=>I 

llorsk lydro lonli) 13.0 
lair• Fialud 1.1 
Dli-t 1i.11 5.1 
llts.~' rr..a 4.1 
ll&Sl Cenillr. Feder.t lepublic of 4.7 
El'CNS/bf ersi ~in 4.4 
ICl Ullitedlinip. 4.3 
ID llttll!rlal!i 2.6 

21.3 
15.4 
II.I 
10.4 

'·' u 
9.3 
5.7 

'IOUL 45.2 100.0 

~: lair•. 
4· ~with llf lqlliUilll!. 

(f) Titanium dioxide 

Titanium dioxide is a brilliant. white inorganic 
material used as an important additive in products 
such as paints. plastics. cosmetics and paper. It is 
made by refining ores containing raw titanium. 
Production of titanilim dioxide has in recent vcars 
been a fast-growing. profitabic part of the cheO-:icals 
industry. The field is dominated bv a handful of 
producers. many of whom have subst~ntial operations 
in developing countries. Globally. the industrv makes 
3 million tonnes of titanium dioxide a vea~. worth 
roughly $8 billion. The titanium-dioxid~ branch is 
part of a much larger pigments industry. which 
provides a wide range of colouring materials for the 
paints and related industries around the world. In 
recent years. the demand for titanium dioxide has 
outstripped supply. one reason why prices and profits 
have increased. Another reason is that the numb'!r of 
producers in the industry has decreased substantially. 
as many companies in the early 1980s found the 
industry. which at that time was unprofitable. too 
difficult and withdrew from it. Companies that took 
this route include Laporte of the United Kingdom, 
American Cyan; de of the United States and Montedison 
of Italy. The r,.oduction process is highly disruptive 
environmentally. a large barrier to entry in recent 
years. The market is dominated by four companies 
that have about 60 per cent of world capacity. These 
are DuPont of the United States. Tioxide of the 
United Kingdom (a joint venture between ICI and 
Cookson), SCM (a United States-based company 
owned by Hanson of the United Kingdom) and NL, a 
United States company. 

In the 1990s these companies and other, smaller 
groups such as lsihara of Japan are proposing a 
numbe.r of new titanium dioxide plants in developing 
countries and areas and in NICs such as Brazil, 
Mexico, Republic of Korea and Taiwan Province. 
1 hese expansion plans will add to capacity and m1y 
lead t<' oversupply in the industry. 

(g) s.rnthetic ruhher 

Synthetic rubber is a relatively stable. well-established 
branch of the world chemical industry, with much of 
the production technology dating from early in the 

century when chemists worked out how to make 
synthetic rubber from coal fecdstocks. Since then. oil 
has replaced coal as the main feedstock in mam 
countries. Developing countries account for an ia"
creasing share of the consumption of rubber world
wide. Total sale:; of synthetic rubber world-wide arc 
estimated at about $15 billion a year. 

(h) Paints 

Paints production is a global industrv in which 
much of the demand and plant expansio"n is taking 
place in developing countries or NICs. especially in 
East Asia. Total paint sales are worth about S30 billion a 
y~ar. The two largest companies in the industry are 
transnational corporations. ICI in the United Kingdom 
and PPG in the United States. But in specific countries 
often local producers dominate. particularly in the 
NICs of East Asia and Latin America. Paints pro
duction depends on the availll'bility of dozens of 
different types of intermediate chemical~. including 
resins. thickeners. pigments and specialized solvents. 
and many small companies establish themselves close 
to the. large paint producers in order to supply such 
matenals. 

(i) Fibres 

Much production of chemical fibres in recent vears 
has moved outside the most highly developed regions. 
In particular. countries and areas such as China. 
Republic of Korea. Taiwan Province and Thailand 
have considerably expanded their chemical fibres 
manufacturing. The four main types of chemi.:al fibres 
are acrylic. polyester. nylon and cellulose. Prices for 
many types of fibres in Western Europe. which was 
the leader world-wide in fibres until the late 1970s. 
have slipped considerable since then. largely because 
of depressed demand in the textiles industry and the 
impact of low-cost imports from other countries and 
areas. In particular, Mexico. Republic of Korea. 
Taiwan Province, Turkey and Yugoslavia have pro
vided low-cost imports to Western Europe. The total 
output of chemical fibres globally is worth about 
$30 billion a year. This figure seems likely to climb 
onlv at slow rates in the 1990s. with growth world
wide moving at a few per cent a year and most of the 
expansion occurring in developing countries or NICs. 
There are reasonably good prospects for expansion in 
polyester and nylon fibres, which lend themselves to 
high-technology. high-value applications in areas such 
as i.nd.ustrial textiles (for conveyer belts. linings. 
spec1ahst cord etc.). as opposed to the traditional 
outlets for garment fibres. 

In garment manufacturing. volume growth in fibres 
will continue, but in low-price applications. with much 
of the industry centred on East Asia where labour 
costs arc low. As a result of this shift, capacity 
expansion in this part of the industry will be low in 
~o.netary term~. DuPont. for instance. is stepping up 
Its investments m I he East Asia, particularly in carpet
f1brc manufacturing. The same is true of ICI. a110thcr 
big maker of nylon fibres and intermediate chemicals 
for polyester fibres. ICI is a world leader in the 
production of purified terephthalic acid, an important 
precursor for polyester. It is making substantial 
in~cstments .in purified terephthalic acid plants in 
Taiwan Province and Thailand. 
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(j) Pharmaceuticals and agroJciremicals 

With regard to pharmaceuticals and agrochemicals. 
it should be noted that investment patterns for these 
two product areas are geared mainly to production. at 
least of the main, high-value materials used in the 
products, in developed countries. 

(le) Implications 

Alihough it is difficult to pinpoint the amount of 
investment going into most specific branches of the 
chemical industry in individual countries. some idea 
of the future impact of the planned investments can be 
obtained by comparing capacities to forecast con
sumption. Table IV.16 confirms the observation made 
earlier that capacity is growing more rapidly than 
demand. Thus it appears that globa! capacity utiliza
tion rates will be lower ir. 1992 than in 1988. This 
implies that the recent active period of investment 
may be coming to an end. 

4. Manufacturing capacities of developing countries 

To some degree the subject of manufacturing 
capacities of developing countries has already been 
covered. As pointed out earlier. much of the expan
sion in the world chemical industry is taking place in 
countries outside the developed countries of Western 
Europe. Japan and the United States. Particular 
centres for this activity are East Asia. Western Asia 
and Latin America. Political change in Eastern Europe 
will also probably lead to an upsurge in the ..:hemicals 
industry in that region. though this may well come at 
a slower pace. In all the countries concerned, chemicals 
development is taking place with national Govern
ments having an equity or controlling stake in the 
relevant construction projects. 

The reason for this growth depends 00 the link 
between GDP and chemicals consumption in different 
countries. Chemicals consumption is roughly pro
portional to the total consumption per head of 
population. This follows from the range of chemical 

, products and the way in which they permeate the eco
, nomies of specific countries via a number of industrial 
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and consumer product routes. Hence expanding eco
nomies will invariably require a greater output of 
chemicals in any number of fields (such as fibres. 
paints, industrial materials. plastics. agrochemicals 
and fertilizers), which are linked to a wide range of 
industrial branches. Many types of chemicals (outside 
the high-\·alue product areas of materials like drugs 
and crop protection compounds) are relatively low
cost. So it makes sense in these cases to have the 
sources of production close to the market rather than 
to transport the materials over long distances. That 
leads to a demand for new chemicals complexes 
(l"laking in particular the relatively low-value. high
volume types of material at the petrochemical end of 
the industry) close to the demand centres in devel
oping ~ountries. 

Tables presented in this section have reflected rec.:nt 
incm~ses and capacity additions expected in the 
chemical industry in developing countries. particularly 
in East Asia. For example. information about ethylene 
and plastic feedstock projects. in terms of newly 
envisaged capacity increases in developing countries. 
has been provided. Unfo:-tunately, thert is 1;u1e 
information as to what this investment ~ill mean in 
terms of employment increases. But there is more 
information on how these trends are likely to affect 
chemical trade patterns around the world. At present. 
the main production and consumption centres for 
chemicals. such as Western Europe and the United 
States, are large net exporters of chemicals to Japan 
and to developing countries. especially in East Asia. 
However. as the build-up in capacity in developing 
countries takes place, this pattern will change. It is 
forecast that by the mid- to late-1990s, the net trade 
balance in petrochemicals (not counting more sophis
ticated products such as drugs) between Western 
Europe and the rest of the world will change from 
being positive to negative. 

Although it is difficult to discuss in a comprehensive 
way the nature of the chemicals build-up in specific 
countries. some idea of the trends at work can be 
obtained by looking at specific investment projects 
involving chemicals groups often State•owned, in 
particular developed countries, and partnen from 
the established companies in developed, countries. 
Examples of such projects ii;i rec;ent years,, with dates 
of announcement. are as foll1>ws:, 



(a; April /".ft9. Royal Dutch/Shell comp!etes deal 
\\ith Go\·emment of Singapore under which it great!~; 
expands ownership of an existing petrochemicals 
comple.\ in Singiipore. It has a rough!~ 30 per cent 
share of running this 0peration in combination with 
other transnational chemicals groups f10m Japan. the 
main one being Sumitomo: 

fhJ Julr 1989. Shell reaches deal with Govern
men! of Indonesia under which it is to ha\'~ a 57 per 
cent stake in a l·hemical; Cllmplex in central Ja\'a. due 
to be finished in 199.$. The other main groups 
in\·oin~d in the comple.\ are Pertamina. t~e- Indonesian 
State-owned oil company. Mitsubishi and ltoh of 
Japan: 

fc·J February 1990. '.\titsui and Sumitomo. both 
of Japan. and BP Chemicals of the United Kingdom 
agree on building a 200.()00-tonnes-per-year poly
ethylene plant in West Ja\·a. lnl!onesia. Th.! Company 
set up by the three partners also inrnh·es a 2.$ per cent 
stake held by Indonesian partners. Production is to 
start in 1992. The cost of the complex is about 
S250 million: 

(d) February 199(1_ Amoco. of the United States. 
declares that it is going ahead with a S200 million 
facilit\· at Zhuhai. China. to make purified terephthalic 
acid. ~at...:rial used in making polyester fibre. Produc
tion is set at 250.000 tonnes per year of the substance. 
ICI of Britain is pursuing a similar PT A project in 
Tai\\an PrO\·ince. as already mentioned earlier in the 
section on fibres: 

(e) .\larch /990. Idemitsu of Japan and BP Che
mical!. of the l'nitcd Kingdom 1oin forces with 
Petronas. the national oil company of !\1alaysia. to 
build 'S800-million ethylene and polyethylene piants at 
Terengganu. Malaysia. The plants are to be opera
tional in 1994. 

Although the t:ssR can hardly be ranked as a 
developing wuntry. a number of petrochemical pro
jects are taking place in that country inrnh·ing large 
joint-venture partner~ from developed market eco
nomics. Thev include the following: a $330-million 
project inrnl~ing John Brown and Morgan Grenfell of 
th~ United Kingdom to expand an ethylene plant and 
pro\'ide pol~ethylene production at Budyc:nnovsk: a 
$500-million scheme at Tobolsk invoking Combustion 
Enizincering of the United States and Neste of Finland 
to build a complex making polypropylene and other 
chemicals; Occidental of the United States and the 
Ministry of Chemicals Industry of the USSR plan to 
build a PVC plant at Kalush at an estimated cost of 
several tens of millions of dollars; Enimont of Italy is 
involved in another scheme to rr.ake alkylates: and 
MTBE Chemicals and Mazekhai Feruni of Italy plan 
to build five polypropylene plants in different parls of 
rhc USSR. 

Although many of rhe salienr points related to the 
restructuring of the industry world-wide have already 
been disc:ussed. 1hc focus here is on se\'cral imponar.1 
aspecl\ of capacity cxpan,ion. product 'peciali1a1io11. 
•hifl~ 101\anh de\i;loping regi11n,, merger' and c;hange' 
in cmploymcnr. 

(a) /ns111bili1y in 1.-11p1Jdty f.>rmariun 

Capacity reductions in many areas of the industr~-. 
especia!ly petrochemicals and other lo\\-\·alue product 
areas. took place during !982-1984. as a response to 
the lWer--:apacity and wide~pread slippage in profit 
margins that occurred in the sector in the early 1980s. 
That was followed between 1985 and 1989 ty a 
general period oi plant e\p:-nsion. price rises and 
pr,lfit increases in the industry. This healthy period 
for the industrv coincided with demand ·::1..pansions for 
chemic:als in ~an~· cou:uries. both de\·eloping and 
de\·eloped. There w:ts also some restraint on capacity. 
brin!:!ing about pr ce increases whi\~h benefired profit 
margins. The year 1990 saw the start of a more 
difficult period. A general increase in capacity in 
many parts of the industry started in 1989-1990. and 
this. rnupled with a redi.ction in the growth rate of 
demand for many basic types of chemicals as a result 
of a decline in ,werall expansion rates in many 
economies. has brought a slow-down in price rises. 

(b) Producr speciali=arion 

A move towards rescarch-intcnsi\·c. more specialized 
types of chemicals hcls occurred al!long the chemicals 
majors. Many of the biggest chemicals groups in the 
world were severely shaken by the down-turn in the 
industrv in the earl\· 1980s_ Their operations in 
petrochcmi::als and in-other bulk areas of the industry 
~u:Tered most. There was o\·er-capacity and a slide in 
profit margins. Many companies decided not onl~ to 
reduce capacities at !his end of the industry. but to 
move more in<o higher-\·alue. more specialized pro
duct fields. It was reasoned that in these areas 
competition and capacity problems \\OUld be fewc. ln 
~articular. product areas such as pharmaceuticals. 
agroch.:micals and seeds. specialized plasrics (engineer
ing polymers and polyurethanes) and high-\'alue paints 
1high-technology industrial coatings) stand a reason
able chance of experiencing growth. e\en in any future 
recession. Their expansion rate~ in most cases are less 
linked to the o\'erall economic climate and to orher 
production branches that arc the chief customers of 
the chemical industn. 

Another aspect ~nderlying lhe mm.: towards the 
higher-value product fields is that profit margins arc 
generally abo\·e those at the bulk end of the industry. 
Drugs and agrochemicals. however. carry extremely 
high research and marketing costs. and this has to be 
borne in mind when considering e\pansi"n strategies 
al the high-value end. Ho\\.!ver. many of the chemi
cab majors in developed market economies reasoned 
1ha1 the\ would be in a better position than chemicals 
groups in developing counrries to take commercial 
ad\·anlage of mo\'ing inl<l the more research-intensive 
product areas. Such moves into the higher-value end 
of the market by !he large companies would therefore 
protect 1he'.11 from the effects ,>f recession. provide 
higher profits. and give some cushioning from the 
competition nf developing countries al the low-value 
end of 1hc market. 

Tahlc IV.17 provides some d<sla abo111 the si111a1ion 
m 1hc 1:ni1ed S1a1es with regard 10 the diffcrenl area' 
11f ,pcc:iaiil) in non-commodiry chemicals and rhcir 
rclali\c gr11w1h rare ... The product area' mcntior.cd in 
rhis li'I arc good examples of 1he kind of rc~.:an:h-
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inlcnsi\'e materials that many of rhc big chemical' 
groups have 1ried to move inro as part of rhc 1rcnds 
outlined abme. Finally. rablc IV. IX give' an esliMalc 
of the splil bcrwccn speciality and commodity chemi
cals in the annual sales of rhc biggest transnational 
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chcrr.ical corporations. Speciality is taken to mean 
general high-value. high-profit areas of chemicals. and 
commodities represent the traditional bulk end of the 
industry. including low-value. high-·rnlume materials 
such as conventional plastics. ethylene. general petro
chemicals, bulk inorganic substances etc. While reason
able profits from speciality products were achic\'cd 
during the 1986-1990 period. whether the shift of the 
industry towards the high-\·alue end of the industry 
will continue in the 1990s remains unclear. 

(c) Shifts to de\·e/oping regions 

Shifts in demand, production and consumption to 
developing regions ha\·e already been mentioned. As 
the 1990s unfold. these areas of the world. particularly 
East Asia. will continue to account for more and more 
of the prnductiol" and sales of the chemical industry 
world-wide. This will be increasingly taken into 
account in the general business strategics of large 
chemicals groups in decisions on establishing research 
and production centres in different parts of the world. 
and in the planning of marketing ventures. 

(d) Mergers and employment con.~ideratiom 

In general. the chemical industry is a mature industry 
wirh much of world producti.m in the 1960s and 1970s 
dominarcd by large transnational companies. !\1any of 
these completed significant rcstrucrnring operations 
in\'olving mergers with oihcr groups or cut-backs in 
the labour forcC'. This lcfr rhc indusrry in its present 
siluation. anci i: con!inucs to be highly capitai
intcn~ive. with rclati\'cly low labour rnsts. At the top 
end of 1he indusrry. 1hat inrnl\'ing rhc large trans
national "orporations. there has been little of the 
rationali1ation through cost-cutting and labour rcduc-
1ion of the kir,J seen during the 19XOs in other 
indusrrics. such as electronic~. tcle,ommunications. 
car manufacruring and shipbuilding. Table IV.19. for 
example. show~ practically no change in rotal industry 
employment in the major dc\'clopcd economics between 
19X6 and 191!7. 

Some mergers and joint vcnrurc~. however. ha\'e 
occurred in rhc, pharmaceurical~. industry. one of the 
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most important branches. although not a t1.-pical part. 
of the chemical industry. being firmly anchored at the 
top. high-\·alue end of the business. Notcworth\ arc 
mergers between Beecham of the United Kingdo~ and 
Smith Kline Beckman of the United States: Squibb 
and Bristol-Myers (both of the United States): Rhonc
Poulcnc ( F ranee) and Rorer ( U nitcd States): the 
pharmaceutical division of Dow Chemical (United 
States) and Mario Lahoratorics (United States): 
and Hoffmann-La Roche (Switzerland) and Gcnctcch 
{United States). The main rationale was to bring 
together marketing and research teams to obtain 
bc11cr economics of scale. 

The joint \·cnturcs and combinations ha\·c had little 
effect on employment in the pharmaceuticals industrv 
as a whole. which has gone down on1 .. - fractional!\· a~ 
a result. nor were they intended to. Th~l is because' the 
pharmaceuticals industry. like chemicals in general. is 
not particularly labour-intcnsi\·c People employed in 
pharmaceuticals arc much mor\: likclv to ha\-c whitc
collar. office-type job. as in administr~tion. marketing 
or rc:scarC:1 than dircci production jobs. Hence the 
potential for culling back on the work-force in 
manufacturing, which is the easiest place to make cuts 
in the aftermath of a merger. is far from high. 

6. T ulmological trends 

Among the major technological trends that can be 
identified in lhe chemical industry, the present focus 
is on those related to research intensification. environ
mental considerations and biotechnology. 

(a) R1•.,earch inteniification 

,A'i mentioned aho\e. more effort is hc:ing put into 
th~ research-intensive. speciali1ed end of the chemical 
in1l11s1ry. '" a rc-'>1111. anti also hrcamc- of diffc-renr 

' 

kinJs nf prnd•1.:t demand from n1nsumcr.. ,,f chemi
cals. matc!"iais ,,,Id in the industn ttlda\ arc more 
likclJo h• be spccillc t)o ~ ,,f .. ub"t~nco ~adc h> the 
formu!ath>n ,,j the cu,h>'llcr ... and 1..n•n' n a' ··per
f.1r'llancc" cr.c:micab. rather than l-oulk mati:rial' ., .. :J 
''" the ba-.i" ,,j price .. .\ performance: chcmu:al ,,,uld 
be a pa~ticular blend ,,f polJourcthanc 1a .. ub•aancc 
mo.Jc fr.>m a mi\turc ,,j different chemicals I that ha., 
been de\ ised C\proslJo h• meet the need, ,,f an 
inditidual cu .. wmcr. such a-. a shoe •>r a furnnurc: 
manufacturer. The spccifi1.-auon rc:4uircd for !hi .. 
application might be totallJo diffc:rcrtt fr,101 that needed 
to make a different t1'pc of polJourethanc used b' 
an.1thcr customer. This has 1mplicatinns for th~ 
industry both in terms ,,j the t.:inds oi pe.1plc: who arc 
cmplo1'ed tthc:rc is a bigger demand in the industn for 
scientists. scicntifical:y qualified marketing pct1pl~ etc. 
than say 10 years ago). and also in the t]opc ,,f 
equipment that thcJ-· use. There is thus more of a 
demand for highl]o sophisticated instrumentation such 
as mass spectrometers. chromatographs etc. in pw
duct dc,·clopmcnt laboratories. 

(b) Em·ironmenral con(ideratitlns 

The past fo·c 1'cars hnc seen an upsurge in public 
interest in cn\-ironmcntal issues world-wide. Concc:~ns 
about pollution arc highly rclc\·ant to the chemic.ii 
industry. which is generally a large producer ,,f waste 
materials. such as waste gases (which go inh> the air). 
liquids (discharged by factories into rivers and seas) 
and solid materials (which generally ha\·c to be either 
dcp<.•sitcd as landfill. or put into th~ form c,f aqueous 
effluent for discharge into water. or burnt in incincra
t<lrs). Many chemicals factories arc also highly obtru
si\C \·isually and arc common eyesores. A final point 
concerns the end-products of the industrv. Man\- of 
these. for c\amplc plastics. arc difficult h; dispos.c: ,,f 
after use. which gi\·cs rise to another set of cm-irnn
mcntal problems. while others. such as polychlorinatcd 
biphcnyls and other chlorinated organic chemic.tis. 
can pose health risks by possibly being linked to 
cancer or other unpleasant diseases. 

Another possibility is that man-made chemicals can 
interfere with natural environmental processes that 
nurture the ecosystem of the earth. A case in point is 
pro\'idcd by the chlorofluorocarbon (CFC) chemicals 
used in applications such as acro'i<>ls. packaging and 
refrigeration. In recent vcars scientists have traced a 
link between these chc~icals and destruction of the 
ownc layer high above the earth which helps to shield 
the plancl from dangerous ultraviolet radiation that can 
cause skin cancer. The chemical industry rccogni1cs 
that it has to do a lot to improve its environmental 
performance. particularly in view of its past record. 
This is true of the ini!ustrv in all countries. 

Many of the solutions. arc not technological at all. 
but in some areas progrcs,; can he made hy imple
menting new technological methods. The chemical 
industry has pcrcci\-cd this. and there has hc:en a large 
amount of effort in the follow mg three areas in 
particular: 

fa) CFC Iuhmtutmn. Large CFC-makers such as 
ICI and l>uPonl ha\c been in the forefront of the 
suh,111ution driH:. In addition much work ha' heen 
d11nl.' in l111•kmg al possihly '"'~c chemicals. 'uch as 
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'\Omc: pc'ilicides. to work out their long-term effects lln 
the: health of ammab or peopk. Trial work 1•n ne'Uo 
agrochc:mi1.-als prior h) such materials going lln general 
sak i~ c,•ntinuall~ being made tougher 10 minimi.>e the 
risk 0° their e\C:ntua!I~ being found to be unsafe:. 

fh; Waste eminton reJucnon. One: theme: iu the 
industr~ is Iv redesign chemical processes 10 minimize 
the: aml~Unl of surplus by-prnduct. Another large-scale 
area of application is in the: so-.:alled .. end-of-pipe .. 
trea•ment methods. With such techniques. c:nginttrs 
can clean "P gas streams or 1Aaste water discharges to 
remo\ c: nll\ious or unpleasant gases. such as sulphur 
dioxide and nit:ogc:n oxides. which can be rc:mo\·c:d b~ 
scrubbing s~stc:ms. or to take: out harmful organic 
residues froM aqueous c:ffiuc:nt. which can be Jone: b~ 
bactc:riok•gical treatment sys1c:ms. 

ft") .\fateTla/ renclin.(. ~fan~ of the large plastics 
companies ha\·c: in recent ~cars bttn continually 
reminded of the general emironmc:ntal impact of their 
products. \lo hich are \-c:~· hard to dispose: of after use. 
Thus there: has bttn much interest in dc:\cloping 
plastic~ rec: ding methods to colk-:t used material and 
reform it into new products. Thi~ relie\·c:s pressure: •.ln 
the: c:mironment b~ finding new outkts for plastics 
packaging and other items that \lo ould otherwise: 
general!~ find their wa~· to landfill rubbish sites or 
incineration centres. 

A number of companies in Europe and the: United 
States arc: 'U.Orking on such recycling ideas. chiefly 
aimed at plas1ics packaging. The: 1dc:a is 10 form 
collc:c1ion schemes. perhaps jointl~ with municipal 
authorities. under which plastics can be obtained from 
the: refuse: strt'am and transferred to recycling plants. 
Here the material i'\ screened. separa1ed. washed and 
melted before reforming (perhaps by an e.(trns1on or 
injection moulding tc:chnique I into materials that can 
be re-used. Plastics companies that arc: committed to 
working 1>0 recycling \C:nturcs include .\moco. Dow 
and DuPont in the United Sta!es and BASF. Bayer 
and Hoechst. in the Federal Republic of German\. 

The increasing pressure!. on the industry are mani
festing tltemsehcs in the supplemental research pro
gramme~ that chemicals companies arc being forced ll> 
undertake to o\crcomc certain em-.ronmc:ntal pro
blems. They are also ha\·ing to dnote more res1>urcc:s 
to em ironmentall} oriented capital spending; for 
C\ample. on new S}stems to reduce effluent in waste 
water or to incrc:a'\e incinerator capacity and dispose: 
of sohd wa,tc in a reasonably efficient manner. Ir 
Western Europe. ahoul IO per cent of the total capital 
spending by the chemical industry. which in 1989 was 
about $23 billion. i~ channelled towards cmiron
mental improvement-;. Many in rhc indusrry think that 
if current trends -;ontinuc. the proportion will move 
towards 15 and 20 per cent by the end of the 1990s. 

( c) Biotuh110/o1<r 

Biotechnology is 1hc umbrella rerm f,>r a number of 
new biological merhods. mos! of them centred on 
manip11la111in of grncric scgmcnr' in li\ing organi,ms 
to pro\ 1dc: new way' of making exi,1ing chemical 
prod11c1,, 11r 10 c1ca1c po"ihly cn11rcly ne1,1. '11h,1ance' 
1ha1 arc d1fficui1 or 1mpo"ihlc: lo make hy co1ncn-
1ion;1I tc.:hnique,_ Many 11f the new hi1~l11gical tech-
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niquc:s arc under intc:nsi\ e study m the pharmaceutical 
industr~·- which is the: chc:m;;:ais br3nd1 most likc:ly t;l 

be affected by hio~edmolqty. l"p :o now. !'rogrcs'> has 
been sltlW. Of Ehc total ;i,orld ouipul of rt-·arrr.2ceuti· 
:::?!-;.of some SI~ billi<m .i \Car. l'nly ab••ut : i-~l cent 
comes from biotc:chnoloi;~·-dcri\·ed dr.ig>. As the 
19'Hls proceed. howe\·er. there: i:< a go.-.J chance that 
more: r.c:w biotc:chnology-dc:ri\·ed medicines will reach 
the market. 

The: new methods also hold out promise in other 
areas: for example:. production of ~ticidc:s. industrial 
c:nz~ mes I for controlling or altering chemical reac
tions. or acting as catal)•sts to spc:cd them up) and fine: 
chemical intermediates (made as chemical precursors 
of drugs or crop protection compounds). 

Progress with the: technolo~ has bttn slowed by 
the basic probkm~ of taking new ideas I most of the 
nlnd biotechnology methods date to the: mid-1970s) 
from the laboratory stage: and turning them into pro
ducts. Another problem has bttn the: opposition from 
some: quarters tm c:m·ironmc:ntal grounds to the: no\·cl 
biotechnology mrthods. This opposition. strongel't in 
Denmark. the: Federal Republic of Germany and 
'.'ethc:rlands in Western Europe. has linked with 
genetic manipulation of cells the id~a that such 
techniques could accidentally create: new. possibly 
harmful organisms. Such materials could. in theory at 
least. escape from laboratories and disrupt ecological 
patterns. perhaps by colonizing pans of the: bodies of 
animals. including the: human intestines. Such ideas 
seem fanciful to many scic:~ ;sts working in the 
industry. who belic:\·c: that thc:rr is only a small 
possibility of any laboratory-created organisms being 
robust c'lough to suni\·c in an alic:n environment in 
people or animals. Hence they say that oppo~ition is 
founded on extremely weak grounds. 

'.'one the less. this has not prevented opposition to 
genetic engineering. as many of the new biotechnology 
methods arc: called. from ha\·ing a huge: effect in one 
country especially. the Federal Republic of Germany. 
The strength of the opposition there ha~ \irtuall\ 
stopped all production of genetically engineered mate
rials on anything but a laboratory scale. This ha~ been 
due to a series of court judgements dcli\·crcd against 
the plans of larg<: chemicals companies like BASF and 
Hoechst. which wanted h> take their biotechnology 
ideas to the production stage. A new federal law on 
genetic engineering is due to be enacted in 1990. and 
so the tuturc for hiotect-nology in the country will 
depend to a large degree on the nature of the: law. how 
it is implemented. and the: le\·e: of foturc opposition to 
bio~crimology in general. 

7. Short- and m~di11m-urm ind11stry 011t/ook 

The future outlook of the chemical industry appears 
to depend on the four factors described below. 

(a) (irm1 th 111 the ck1·1'1opi11g cmmtrio 

The c~tcnr to wlt1ch rhe likely take-off for rhe 
indu .. 1ry m devc:toring counrrics will actually happen 
"nor yet clea1. P11ssihle consrrainh are a" follow": 

lr1J Shnrla~c' of capiral fnr the neccs~<1ry plan! 
and infra,1ruc1 urc: 



(b; Problems in cbtaining uil and gas ai the right 
prices to scn·e as feedstock (this is ob\iously less of a 
pro!:>km for countries such as thGse in the \\.estern 
Asia which ha\e their 0v.n fossil fuel supplies): 

tc) Shortages ,lf -{UalifieJ labt.rnr. especiall~ skilled 
research µeo;;k: v.t>,l will be increasingly needed in the 
industry on~r the next decade: 

(d) Problems i11 establishing joint \·entures with 
the large transnational corporations which are often 
inrnlved in chemicals project planning. 

Table IV.20 pro\·ides estimates of likely sales 
growth in specific regions bet"'°een 1987 and 1995. 
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As noted above. the industry has a public relations 
problem in presenting itself as an industry that can 
adequacely deal with the em·ironmencal impacl of its 
acli\·ities. Much will depend on che degree to which it 
a•oids large em·ironmental accidents (such as those at 
Sc\·eso and Bhopal or the Sandoz accident on the 
RhineJ. and can involve itself ~ilh ecologically sound 
projeccs such as plascics recycling. h needs to prove 
thal it is a good panner for the communicies 1ha1 
provide its work-force and live around its planes. 
From a purely financial poinl of \·iew, increased 
concern with che environmenl will manifesl ilself in 
forcing the industry to spend more money on an1i
pollu1ion technologies and projects. 

(c) Balance be11 .. ·een speciality and commodity productJ 

The industry as a whole has moved towards 
specializing its produce composition. However, nol all 
companies in the industry have been able to prove 
that they have the marketing and research resources to 
make a success in specialily chemical:>. For many 
companies there will be a question mark over this 
elemenl of their strategy once che pace of increase in 
the price of r11any chemicals has :o;lackened off, giving 
rise to spcculacion chat both prices and profits could 
collapse in the mid-1990<1. Al pre:>ent, there is no s;gn 
that this is going to happen. More likely, there .,._;11 be 
an orderly smoothing-off of price increases. a "soft 
landing" according 10 industry cerminology. A:>suming 
that ~his happens. the outlook for the induscry will he 
generally good a:> ii moves inlo the 1990s. 

8. Shipbuilding industr~ (ISIC 31.$1 )* 

The hist.lri.:al de\elopment of che v. orld shipbuilding 
induslr~ ha!> been chara.:ccrized by shore-term cx,mo.nic 
changes and long-cerm te;;hnological impro,emenb. 
Scrong grnv. th in the l\\encieth century is behe\ed Ill 
t>a\e been caused b~· the exceptional de·.eiopment Llf 
the \\Orld economy. Since chc Second World War. the 
de\·elopment of shipbuilding has been associaced with 
relocation towards countries wich lo\\er labour coses. 
This prl°1cess tL1tlk place in 1938 and again in 19-:'l. for 
example. in 1939 ship production in Japan was aboul 
one third or t.:nited Kingdom ship productitm. Bue by 
1971 Japan had become the world leader. accouncing 
for more than one half of weal \\orld produccion. Al 
che same cime. the ljniced Kingdom. che leading ship 
producer in 1938. built only one centh of che amount 
of Japanese production in 1971. The tendenq to 
relocate shipbuilding capacities from de\eloped to 
de\·eloping countries such as Brazil. China. Singapore 
and Republic of Korea cominued after 1971. '.\1easured 
b~ gross tonnage. the Republic of Korea launched 
0.1 per cenl of lhe ne\\ ships in 1972 and about 28..l 
per cenl in 1988. Taiwan Pro\·ince launched about 
0.5 per cent in 1972 and abouc .i.O per cenc i;; 1988 . 
Brazil launched 0.6 per cenl and 2.2 per cent. 
respecti\·ely. The performance of the United Scates 
wao; 2.3 per cent and 0.1 per cent. the United Kingdom 
.i.6 per cent and 0.8 per cent. Norway 3.6 per ce-nl and 
0.3 per cenl and France .i.2 per cenl and 0.8 per cent. 
respectively. Since the end of che shipbuilding boom in 
1974. Wescern Europe and Japan have faced a 
considerable decline in their shipbuilding induscries, 
whereas the Republic of Korea has become one of the 
leading producers of ships. 

The de\·elopment of the world economy along with 
expanded incernational crade are the main facwrs 
affecting che developmenc of the world shipbuilding 
industry. ln1erna1ional trade remained buoyanl in 
1989 afcer remarkable growlh in 1988. According lo 
GA TT. che rnlume of crade increased by a further 
7 per cent, Cllmpared wich 8.5 per cent in 1988 and 
6 per cem between 1983 and 1989. World sea-borne 
crade increased by 5.5 per cenl in 1989 afcer a growlh 
of 6.2 per .:ent in 1988. Crude oil shipments increased 
by ab,1u1 9 per cenl and iron ore and coal shipmenls 
reached new records. Only grain shipmencs decreased 
marginally in 1989. The supply of new tonnage. 
chough higher char. in 1988. remained low. and chcre 
were further decreases in sales for demolition as well 
as in lay-up and storage tonnage. This resuhed in the 
increase of che world flc:el in 1989 by ahoul 2.5 per 
cenl. The tanker tonnage balance impro\·ed furcher 
and freight rates for tankers reached high levels in che 
second half of 1990. Similar movemenls occurred in 
freight rates for dry bulk and gas carriers. Generally. 
the price:> for new building and second-hand lOnnage 
moved upwards. wich che strongest increase in new 
tonnage. Posicive fucurc.• prospects caused an increase 
in new building orders. especially for tankers. 

In general, world :>hipbuilding advanced strongly in 
19!i9, incroducing new confidence borne oul by lhe 
increase of new orders and vessel complecion:>. In 
order to explain these developments further. the 

•1""111>0 "'~"""ledge' the '"ntrihutonn maJc h\ <• Cc11ni•. 
l>1rc(le1r. Y11Jl•"I"' llank fnr lntcrn.ltlcinal Cn-e1pcrat11•n. Y1111n•l.1\l,1 
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following three maj.1r as~ts of the industr• must be 
examined: gn>wth <lf world sea-borne traut": de\·el
opment of the \hlrld tleet: and the structure of 
shipbuilding capacities. 

The most important factor in the expansion of 
shipbuilding production is the demand for new ships. 
which is determined by the demand for shipping 
scn·iccs. and which therefore depends on both the 
total quantities o~ goods that arc to be transported 
and on the structure of the goods. It is estimated that 
about 80 per cent of world merchandise trade is sea
borne trade. This trade had a strong upward trend 
from the mid-1960s. although u began to slow down 
in the 1970s. After reaching a peak in 1979. it declined 
mainly because of the retrenching of oil transport. 
After 1983 the upward trend was re-established and 
has persisted since then. On the basis of trade ,-olume. 
table IV.21 shows that world sea-borne trade in 1989 
reached a record level of 3.877 million tonnes. 
Measured in tonnes per mile as gi,·en in table IV.22. 

ftblc rqi. ii2lis of world S«-bo!'!!t tu!lc 15-1~' 

Its CUqo l'ua!IUl!t PtrallUqe 
__*1_ ......... 

1975 19IO 1911 1919 1'119 l'll0-19'9 i.Ml-19'9 
I ailli- of tOllll!S) 

otller CKqo 995 1 l!O l t60 1 S40 39.7 17.6 !.~5 

-::r1* 01! 1 26) l~ 1 042 1 US 29.l -u.o .., 
Iron ort 292 lU '!I )57 '-2 ll.7 2.6 
Oil prDlb:ts m 276 l2S )JS u 21.4 j.l 
Coil 127 111 )04 m I.I 67.6 ).6 

Cl"iil 137 191 196 19!1 s.o - l.S -<l.S 

!orlL ) 047 l '°' l 67S un 100.0 7.S s.s 

:imim= Fwnlm lnjn 1"2 (<Slo, fNrllRWrdl, 19901, pp. l-4. 
ti Est;111ta for 1919 ut blsed Oii ~tistic:s for tbe fint 9 to 11 IOlltbs 

ot tllit yeir for tbe at i....,runt ~ies llllll tbe specirild a.idities, 
suwlmsted •itll dlU tram otficiu - ~iu sourees. "Otlllr Qrll0° 
estiuta ut lliSed oa 11Crld tridt qrUlltll • i.sicitld by official 50l1rtll!S .S 
fleet diti. 

Itta 

cr1ldt oil 
otaer urqo 
Iroa on 
Ceil 
Oil pr*U 
Cl"iil 

!orlL 

Clrqo ~rcntiqf ~CCAt.lqe 

__*1_ -.dliB.----
1975 mo 1911 1919 1919 1910-l919 1'11-1919 
fbillioas of tonnes per llilt) 

------------ --

I US 1219 S 06S s 620 14.6 -ll.6 ll.0 
2110 ) 720 • 040 • 270 26.J 14.1 S.7 
l t7l l 6lJ I 919 l 96S 12.l 21.1 2.4 

'" ~i 171' I 7IO il.O 17.0 J.S 
m I 020 l us I 490 9.2 46.1 J.I 
7)4 I Ol7 I 117 I 110 6.1 2.1 -<1.6 

IS l6G 16 611 IS JOI) 162JS 100.u -2.) 6.1 

:imim: r.WPIDU&Jm ... UU (Cislo, FNl'lll'esarcll, 1'901, p.4. 
lfm: I mlt' 1.61 kila.trts. 
11 "ti111tes for 1919 u~ blsed oa sutistics for tilt first 9 to II -tb: 

of tllit yuz for tilt at ilpOl'tillt ONltlits llllll tilt sp1eifitd c1•1ehti•. 
S>Wl..i.d witll dlU fl'Oll offici1I .S ~i•l -*· "OUler etrq0• 

•t:..tes IJt bllid OI world trldt qrowtll M illdic.tUd by OtfiCllJ --~ llld 
fleet dlti. 

1118 

world sea-borne trade increased by ti. I per cent frvm 
the l 9SS !e,·el. but is still below the lc\·ds recorded in 
the period 19i6-1979. The total weight transported in 
19~9 cnnsisted of the folio·., ing goods: crude oil 
129 per cer.~ :. oil products 19 per cent). iron ore (9 per 
cent). coal 18 per cent). grain 15 per cent) and other 
cargo 1.io per cenll. Low-\alue c.1mmodities ob\·iousl~ 
doP.tinale world sea·bt)rne trade. Howe\"er. trade in 
higher \alue products has increased e\"en more than 
trade in raw m;!terials. In sea-b..1rne trade this i~ 

reflected primarily in the increasing share <lf container 
\·essels in total tonnage shipments. 

(a) Crude oil Jhipmt•nrs 

Crude oil shipments han~ increased b~ !!.9 per cent 
from I .W2 miliion tonnes in 191!8 to l.l 35 million 
tonnes in 1989. and shipments of oil products from 
325 million tonnes to 335 million wnnes. The 11 per 
cent increase in OPEC oil production in 191!9 con
tributed mostly lo their increase. as did the excep
tional 15 per cent rise in crude oil imports into the 
United States. The impro,·ement in demand and the 
reduced supply of tanker tonnage during 1989 led to a 
gradual lengthening of the charter period for tankers. 
For the first time since the mid-1970s. periods of five 
years or longer have become common. Between then 
and 1989. when the spot market was poor and 
tonnage readily available. the charter period was 
usually not longer than a year. The continued strong 
demand for oil tonnage and changes in the c:hartering 
market were responsible for the impro,·ement of the 
oil tanker demand-and-supply balance. Measured in 
tonnes per mile. shipments of crude oil and oil 
products increased by 9 per cent. while the tanker fleet 
increased by only 3 per cent. At the same time. laid-up 
tankers decreased from 2. 7 miilion to 2.3 million dead
weight tonnes. compared with the peak of 55.8 million 
dead-weight tonnes reached in 1982. The tankers used 
for the storage of oil were also reduced by 0.6 million 
dead-weight tonnes lo 9 million dead-weight tonnes in 
1989. A peak was reached i~ 1981 when 20.1 million 
dead-weight tonnes were used for the storage of oil. 
By the end of 1989, tanker owners almost without 
exception expected rate levels to rise in the crude oil 
transport market. 

(b) Dry-hulk .shipment.s 

Dry-bulk shipments increased in 1989 by a modest 
2 per cent. after a 7 per cent rise in 19~8. Iron ore 
shipments increased by 2.6 per cent, au1 coal ship
ments by 3.6 per cent. while gr"!in shipments decreased 
slightly by 0.5 per cent to 195 million tonnes. well 
below the record of 207 million tonnes in 1984. In 
1989 there was a n1arginal rise of 0.4 per cent in world 
steel production by 0.4 per cent and a slight decrease 
in the United States. together with an increase in 
Japan and Western Europe. as well as in the Republic 
of Korea and Taiwan Province, which. being heavily 
dependent on sea-borne iron imporb, increa,ed their 
volJmes of iron ore shipments. Rising oil prices and 
less emphasis on nuclear power ~ources in Europe 
increased the demand for thermal coal. Continuing 
grain purchase~; hy China. Egypt and the lJSSR 
together with grain demands fr1>m .-\lgeria and Turkey 
kepi 1he demand strong for tonnage, with a con-



sequent rise in freight rates. The total bulk carrier fleet 
increased by about J.5 per cent. \\ hereas the fleet of 
combined \'essels \\as marginally reduced. Laid-up 
bulk '-.!rriers decreased fr,lm 0 9 milli,in to 0. ~ million 
dead-weight tor.nes. and the bulk carriers used for 
stora2e r-e::.:·h·· :! ::. !"w lnel 0f 0. 7 milli,,n dead-weight 
tonnes. Bulk earner demand and supply thus moved 
towards an impro\·ed balance. 

Adjustments in the major industrial sectors caused 
the categories of goods transported to be considerably 
modified in the 1980s. The share of goods such as oil. 
raw materials and primary products has been reduced. 
while the quantity of other cargo hils increased. The 
latter are goods that can be easily transported but 
require ser\'ices of a higher quality. The higher le\'el of 
ser\'ices and a lower need for product standardization 
also influenced higher price le\·els per tonne. In 1989. 
trade in manufactured goods increased more sharply 
than trade in raw materials !except crude oil). Other 
cargo shipments increased by 5.5 per cent as a result 
of the positi\'e de\'elopment of world trade, particularly 
trade from South-East Asia. Almost all of the main 
commodities such as minar bulk commodities. lique
fied gas and chemicals. ro-ro cargo. container cargo. 
cars etc. should also ha\'e strong growth in 1989. The 
total fleet increased by only 1.5 million dead-weight 
tonr>es, and the laid-up tonn:tge decreased from 
2.5 million to 1.5 million dead-weight tonnes. Two to 
three years ago. freight rates for ocean container 
transport were about one third lower than at the 
beginning of the 1980s. A rise in rates became 
apparent in 1987 and continued during 1988. This 
fa\'ourable de\'elopment in shipping re\'enue continued 
in 1989. with container shipments increasing by at 
least 6.5 per cent. 

2. Th~ world jlut 

The expansion of the world shipping fleet in the 
twentieth century has been \'Cry dramatic; the number 
of ships increased fivefold. their tonnage more than 
sixteenfold, and the average ship size about fourfold. 
The total world gross tonnage of the merchant fleet 
was 62.3 million in 1923, increasing 6.6 times to 410.5 
million in 1989. The following increases occurred in 
the fleets of the following developing countries or 
areas: Argentina 11 times. Brazil 13 times. China 
61 times. Greece 29 times. Hong Kong 24 times. India 

(from 194Sl 20 times. Republic of Korea (from 1960) 
7)': times. Saudi Arabia (from 1960) .17 times. Taiwan 
Pro\·ince 23 times. Turkey 56 times and Yug,,sla\'ia 
30 time!>. Much higher growth was recorded in de\el
oping countries with an open-registry fleet such as the 
Bah:imas. Cyprus. Liberia and Panama. In 19S9 about 
one third of the world merchant fleet was registered ir. 
those four countries. although only I per cent of the 
registered ships had their national domicile in Liberia. 
4 per cent in the Bahamas. 9 per cent in Panama and 
11 per .:ent in Cyprus. 

The most dynamic period of world fleet de\·et
opment was in the 1970s. when the a\'eragc annual 
rate of tonnage growth tonnage was 7.4 per cent. In 
that period se\·en ships were built with more than 
500.000 tonnes of capacity each. and ships of I million 
tonnes were planned. In a IO-year period the tonnage 
of the world fleet doubled. producing O\'er-capacity in 
tonnage supply. As shown in figure IV.4. a peak was 
reached in 1982 and after that year the total tonnage 
of the fleet declined for six consecuti\'e years. 

As refle.:ted in table IV.23. the recent growth of the 
world fleet started in 1988. with an increase of 
6 million dead-weight tonnes. after a decrease of 

Figure IV.4. World fleet, 1975-1990 
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I~ll II.~~. 11!2[ld U~l. l!Za•/ 

ltlll llln>tr of Ships and tonnaqe Percentaqe Percen taqe cl\anqe 
~llt~ 

1975 1980 !988 1989 1990 1989 1980-l'l90 !?89·!1% 

Oil tankers 3 406 ( 254.l) 3 071 (326.8) 2 488 (228.9) 2 529 (212.1 ) : 580 (239.lj 10. 9 I 19. Ii ·!6.0 1·<6.8i HIJ.;i 
Ccdlincd 186 I 42.I J 4i0 I 48.2) 211t I n.11 284 ( ll.l) m 1 32.lJ UI ~-~I ·JU l·ll.~" ·2. l I· J.:: 
carrim 

Bult carrltrs 2 992 ( 97.8) 4 020 (137.7) 4 6~ ( l~l.2) 4651(1955) 4 729 (202.5) 10.0 I l2.. I !U ( 4; li l.7 I U! 
othrrs 1l 579 I 99.7) 15 m 1125.2) 15 692 ( ll2.2) 1 516 (ll2.9) 16 010 I m.O) .:. 5 I <2.4 I J. 8 I UI '~'. 4 I ur 

-- - -- - -- - -- -- -- - -- -
TOl'lL 10 36.l (49J.9) 22 94i (617 .9) 23 122 (588.0l 2? 280 (m.R) 21~!7(~~9!) ion.' (I ·Jo. o' 2.9 i· 4.5) LC I :.6: 

---- --------· 
~= fMm!m kYlt!! 19'9 (OSio, reammeardl, 1990), p.J5. 
W: riqum in P'rftlttieses rf'l)ment tl'l>llSdllds of dead·w:qht tonMS. 
I/ r .. t1rs, milbiftfd rarriers and bulk carriers ~rise ves.•ls or <N'r !0,L '0 dNd·,~i11t ronnl!'. "Oth!rs" l'.tlf\lri~ ~ll ~!Mr ~"'~'1'1r-; 

carv>-carryinq wsse1s of 0vtr 1,000 qross tonn•. 
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bl miliion dead-weight h>nnes cumulati\e since !'J~C. 

In 1989. the \\,>rid tieet increased by 15 milli,in dead
weight h>nnes. or ab,,ut 2.5 per cent. Tanker t<lnnage 
increased by ah,>ut 3 per cent and hulk carriers h~ 
about J.5 per cent. \\ hik the c,,mbined carrier tleet 
decreased by _\ per cent. Other ships I fohing \ es~eb. 
ferries. passenger ships. supply boats. tugs. ice-breakers. 
research ships and non-commercial \'essels) increased 
in wnnage hy about Lt> per cent after a long peri,,d •if 
stagnation. 

As rdlected in table l\'.:!4. the deli\·ery nf ne\\ 
shipbuildings in 19XX \\as at the lowest lnel -;ince 
1%4. when 14.l> milli,m tonnes \\ere deli\'ered. In 
1989. there \\as an increase to 18.8 million tvnnes of 
new deli\'eries. About 8.8 million tonnes were tartkers. 
which was the highest len!l since 19"'8. but \\ell bel,m 
the lewis reached in the years preceding 19..,8. T!le 
ne\\ deli\·eries of c;•mbined carriers decreased fn>m 
36 7.f)()(} dead-weight tonnes in 1988 to t> 1.000 in ! 989. 
Bulk-carrier deheries in .. •eased from 4 milli.m dead
weight tonnes in 1988 to ti 5 million in 1989. and 
deli\·eries of other ships increa•ed from 3.2 million to 
J.5 million dead-weight tonnes. 

In the mid-1980s. and espec ally in 1981\ and 191\9. 
the strong trend towards scrapping ships was sharply 
reduced. In 198f.. sales ft>r demc lition reached 5.8 mil
lion dead-weig!n tonnes. compared with 16.3 million 
in 1987. In 1989. sale" for demolition decreased to 
3.3 million dead-weight tonnes. One oi the strongest 
factors prolonging the li\'es of old ships in the past few 
years has been lower shipbuilding capacity. Stronger 
markets and impro\'ed shipowner confiden .. e have 
also inf.uenced the decision to postpone scrapping. 
Rtduced demolition has caused an aging of the world 
!leet. so that a \·ery large increase in demolition sales 
can he expected o\'er the next few years. 

In 198X. the laid-up tonnage was dramatically 
reduced tn 6. 7 million dead-weight tonr.es from the 
1982 peak of X0.2 million. A further sharp reduction is 
not expected. although a slight decrease will continue. 
The tonnage of laid-up ships was reduced by about 
one third in 1989. Only foe tankers. aho\'e 2 million 
dead-weight tonnes. remained laid up in December 
1989. against 168 in December 198:!. Gi\·en that 
surplus. many ships were used for storage. particularly 
tankers. The use of tankers for storage. esp~cial1_1. 

tankers and combined carriers. •\·as further reduce<l 1n 
1989. In January 1990. among 64 ships with 9. 7 milhnn 
dead-weight tonnes used for storage. 4X were tankers 

"ith 9 milli•>n tl•nnes. 15 ships. •'r ah•'Ut - per cent ,,f 
the 1t1r::age. \\ere bulb. carrier'. and ,1ne shir \\a' a 
._;,,mbined carrier. 

"e\\ building 11rdc:r' in.:rea,ed fr1•tll 1-.:; milh,,n 
dead-weight !linne, in 1%S "' ~2.4 m1lh•>n m !9"-4. 
reaching the highe't le\d 'm.:e ll)Stl. Order' f,ir 
tankers mcreased fn•m 5 _r, mi!li,in l<• 1- milh<1n dead
"eight t.mnes. reachmz the: highe,t le\d 'ince the 
mid-19".'~. and bulb. carrier \lrde1' .ncre;hed fr,,m 
8.1 million to l'.4 milli,m dead-\\e1ght h•nnc:,_ In 19!\9. 
0. ~ million dead-\\ eight tL>nne' ,,f c.1mbined carrier, 
were ordered. in additi,1n 1t1 t>.J milti,in ,1f ,,ther \e,~el 
1~pes. c.impared \\ith 3.S millwn m 19l'S. The ""rid 
l1rder bnok reached it, highest k\el since 19S2. 
jumping from 3t>.X in 198S Ill 511_(> in !9X9. The 
\ l•lume ,,f tanker' on ,,rder increased fr,im 1-. .i mill1<rn 
to 25.2 millinn dead-\\eight tonnes. combined carriers 
from 0.1 million to 0.: million. and bulk carriers from 
12. 9 million to 15.) million. The order b,iok for <lther 
ships also increased from 6.5 million 1,1 9.J miltilm 
dead-weight tonnes. with a strong focus on C•>ntainer 
ships. At the beginning of 1990. the world order book 
amountc>d to about 8 per cent of the e."<isting world 
fleet 1(1). p.31. 

The age analysis of the world reet b~ Lloyd·s states 
that the percentage share of ships under 10 years old 
declined from 62 per cent in 1979 to 36 per cent in 
1989 ([2). p.5). The Federal Republi·; of Germany has 
the most modern fleet with 70 per cent of its ship~ 
under 10 years old. followed by Japan with 68 per 
cent and Belgium with 67 per cent. The oldest fleet is 
that of Canada with 59 per cent of its ships O\er 
20 years ol<l. followed by Saint Vincent and the 
Grenadines with 46 per cent. Fearnresearch estimate~ 
that the a\'erage tanker age \\as 12. 7 years in January 
1990. compared with 12.3 year> in January 19X9. The 
a\'erage age on the dates mentioned \\as. respecti\·ely. 
13.2 and 12.4 for combined carriers. and lll.7 and IO. I 
for bulk .:arriers IP). p.13 ). 

(a I F/et'f capaclfl in rhe dnelnpin~ cnunmet 

The regional distribution of the total \\orld tleet 
gi\'en in figure l\'.5 sh""' OECD 131.6 per cent). 
de\'eloping co uni ries ( 20. 5 per centl. npen registers 
(35.4 per cent). CMEA (6.6 per cent) and .>ther 
grnupings ( 6 per cent). The share of de\ c:lnping 
( ·1ntrie' in the total world fleet at the beginning of 
1989 wa~ 20.3 per cent. Regarding indi' idual cate-

ttl!le xv.21. Deliveries of M!!lJ built sllips 1975·i!J89!li 

190 
' 

!!SI biler of ships 

------~---

1980 1988 198'1 1980-1989 
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Bulk mrrier.; m ! 8 241) m ( 4 Mil} !i6 ( J 956) ~ ( ~ 46ll l6.4 (JU} ·29.6 i Jl .61 64.li i 61.4; 
O!llf!l 621 ( 5 630) 544 ( 6 2411 368 ( J 170) 407 ( l 4~71 70.! ( 18.4) ·2~.1 : -44.~. !~.~' i.1. 

'lll!'ll. l 169 (61 8511 786 (18 4~1 51& ( 14 ~791 ~o ( 18 76'11 100.0 r 100.01 -2U I 2 n ~ 12 4 I ~B.1: 
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Rgure IV .5. Regional distribution of the total world fleet. 
January 1990 
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gories. they held 26 per cent of the world total for 
bulk and ore carriers. as well as 24 per cent of the 
world total of the container-\essels fleet. Thn also 
held an abo\e-a\·erage share of genera' cargo -ships. 
with 24 per cent of the worl<i total. In Januarv 1989. 
tleet of de\eloping countries consisted of 7.927 ships. 
Of that total. there were 1.072 bulk and ore carriers 
with 39 per cent of the total dead-weight tonnage. 
1.321 tankers with 29 per cent. -U7 3 general cargo 
ships with 19 per cent. 57 ore. bulk and oil carriers 
with 5 per cent, 293 container vessels with 5 per cent. 
and 811 remaining ships "'ith .l per cent. Concerning 
the size class. 19 per cent of the ships in the fleet of 
de\eloping countries fell between 100.000 and 200.000 
dead-weight tonnes. about 11 per cent were between 
20.000 and 30.000. and about 9.5 per cent exceeded 
250.000. 

.-\t the beginning of 1989. the biggest fleet in Latin 
America was Panama with 77.ti per cent of the total. 
followed by Brazil with HI.ti per cent ar.d Argentina 
with 2.9 per cent. Abo\"e 0.5 per cent of the Latin 
American total are the tleets of Colombia (0.6 per 
cent). Ecuador (0.ti per cent). ~fondura~ (0.8 per cent). 
Peru (0. 9 per cent). Chile ( 1 per cent). Cuba ( 1.2 per 
cent). VenelUela ( 1.5 per cent) and '.\1exico ( 1.9 per 
cenc ). It should be remembered that the percentage of 
domiciled owners in Panama i~ about 8.5 per cent of 
the total fleet of Panama. By type of ship the total 
Latin American fleet consists of nne third of bulk and 
Me carriers. J0.5 per cent of oil carriers and 22 per 
cent of general cargo ships. Latin American !lags 
accou;;; for 15 per cent of the wtal world t1eet. 

The biggest fleet in Africa is that of Liberia. with 
1.4 per cent of domiciled o\\ners and with 92.5 per 
cent of total dead-weight tonnage. As in Latin 
America, first place falls to countries ha\ing open 
n.gistry. Fleets of more than 50.000 dead-weight 
tonnes were registered for Angola. Cameroon. Cbte 
d'lrnirc. Ethiopia. Ghana. Madagascar. Sudan and 
Zair:. with a share of between 0.1 and 0.2 per cent of 
the total African fleet. !\fauritius had a fleet of 174.000 
dead-weight tonnes or 0.2 per cent. South Africa 
27.l.OOO or 0.3 per cent. Tunisia 444.000 or 0.5 per 
cent. Morocco 5.H.000 1 ') 6 per cent. !'ligeria 771.000 
or ll.!i per cent. :\lgena 946.000 or I per cent. l.ib~a 
l.4ti0,000 or U per cent and Egypt I .6x6.000 ,,r 
Ui per cent. 

Open-rcgi,lr\ !lcch rn.:rcased further in 19XIJ. The 
19XI> I 'nited '"a!i•lll' C.1ment1on 1111 C1mdl!11111' for 
Rcgi,trati11n 11f Ship·, ha' not y~t come intn force and 

ihen: is onl~ a .;mall .:h:!n.:e that it "ill soon be 
applied. In the mean time. O\\ ner~ r ;gi~ter their ~hip~ 
in open-registr~ .:0untries. thus aHiiding the .:0sb and 
the rules they ha\e to 0bcy in their O\\ n c0untries. The 
\\ orld 0pen-registr~ t1eet 00 I January 19:-19 .;,ms1~ted 
01 '.'.049 ships_ Liberia had a fleet oi 1.399 ships \\ith 
41.2 per cent 0f ttJtal the total dead-weight tonn:i.l!e ,if 
worlJ Gpen-registry tleets. Panama 3 . .;92 ships -with 
32.6 ··er i;ent. Cyprus I.283 ships with 15.3 per ::ent. 
Bahamas 486 ships with 7.--l per cent and Bermuda 
89 ships with 3.5 per cent. Concerning the prnblem of 
tleet O\\ nership. L10yds Register of Shipping found 
that in 1989 ,1\\ners from C'.\tEA countries and 
.:ountries such as ~razil. India and the Islamic 
Republi.: 0f Iran did not. as a rule. change the habit of 
registering ships under their uwn flag. The countries 
or areas with the biggest percentage of ships registered 
under foreign !lags are Hong Kong "ith about 90 per 
cent. Greece 57 per cent. Japan 56 per ce-nt. Federal 
Republic nf Germany 50 per cent. L'nited Kingdom 
50 per cent. Singapore 47 per cent. and l:nited State~ 
41 per cent. Hong Kong and Singapore ha\e the 
highest percentage of foreign-owned ships under their 
flags. with 63 per cent and 49 per cent. respecti\ely. 
Taking the domicile of shipping companies into 
account. the actual size of OECD countn fleets is 
alm0st two thirds of the total world tonnage .. comp<> red 
with one third operating ur.Jer the flags of OECD 
countries. 

At the beginning of 1989 Arab countries had a fleet 
of 13.6 million dead-weight tonnes. Saudi Arabia had 
about 28 per cent registered under its flag. Iraq 12 per 
cent. Egypt !O per cent. Kuwait 10 per cent. Cnited 
.-\rah Emirates 9 per cent. Libya 9 per cent. Algeria 
7 per cent. '.\1orocco 4 per cent. Lebanon 4 per cent 
and Qatar 3 per cent. Among the rest. about 4 per 
cent "ere fleets of Bahrain. Democratic Yemen. 
Jordan. '.\1auritania. Somalia. Sudan. SHian .·\rah 
Republic and Tunisia. The six biggest .Arab 'hip-
11wner~ had about 42 per cent of the total tleet 
tonnage of Arab countries. fi\·e out ,if six compan1e'i 
are State-controlled. 

So far as Asia 1s concerned. th~ Republi.: of Korea 
and Taiwan Prmince had the biggest gains in th.:ir 
fleets. "ith ~tobstantial amounb of ne\\ tnnnage 
already on order during 19X9. '.\1yanmar almost 
doubled its fleet. with 8Nl.OOO dead-\\eight tonnes nn 
: January 1990. cmr.pared with 480.000 on I Januan 
1989. Thi: growth \\as the result of a policy aimed ~t 
encouraging hareboat charters. Japan and China had 
the bigge't single fleet increases under Asian flag~. 
equi\"alent to. resrecti\"ely. 6.4 per cent and J. 2 per 
cent of total world tonnage. 

(b) The nil tanku t7et•t 

The world merchant fleet is current!~ ..:omposcd ,,f 
the following types of ships: oil tanker' I 39.3 per 
cent l. ore :i.nd bulk carriers ( .lJ.2 per cent). comhmcd 
carriers (5.J per rent) and other \"esseb (22.2 per cenO. 
'.\111st of the tankers \\ere in the 200.000-tnnne' 
categor~ and abme. v.ith 410 ~hips totalling 114. ! mil
li11n dead-weight tonne'. There \\ere ah11 24'." tanker' 
nf bet\\een llH,,0011 a!ld 150.000 dead- .... e1ght ,,,nne' 
111talli11g .11..l m1li1.in dead·\\e1ght tnnnc,, .12.i ,11,r, ''' 
het\\ecn X0,000 arid 100,000 tonne,'t,italhng Jl..l n11l
li11n. and 7.i5 ,h'rp' nf bet\\ecn 25.000 and 50.000 

l'Jl 



tonnes totalling 25.6 million. The largest ship in the 
world is the oil tanker Hellas Fos registered in Greece 
with 555.051 dead-weight tonnes. A ranking of coun
tries by size nf tanker fleet appears in table IV.25. 
Over 73 per cent of world tanker tonnage is to years 
of age or more. 
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'htlt IY.25. l!ajor world tanker fleets. 
JL'l!!iri 19')0 

CDlmtry Dead-wj!Et tOllll!S 

or area lil!ions Pm:entq sllare 

Lilluiaff Sl.9 27.1 
p~/ 22.Q 11.4 

Gma! 16.5 1.5 
United states 15.9 1.2 

Japill 14.4 7.4 

lorvay 13.1 7.1 

Babausf/ 11.7 6.0 

~ 11.4 S.9 
6.6 l.4 

USSI 6.4 l.? 

United liJll)llm u 2.5 

IWy 4.4 2.l 

Ci.briltar 4.1 2.1 

Demark l.9 2.0 

Ftil!Ce l.I 2.0 

'.IUTlL 19).6 100.0 

~: Uoyd's tieqisUr of Sll.ippinq, 
~ (Lolldoll, 1990), p.5. 

If apen-nqistry fleet. 

Table !V.26. Develqpjng C-O!!lllri !joker fleets .lm!ari 19')0 

c.ountr; ~ad:!!ti91lt t2DM:i !ilm tonnaae 
or area Iii lions Percentq li!lioas PemnUqe 

sllare sllire 

Iran (!slwc 
~lie of} u !6.2 l.l 11 ~ 

Bmil ),) 1.6 1.1 1.7 

India ).0 7.9 1.7 1.2 

auua 2.1 7.l 1.1 •. 7 

llilta 2.6 6 s 1.4 6.7 

Saudi Arabia 2.l 6.0 1.2 5.a 

lulfait 1.9 5.0 1.1 5.3 

Iraq 1.6 4.2 o.a ).9 

lepiblic of Korea 1.5 3.9 0.1 ).9 

'.l'Urtey 1.5 3.9 0.1 l.9 

Boaq Koaq l.4 ).7 o.a ).9 

Libyan Aral> Juahiriya I.: 2.9 0.6 2.9 

Indonesia l.O 2.6 0.6 2.9 
Taiwan ProTinr• 1.0 2.E 0.5 2.4 

Arqentiaa 0.9 2.4 o.s 2.4 

11e1ico 0.9 2.4 0.5 2.4 

ltilippilles 0.1 2.1 0.4 1.9 

Dllited Arab r.airates 0.1 2.1 0.4 1.9 
Venezuela o.a 2.l 0.4 1.9 

YuqPllHia 0.5 l.l 0.) 1.4 

Eqypt 0.5 l.l 0.2 1.0 

liqeria 0.4 1.0 0.2 1.0 

Yem Arab lepllblic 0.4 1.0 0.2 1.0 

l't:ll 0.) o.a 0.2 l.O 

llilaysia O.l 0.1 0.2 1.0 

kwdor 0.2 0.5 0.1 0.5 

loDl!uras 0.1 0.3 0.09 0.4 

alba 0.1 O.l o.oa 0.4 

TOrAL Jl.2 100.0 20.n 100.0 

~: Uoyd'' teqimr of Sllippi11q, st.atishCA!. hblcl 1919 
(Londoa, 1990), p.5. 

The share of deve:oping countries in total tanker 
dead-weight tonnage increased marginally from 15 per 
cent in 1989 to 15.2 per cent in January 1990. 
Ei.cluding the open-registry fleets. table IV.26 sug ~ests 
that in dead-weight tonnage measurement. the Isla. tic 
Republic of Iran has the largest tanker fleet :it 
6.2 million dead-weight tonnes. Brazil. China and 
India ha\e fleets of approximately 3 million dead
weight tonnes each. Among developing countries with 
a small fleet or even a tanker are the following: 
Algeria. Angola. Bahrain. Banglade~il. Cape Verde. 
Chile. Colombia. Cote d'hoire. Democratic People·s 
Republic of Korea. Dominican Republic. Ethiapia. 
Fiji. Gabon. Ghana. Jamaica. Lebanon. Madagascar. 
Maldives. Mauritius, Myanmar. Pakistan. Papua New 
Guinea. Paraguay. Sierra Leone. Sri Lanka. Sudan. 
Surinam. !unisia. United Republic of Tanzania. 
Uruguay and Viet Nam. 

(c) Ore and bulk carrier fleet 

On I January 1990 the ore and bu!k carrier fleet 
accounted for 33.2 per cent of the total dead-weight 
tonnage of the world merchant fleet. The biggest ships 
in this group are bulk carriers of 200.000 dead-weight 
tonnes and more. with some 31 ships totalling 7.2 mil
lion dead-weight tonnes. There were 289 bulk carriers 
of between 150,000 and 200.000 dead-weight tonnes 
totalling 40.8 million dead-weight tonnes. ,;g ships of 
between 80.000 and 100.000 tonnes totalling 3.3 million. 
and 4,372 ships of between 10,000 and 80.000 tonnes 
totalling 152 million. Table IV.27 provides a summary 

Ti!Jle IV .27. !iorld ore and IN!k c.v:rier fleets. 
Januaey 199Jl 

country ~tonnes 
or area lillions Put:enuqe sbare 

p- ll.4 15.7 
Liberia 27.4 1).7 

Gniece 11.) 9.2 

J.- 17.) a.1 
Cypr1l5 15.9 a.o 
locuy 12.4 6.2 
l'llilip;iaes 12.4 6.2 

aw.. I.I 4.1 
ll!pll>lic of Jore.i I.I 4.l 
llollq Jonq 7.1 ).9 

ossa 6.6 ).3 

llmil 6.0 ).0 

lndia ~.2 2.6 
Tiilllll ProTilloe ).7 1.9 

SilllJIPOrt ),7 1.9 
fUllOllHia ).) l.7 

TllrUy 2.5 1.3 
lllu 2.0 1.0 
1r111 (lllaic 
bplblic of) 1.7 ~.9 

S&iat Viant 11111 0.9 0.5 
kqa!Wi 0.1 0.4 
V-.tu 0.1 0.4 
Gika!W" 0.7 0.1 

IJllioaof tt- o. 7 0.4 

~le 0.6 0.3 
llllaysia 0.6 O.l 
flly;>t 0.6 0.) 

TOrAL 199.5 100.0 

&ll: r......uua k!iai 1212 10510, 
r..--rdl, 19901, p.1s. 



of the si1e (•f the on: and bulk lleets for the major 
tleet-holding countries. In January 1990 the awrage 
age of a bulk carrier was 10. 7 years . ..\;nong de\d
oping countries not listed in table IV.~7. the following 
had smaller ore and bulk carrier lleets or just one 
ship: Algeria. Antigua and Barbuda. Bahrain. Cay
man Islands. Colombia. Cuba. Democratic People's 
Republic of Korea. Dl1minican Rep1Jblic. Ecuador. 
Honduras. Indonesia. Jamaica. Jordan. Lebanon. 
Maldives. Morocco. Mauritius. Mexicl1. ~auru. Papua 
~ew Guinea. Peru. Saudi Arabia. Sri Lanka. Tunisia. 
United Arab Emir.nes and \'ene1uela. 

(d) ( ·onraina flt•t'I 

The container fleet accounted for about 4.1 per cent 
of the total dead-weight tonnage of the world merchant 
fleet and 6.2 per cent of gross tonnage on I January 
1990. At the beginning of 1989 the biggest group 
consisted nf 4.J container ships of over 50.0<Xl dead
weighl tonnes totalling 157 .20<) 20-feet-equi\·alent units. 
or 11.4 per cent of the world total. There were 
112 ships of between 40.000 and 50.IXlO dead-weight 
tonnes totalling 308.400 20-feet-equi\alent units. or 
22.3 per cent of the world total. 160 ships of between 
30.000 and 40.000 dead-weight tonnes totalling 
312.000 20-feet-equi\'alent units. or 22.6 per cent nf 
the total. 105 ships of between 25.000 and 30.IX}ll 
dead-weight tonnes totalling 150.200 20-feet-equivah:nt 
units. or I0.9 per cent of the total. and 752 ships 
between 2.500 and 25.000 dead-weight tonnes totalling 
454.300 20-feet-equi\'alent units. or 32.8 per cent of 
the total. Table IV.28 pro\'ides a summary of the 
major container fleets ol the world. The share of 
de\'eloping countries and areas in total container 
dead-weight tonnage increased marginally from 24 per 
cent in 1989 to 25. 7 per cent in January 1990_ The 
following de\'eloping countries and areas had smaller 
container \'essel fleets: Antigua and Barbuda. Bahama~. 
Bermuda, Brazil. Cyprus. Democratic People's Repu
blic of Korea, Greece. Hong Kong. Indonesia. Israel. 
Kuwait. Malaysia. Philippines. Qatar. Samii Arabia, 
United Arab Emirates and Yugosla\'ia. In 1989. the 
biggest growth of container fleets was recorded in 

Anti~ua and Barbuda. Democratic People"s Republic 
llf Korea. Panama. the Philippin~. Qatar. Singapore 
and Taiwan Prmincc_ 

(el f(·rrit'_\ and pant·nga H"Ht'f_, 

The world terry fleet accounted for 0.5 per 1..--ent of 
the total world merchant fleet. measured in dead
weight tonnes a:- of I January 199tl. Al the beginning 
of 1989. the biggest grnup CllO,tsted of 171\ ships of 
m·er IO.l.'!Xl tonnes. totalling .:!.9 million gros:; tonnes. 
There were 3.:!ll ferries of between 5JMIO and 10.000 
tonnes totalling .:!.J million groo;~ registered tonnes. 
and 270 ships of between 3.000 and 5.000 !lmnes 
totalling I. I million gross registered tonnage. These 
three categories accounted for 79 per cent of the total 
ferry fleet. The rest consisted of I. 738 ships of between 
400 and 3.000 tonnes totalling 1. 7 millilm gros~ 

registered tonnes_ Table J\' . .:!9 shows that two thirds 
of the Wllrld ferry fleet are located in de\·c:loped 
countries. Of the 20 biggest ferry tleets. only six are 
from de\'eloping -:ountries. three of which are open
registry countries_ The biggest ferry-owners among 
developing countries are China. with 3.8 per cent of 
world gross regio;tered ferry tonnage. Bahamas with 
.:!.3 per cent. Philippines with I. 9 per cent. Indonesia 
with 1.8 per cent. Turkey with I. 7 per cent. and 
Cyprus with 1.2 per cent. Countri~s or areas with fleet 
sizes of less than I per cent are Algeria. Ar:;entina. 
Bermuda. Brazil. Egypt. Hong Kong. India. Liberia. 
Malta. Mexico. Republic of Korea. Saudi Arabia and 
Yugosla\·ia_ 

On I January 1990 passenger ships accounted for 
about 0.1 per cent of the total dead-weight tonnage of 
the world merchant fleet. For the shipbuilding industry. 
passenger ships are ncv;:r:hcless important because of 
their sales \'alue. On I Ja:lUary 1989 the biggest group 
consisted of three passenger ships of more than 50.000 
tonnes totalling 210.000 gross registered tonnes and 
six ships of between 40.000 and 50.000 tonnes totalling 
269.000 gross registered tonnes. There were abo 
l3 ship:; of between 30.000 and 40.000 tonnes totalling 
465.000 gross registered tonnes. and 17 ships of 
between 20.000 and 30.000 tonnes totalling 416.5 mil-

T.i.hle l>.21. la jor world cont.t1net._llie~Jlllllln..i~ 
--------- ----·----------·-- -

Country 1,000 qr0&6 1,000 dud- Tot.ti l ,000 20-feet- Peroentq 
or aru loanfS vei;it equi~alent units qrowtll rate 

lOllleS Peroentilje sllare 

--------- ---

Pwaa l 256.l l 100.6 208.l l~.I ll.9 
Dniu.! St.ttes l 162. l 2 12~.I m.o 14.0 II.I 
Taillall Prov inoe l 911.2 2 212 .4 m.4 u 24.l 
Ceruny, fl'deul 
lepubliC Of 1 511.1 l ·~.2 111.2 1.0 6.3 

Japa11 1 660.6 :~u 17 .9 6.4 -9.0 
Onil.ed Kinqdo9 1 Jl4.~ 1 264.9 69.6 ~.o ·2.1 
Delllark I 019.0 I 06~.4 liO.I 4.4 
Liberia ua.o 916.2 SS.9 4.0 20.1 
Sinqapore 811.7 947 .6 S2.I l.I 9.9 
Olina 646.4 127. 7 41. 7 J.O o.7 
otller 6 411.l 7~.I l6S.2 26.S 

MAL 22 7JJ.2 24 Sl6.4 I 112.1 100.0 7 .2 

------ ------------· 
~= ~ s &egj1tcr oC Sl!jllQilq St.itialicll till• 1219 !Br-. l•titute of 

Sllippilllj roona.ica Md Loqi&tiCI, 1990}, p.21. 
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lion gros.; registered \onnes. The rc:'l were: I .,.fl ,,, 

between 2 .. 0011 and 20.000 lllnnc:s 1n1alling L•t. million 
grns ... rc:gi ... 1ered hllmc:s. The regi.mal dis1ribu1i,1n ,if 
the pas ... c:nger tlec:l i!> reflected in labk 1\ .. 29. Three 
countries. the Bahamas. Panama and the l "SSR. had 
-0.J per cent of world gr.iss tonnage of pa~sengc:r 
ship~. Countries with tleeh of <Wer I00.1100 gross 
registered tonne: ... are Greece. hal~. Liberia. '.'e1her
lands .. '.',irway. t:nitc:J Ki.igdom and the L"nited 
States. 

t~L~ ;-;.;:->._J~QQl.·~~ ot tllf !!Oti1 
!~l!tL~t~ !!$Sf!S • .l-t!l!Mri mo 

------· 

Coantries with terries 

O£al 
CllEl 
~-rfl!istri Ollllltries 
0-lopillJ alllltries 
otlltrs 

'l'O!lL 

a.tier of 
:Sltips 

l ·~ no 
12'1 
411 
ll4 

2 512 

eo.mtries vith ~ 'feSR!s 

Ollll ~. 

CllEl 51 
~reqistrj CllUlltries 62 
Deftlopi.Jiq Cllllllltril'.S 19 
otll!rs 7 

!O'rlL 215 

tboas..m of qRISS 

RS.istmd ter 
Tow~ 

Wa 

5 246.l 66.l 
664 .. i u 
660.7 1.4 
9il .. 7 12 .. l 
m .. 2 u 

i 935 .. 4 100 .. 0 

l 210.1 45.9 
314 .. 7 ll.9 

l 04! .. 7 39 .. 5 
47 .. 7 !.I 
20 .. 2 0.1 

2 634 .. 4 100.0 

~= Uoyd's hgistcr of Slliwjna stt•1stig1 hl!Irs 
00 (Braell, !nstibite of Sllippi.Jiq ra-ics i:ld 
LOqistics, 1990), pp.14-20 .. 

(I) Fi.~hingflet•t 

On I January 19!!9 the total world fishing fleet was 
di\·ided between CMEA countries with 40 per cent. 
OECD countries with Jfi.2 !'er cent. open-registry 
countries with 2 per cent and de\·eloping countries 
with 21..!! per cent. The CSSR alone had 36 per cent of 
the total world tonna!?e. The top five counuieo; arc 
USSR. Japan. United Stale~. Sf.lain and Republic of 
Korea. which together had fil per cent of the total. 
The biggc:sl owners of fishing fleets among developing 
countries and areas were Republic of K1irca with 
4 l!UlOO gross registered tonnes. Peru with 144.000. 
Cuba with 131. 700. Mexico with 119.0IKI. Argentina 
with 91!.()(KI. Chile with 90 .. 000. Taiwan Province with 
!!!!.000. Morocco with !! .. l.000. the Philippines with 
66.000, Ghana with 57.000 and lndoneo;ia with 52.1100. 
Almost every developing country hao; .,o·ne fi,hing 
ves.,els. 

(g) Ralanff hc111·1·1·n \Uf'f'h am," d1wand 
11{ {htf' 111nnt1.~1· 

During the period 1970-19!!9 the 1mhalancc hct\H~en 
the supply and demand of tonnage wa .. 'cvcrc. The 
u .. ual disequilibrium hctwccn '11pply and demand \\a' 

194 

aggra\ ated b~ the most serious crisis in the: h1~tnr~ nf 
shipping and shipbuilding. Changes in the stn:cture 1if 
ships and fleet~ \\ere the rC!>Ult of change: .. m the: 
structure: ,if s.:a-borne trade and econ11mic dc:,c:lop
mc:nt in the 1~711!'> and the 19Slk. There was a sharp 
rise in tanl.:er production .. followed b~ an increa~ m 
production •lf special seag,iing \·e~ .. eb. Order~ for new 
ships increased. reaching the: rec1ird 'olume of about 
~JI mil!ion dead-weight tonnes on I Januar~ 11>74 . 

. -\ftc:r the first and o;econd oil shoe!.:. intere~t in new 
shiphuilding diminished. In 197-1 almost 50 million 
dead-weight tonnes of the record hllume were c<1ncelled. 
and new building Mders started to dc:dine. The 
reduced demar.d for transport services inlluenced in 
capacity utilization in tanl.:ers and other ships. A huge 
amount of tonnage was left unemployt."d. creating a 
surplus on the supply side. This gap between suppl~ 
and demand first creates inacli\·e tonnage. which is 
subsequently laid-up and scrapped. Howe :er .. contrar~ 
to the trends in sea-borne trade and w the rise in lai~-up 
and scrapped tonnage. the world fleet continued to 
grow. The fleet was not reduced because in boom years 
the ships had to be ordered up to fo·e years in ad\·ance .. 
so that as a result of the former euphoria. the new ship 
completions exceeded fleet reductions through demoli
tion and laid-up tonnage. For a number of years this 
condition of over-supply continued. 

Figure l\' .. 6 clearly shows the hea\·y expansion of 
the world lleet caused by the high le\·el of shipbuilding 
orders during the 1970s as well as the stagnation of 
sea-b,nne trade after 1973 3nd again after 19SO .. The 
widening of the gap between the two is obvious. Since 
1984 the gap between supply and demand of tonnage 
has started to narrow. It took IO painful years to cut 
excess capacities in world shipbuilding to the le\els 
more appropriate to shipbuilding demand. In 19SS 
world shipyard production. with 15 million dead
wcight tonnes. was at its lowest level since 1964. In 
19!!9 dc:li\·eries of new buildings increased to 19 million 

Figure IV.6. Difference between wortd fleet 
and sea-borne trade, 1970-1991 
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dead-weight tonnes and the tlinnage baiance contim•ed 
to imprlwe. but to a lesser e.\lent than in 191\l'i. ~a
bllrne trade measured in tonnes per mik increased b~ 
t> per cent in 19119. after 7 per cent in 191\X. and the 
\\orld lleet increased b~ about 1.5 per cent. after lllll~ 
I per cent in the pre' il•U~ ~ear. The result was the 
narnl\\ing of the gap between ~upply and demand nf 
tonnage. The oil tanker balance was impnl\·ed by the 
9 per cent rise in •'ii shipments and the 3 per cent 
increase in the tanker tket. 

J. Capacity 11tili:ation and capacity flo,.:J 

(al Capacity urili:ation 

Shipbuilding capacities through.mt the world are 
considered to be much greater than the nerage yearl~ 
world production of ships. and their full atilizati•m 
has nenr bee!l achieved. The gap between the 
installed capacities and their utilization was evidenl 
during the long-!~rm recession that started in the mid
I 970s and se\ercly affected the world-wide ship
building industry. Gi,·en its international character. 
the shipbuilding industr~ is exposed nol only :o the 
effects of the above-mentioned supply-and-demand 
imbalance. but also to the negative impact of different 
political. social and economic crises. Different measures 
to stimulate domestic production also have an effect 
on shipbuilding. In periods of crisis or declining 
cyclical mo\·ements. capacity utili1ation in shipbuild
ing is low. In so-called normal times. capacity 
utili1ation is mo~tly determined by heller building 
conditions. speed of pro~uccion. qualit~. length of 
building period and credit conditions. 

The tendenc~ hrnards inade4ua1e capacity utiliza
tion and !he distortions in che dndopment of the 
largest shipbuilding indu,tries in the world ha\e 
stimulated the rdocacion of shipbuilding to developing 
countries. h has be.:n argued thal Je,eloped countries 
should produce more sophisticaied ship, embodying 
high-valued. high-te.:hnology e4uipment. and that 
developing countries should build ships of more 
simple construccion emhodying low-lechnolngy equip
ment. Although there are examples of such differen
ciation in practice. the shipyards of developing coun
trie .. are. in a number of cases. clearly capable of 
building 1echnolog1cally 'ophistica!ed ships of any 
'i1e. and they have done so. The relatively high rating 
of developing countries in \\orld -.hipbuildmg prnduc· 
tion and on the: wnrld 1•rder b,iok testifies lo their 
competence. 

Table l\'.30 clearly show-. chat among the nine 
major 'hipbuilder' in the \.\orld. fi\e dneloping 
countries or area' have pla~·ed a leading role -.mce 
1979. De\cloped countnes. h1mever. remain dominant 
m annual new building deliverie'. de,pite rhe increa'e 
m the 'hare nf developing coun!ries. particularly the 
Republic of Korea. ·1 he decline of 'hipbuilding prn
duc11on in developed countne' m the 1970, was 
cathed hy the cn\ls 111 the world ecnnom~ and 1h 
negatl\e effect.. on tran,port volumes 111 a dcdini11J: 
global market. I he 11\er-capaclty of world tonnagl' 
and the gro\l.ing competitive pre.,.,ure from large new 
,hip' produced mainly m Japan and rhe Repuhhc 111 
Korea were the mmr important factor' 1111dcrl\ln): the 
'h1phuildmg cn'1' m developed countne'. 

Tttlt !';.JO. s.tr:J of !!l)tU.~i.mur~l191.lt. 
~:!~'llll~Ll'i~~ 

Clpt;it. ~rdt:<!-_!._ i'trM.tn? "'rE~ 

~' ---~--
1n 1>15 !'!<~ 19'~ :n-1•;0 1"~1•s'-

1 ~ ~t qrcss tur--
---------~· --------

:~ • lll ~ sel 10 :-; J3.i 10.l !it.5 
~'icot rcre.1 I 2"1 • 66' (i ('.1'"' l~.4 l'.'U :?';.l 
Yugoslui• "."6! 6].; l 50< 5.0 l~.2 au 
Ceruly, fedtrii 
l!plblic of 511 724 l 1~ 4.5 72.1 !J.: 

Brazil 2 52') l 130 l 2Cl u 1< • . , u 
Spe.in I 510 504 l Q'.'~ l.5 -2').9 !U.9 
Polud l 1!IO l Oll l 00" J.2 -42.5 -2.i 
dlllol 6U ... 2.1 21.5 
T•i111t Pro1ini:e 100 l l'lO sos 2.1 21.6 -26.l 
otbtr 9615 I 7U 6 7'l5 21.1 -2'l. 7 -22." 

'MAL 21 30:! 25 102 ll ~5 lCJ;.O ~.7 !i.l 

li2!itg: U.01~·~ ieaister Sll.il!ll!lilaim 1&tm ~r lH'I 11.oDdon, 
Uo1d's lec;rster of SllipblilliiJI!, l'l'JOI, tJ!llt U. 

Acc,)rding to the EEC. the world-wide tleet volume 
increased by about 30 per cent frnm 1973 to the end of 
1977. whereas the transport \olume decreased by 
about IO per cent I[ .f ). p.15 ). The decline of the new 
order~ intake actually started with che oil crisis of 
1973. but ih effects did not appear until 1976. An 
enormous amount of tonnage wa~ on order all tl\Cr 
che world. The decline of new order-. continued after 
1976. and the peak order le\·el t)f 1973 has never again 
been reached. The c1>n-.e4uence' of chis crisis \\ere 
se\·ere: a fall in new ship prices followed by declining 
shipyard employment and a huge capacit~ reduction 
in tradicional shipbuilding countrie-.. 

This reduction of capacity m some countries 
am1mnted to as much a-. 50 per cent. By 19X7 EEC 
merchant 'hipbuildmg production \\a' 3.5 times le.,s 
than in 11'> peak year ol 19·111. with a corresponding 
drop in the ITC -.hare in world produccion from 
ahout :!7 per cent to IX per cenl. The UT restructuring 
programme for 71 'hipyards redu.:cd !he total work
force level from :!73.000 in 19XO to l.l9.000 in 19X7. 
The effects of the'e reduction-. on the world market 
were diminished owing lo continued exce .. s capacily in 
Ea-.1 Asia. Shipbuilding production in Japan declined 
hy about onto third. :\t the -.ame time. new producl11•n 
wa .. deployed to developing countric' to take advan!age 
of lower CP't'. while .. hipbuilding produ.:tinn in C\1L:\ 
countrie' remained 'table. According 10 OF.CD and the 
:\"ocia11on of Wc.,cern European Shipbuilder,, the 
cri'i' of l97h led to a decline of no more than :w per 
cent in world production capacitie'. In llJX4 the o\l'r
capaclty wa' further l:ompounded hy 'Pel:ulativc new 
order' unrelat.:d to 1mmcdi;11e dern;ind. The uplllrn of 
world trade in 19X5. 19Xh and 19x7 wa' not followed 
hy an upturn in the \olumc of mari:1me tran,port. the 
'tahil11a1ion 11f which wa' not reiH:hcd until l9X7. 

Bc,Hlc' the rcJ110.:t1.in ol i:apac111c' and relocation 
t .. ward 11.wer-co't c1111ntr1c,, thl· gl'1H:ral ..:ri'i' 1n the 
,h1ph111ldini: mdu,try "'"' produred change' m owner
'h1p. organ11at1on and management .. ,. ,111pyard' ;rnd 
111 pr••)!rammc' of ,111p produ..:11 .. n. Some of lhc'e 



change-. \\en: rdkc1cd in the ;l\cragc t••nn;1gc and 
'1ruc1ural ty pc ,,f nC\\ -.hip,_ The a\cr;1gc 'i1c ,,f ,flip .. 
dd1\crcd dcdincd \er:• -.harply in the peri••d 19-5-l<JSO 
and 1-. -.1111 far hd.m the 1•r5 k\cl. In 19-:"5. -_,per 
CCIII ,,f the dd1\crcd llC\\ huilding-. \\ere lanker'. -l per 
cent c.imhincd carrier'. 1-l per ccnl hulk carrier' and 
'~per cent other -.hip,_ In 19S9. only -l- per cent \\Crc 
lanL.cr-.. 111•nc \\Crc C••mh1111:d carrier-.. -'-" per cent 
hulk carrii:r-. and 19 pa cent ••ther -.hip-.. rite 
-.uprcmacy , 1f dry -hulk h .image 1, • •h\ i• •11,ly hcmg rc
c-.tahli,hcd h• meet the need lnr the lran-.pon of li.1uid 
guuJ-.. The compklhlll ,,f nC\\ -.hip-. ;111d the ••rdcr 
h.1,1k pcrf1•rmancc-. ,h\l\\ 1h;t1 the ah••\c-mcnti••ncd 
dtl\\O\\ard 1n:nJ \\a-. rc\l·r-.cd in 19S9_ It 1, hi h.: 
C\p.:ctcd thal n<:\\ 1cd1nol.•gy and inn11\ at ion-.. ''' \\Cl! 
as hnwr ..:'"" ,,f huilding. \\ill abo mllucncc 1h.: 
lticali<Hl ,,f world 'hiphuilding capaci1ic, in the future_ 

I h I \ c11 ord.-n f 11r 1liip/-.111/dmi: 

The c-.1im;11c-. pr.nid.:J in tahk l\.__,11 rdkcl the 
rcc.ncry in lh.: \\nrld order htiok fur nc\\ -.hip
huilding. \\ hidt gr<:\\ lu .l I million gru-.-. 1onnc-. 111 

ll}lN. lhc highc'l k\d -.incc 19S_,_ The higgc .. 1 impro\C
mcnl 11ccurrcd in hull.. carrier' and ,1il 1anl..cr ... 
TanL..:rs acc,1un1.:d for ah••lll JS per cclll. hulk carri.:r' 
2., per c.:nl anJ general ..:argo .. hip-. 20 per ..:cm of the 
ll!lal wnrld tirJer hnnk, at the end of 191'9. w i1h 
..:nniaincr ll>nnagc ..:nn-.1i11uing 57 p.:r ..:cnl of 1hc 
gcn.:ral carg• 1 Iola I. Pa ... ,cngcr \ c .... cb ;u:<.:• •umcd fnr 
50 per cent and fi:rrics 29 per ..:cnl of lhc 1i11al f,ir 
other -.hips in the nrder h.iok,_ So far a-. the larger 
,hip' in lhc \\orld order hook arc conccrnnl. !here arc 
12 'hips .if hel\\ecn 200.0CICI and 250.000 dead-\\cight 
h>nnc ... ;111d 22 ship .. ,,f Oel\\Ccn 250.000 and _,INl.IMIO 
dead-weight lonne ... There \\a' nnl a -.ingk -.hip of 
n\t:r .ltMl.1100 dcJd-\\eight tnnnc-. <lit 11rdcr ;u 1hc end 
nf 191\9_ The 5-:" per ccnl ri'e in gr.iss ll•nnagc ordered 
in I lJS9 'ignific' a n111iccahk in..:reasc in -.h1pow ncr 
confidence. folt.rning a fall of 1.5 milli11n gro" tonne' 
in ordcP• in 19XS. lligher ordering wa' rc..:ordcd f,1r all 
three major ,111p type,. Oil lanker' order' n111n: than 
douhicd and '.\.:fl" \\Cli ah••\C lho": of any year in the 
l9Sth_ 

In 19Xl) glohal 'h1phuildrng 'uprcmac\ 'hift..,I had_ 
to .Japan. \\hi..:h no\\ ;KC<lllllh for ahn11'I 50 per cent 
of world tonnage order-.. The -.hare' of nther ..:ountric' 
and region' arc retlccled in whk l\' .. 'I. l.lo\d·, 
;11trihu1..-, lhl· -.hift to the re_,1ru..:111rrng of .l;1pane'e 
,fiipyar.t... in the ,._.l·1111d half of the llJXfl, anu t<• a 
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f;l\••ur;thlc C\..:hangc rate fur .Japan and the finan..:ral 
pr••hkm"if y;1rd, in the Rcpuhlt..:••f K••rca 1(:; f. tahk I 1_ 
.-\c..:••rJmg l•• I l<•yd·,. much 11f the in..:••mc mcre;1'.: 
\\ "' achte\ cJ al the c\pen'c 11f K••rca_ Htc rdall\ c 
'hart·, ,,f •>thcr ma1<1r 'hiphu1l:.hng O.:••lllllnc' and arc;" 
r.:nuincd 'lead\. 

The ralc ,,f -.hip ;.:,1mpkti,1n, rc..:11\crc.t after the 
'eri••U' ,lump ,,f 19S7 and ll)l\S. \\hen .ml~ I~ nuth,111 
gn1" h•nnc-. \\ere C<'mpktcd. The gr'"' h•rmagc 
C••mpkted in 19S9. a, ,h,1\\ll in tahk 1\---~~- \\;1, ;ah,1ut 
I.' milli"n 1<1nnc .... 2 milli,lll ll>nnc' nhirc lh;rn 111 19SS_ 
;md that \\a' the fir,t innc;t'e in \\odd l<lllnagc ,1111.c 
19S-l_ .lap;111 \\a' the higgc'l produ..:er. acc.•uming h•r 
;1hou1 half \\l1rlJ 1 .. nnagc 'incc llJl\-l. foll,n\cd h~ the 
Rcpuhlic of K"rea \\ i1h ahoul one fifth. _-\hout - ~ per 
ccnl of the producti<1n of the Rcp:1hlic ,,f K<ir.:a 
..:on'1'1cd of oil tanl..er,_ ~1<1rc th;a;i ~0.11110 gro" 
111nn.:" \\Cf<: abn c<1mpk1cd in 19S9 hy Belgium. 
C:;1rada. ~k\Kll. '"rv. ay. P11r1ugal and Singap,1rc_ 
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hpan •••mpk1nl I' ''"P' nl 11\.:r 11111.000 <k.1d
\\Clj!ht l••nnc,_ l!t.: bri:e'I 11re •arrr.·r \\;t, 2''.1111• 
d.:;1d-\\.:1i:ht 101\Jle' :and 1h.: bri:c'I ••rl wnk.:r 2'ix.o-h 
de;1d·\<.:1i:h1 t••nn.:' I lw f.frpuhlll: nl ~·•rl·;1 l'••nlpk1..-d 
~I 'lup' 111 11\.:f 11111.0IMI tkad·\<e1i:h: tonn.:,_ 111d11.t111i: 
two ol 1h.: l.1ri:e,1 1111 t;1nl...:r' 111 th.: \<11rl.t w11h ;1 
..:.1p.1<.:ll\ ••I ~Xll.IHHI dc;1d-\\Ctj!hl tonne,_ -\h,1111 :'i-l p.:r 
<.:enl 111 th.: -l'l'l.11110 lnnnc' ..:ompktl·d O\ th.: Yui:•"l;I\ u 
\\l·r.: m •1111ankcr,.1hc Ol!!!!<.''I w11h l-l2.ll' I d.:;1.t-we1i:h1 
t nJHll"'- I ;11 w ;111 l'r• •\ 111..:.: h;1' '' 'lll'..:nl r;1 t cd nn pr 11d11•111 !! 
l;rrgl·r .. tup'. 1lw ;1\l'r.1~c '"._. ••I 1" nllll' •••mpk1.:d 
,1J1p' in l'IX'I 0<.'lllJ.! -l:'i.2 n lnnn.:'. <.:1•mp.trc1! \\J~h .111 
,l\Cf.lj!l" 'l/l' nl Ill'' x.'"'" l11llnl'' Ill .l.1p;1n. 
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pa'l Ill ~car' 11 ha' h<:.:n c\p<•rllng hcl\\ccn l.J5 anJ 
I.JS per c.:lll ,,f lh 'h1phuilJmg pr,1JtKlhlll. lhll' f, •r..:mg 
1h.: ,h1phu1IJ.:r, h• ma1111a111 a high k\d .,f m1.:r
na1i,1nal C<•ntpc:lll1\<."li<.""- In 19Sl.J Jap;m c\p<•rl<."J 
----~per c.:nl ,,f thi: 1<•11n;1gi: hu1lt h•r l<•ri:1gn cu,t<•mc:r,_ 
1nduJmg atlihatc:' ,,f Japanc:'.: C<•ntpam<-"'-

./. Sho~r- unJ m~Ji11m-urm 011rlooli. 

_.\ numh.:r nf ll<."\\ 1111.:rnati<•n;tl d.:\c:h1pmc:nh an: 
abn pr,nmg that (9S9 \\a' a crucial ~..-ar f,,r the: \\\>rid 
,hipbmlding indt.,tr~ _ In th.: fir,t place:. a gr..-a1.:r 
numb..-r .,f C<•tmtric:' became irnnh.:d \\it!: -.hip
buildmg. l>.:,piti: th.: d<>ntinanc.: ,,f Japan. 15 nhlr.: 
C<llmtri.:' a;c: current I~ 1;1krng mnr.: than I pc:r \.<."Ill .,f 
the: tntal \\<•rid <•rdc:r bn,1k. Tabk I\.)) -.h,,\\, th.: 
large: numhcr of ,hjp, •lit ••rd.:r in dc:\dnping C••un
tri..-, and area,_ Shipburld.:r' in :\rg.:ntina. Bra1il and 
lai\\an Pnnmc.: 'h••\\cd '1gn' of rc:\i\al b~ .. ..-curing 
\ aluabk C<llltrach. In Yug<"la\ ia t\\ '' big .. 111p~ard' 
art: planning nrgani1ati,1nal impr.n.:mc:nh. induding 
the: Split -.hip\;ird 1ha1 butll the: fc:rr~ .. babda··. 
C<•n,idc:r.:d h• he nnc: nf the: finc:-.t -.hips built in I 9l\9 
l[fll. p.)l\1. In India th.: Go\c:rnm.:nt \\a' in a dikmma 
\\hc:lh..:r h• gi\c prr.1ri1~ h• impro\c:mc:ni.. in the: 
\\ nrking of c\i,ling 'hip~ arJ, \lf lo 'c:l a-.id.: limitt:d 
r.: ... nurcc:' f, •r building a n.:" on.:. 
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~: Fu:;!,·,: dat.I. 

In th•: Rep11hl11; ••I Korea 'c:\er;il ,111p\;inl' \\11rk.:J 
!o•J?ethc:r on a numhi:r ,,f pr111ech. Sh1p~;ird' in that 
counlr~ c11n1111u.:d l•• cut 1hc:1r \\orlt.-1• re.:. 1hc: nurnhc:r 
111 .:mpli1~ ...... , hem!? rc:Jm:.:J (II .. l'JJKIO h~ lhc: l·nd tlf 
llJ>o.X. (11ntp;1rc:.t \\llh ;1 peak"' ~:'\.OOCI 111 l<JX-l. :\l th.: 
'antl" llmc:. f111a11C1;1I ;11.t "''' !?l\ell 111 '11111.: \Mlh to 
11\cr(omc: ,e\i:r.: t:(111111nt1( pr11hl.:m' In I 111l;tnd. 
W.1rt,ila \f;ir1'.ll". al:er h;inkrupt(\ pr11(c:edint:'· 1111\\ 
11per.11i:' under thl· ne\\ n.tnH.: nf \faSa Y;i~l"- I hc:rc: 
IM\e hi:en t;ilt.C:·ll\C:r"'' '"rth-e;i,, ,111ph11ildc:r-1,l-SI I 

h\ 1 ·n11ed K1r1!?.t••l11 'h1ph11ildc:r,, .1r1d 111 1l.1rlaml & 

\\",,lfl ti~ '\,lf\\c:g1an inii:rc:'h 1hr,1ugh a management 
hu~-..•11L In P.•land. the: l.c:111r.a and (idin~a ,111p\ard' 
.:til.:r..-d n.:g••!la!l<•ll' \\!lh f.,r.:ign 111\t:,l<•r,_ 

R.:.:..-nl <."\ .:ni... 111 L1,tc:rn Fur''P'-" ,,,uld c:hangc: th.: 
,1ruc1uri: ,,f \\<•rid ... hiphuddmg. lhc:r th.: p;ht ·.h:.:adc: 
1'1.: ,h1pbuilding <nllpul ,,f Bulgaria. 1h.: \.ii:rman 
lkm,1cr;11ic Republic. p,,(and and R.•mania acc,1un1..:d 
f,,r Ill p..-r c.:nt ,if t<•lal \\<•rid ••t1tpu1 ''" a gr"" 
h•nnagc: ha-i,_ Bul the: pr.iducli<•n ,,f thc:'c: C<•Unlnc:' 
\\a' focu-...-d ,,n d,im.:,!lc Ji:mand and ._.,pc:ciall~ nn 
1 ·ssR "rdc:r, _ _.\t the: ,amc: time:. the: l 'SSR \\as tNng 
ic.. ,hiphuilding capacitic:' a(m,"t c\du .. i\d~ for miluar~ 
and d,•mc: .. uc purp,,.,;:.,_ In 19S9 the: n<.:\\ building 
capaci1ic:-. ,,f th.: l "S'\R \\er.: inmiducc:d h• 11tc: \\<>rid 
markc:t llm•ugh a So\i<.:l banc:r Jc:al \\ilh Pc:p'i Cola. 
lm.:rc:-.b in dc\dopc:d markc:l c:.:1lll•lllli..:-. arc: alsn 
lthlking for imc: ... 1mc:nc.. in .. hip~ard-. in p,,land. Whc:n 
the: -.h1pbuildc:r' of the: Fc:dc:ral Rc:puhli' ,,f (ic:rman~ 
and th.: ( ic:rman lkmocratic Rc:pubhc unil.: th.:~ n ill 
rank high <lit th.: \\<'rid list ,;f kaJing -.hipbuildc:r-.. 
The: bdic:f ha-. hcc:n c::1.pr.:-.,c:d. 1ha1 'h1pbuildmg in 
Ea-.1c:rn Europe: could bc:comc: a n.:cc:.,...ar~ counter
balance: (ti incrc:a-.ing markc:l domination b\ ra ... 1 
:\.;ian ,hiphuilding. Thi" \\ill dc:pc:nd on the ahilit~ 11f 
,hip~ard' in Easlc:rn l'ur,,p.: lo turn lo pr<>fil-oric:ntc:J 
producli<•n and Ill m11dc:rni1c: lhc:ir capaci1ic:-.. m•"t 
likd~ in pannc:r ... hip \\ iih W.:,tc:rn European inlc:rc:,i... 

In 19X9 m11 ... 1 -.hip~ard' in W.: .. 1c:rn Europe: \\t:rc: ,till 
hca\11~ d.:pc:nd.:nl on ,ub .. idic:' hl bridge th.: pri.:c: gap 
\\ ilh Ea'l :\'ian price,. hu; ac1i11n i' h<:ing takc:n to 
rc:Jucc: -.ub .. idi.: .... _.\t the: end of 19l\9 th.: Cnmm1"'"'n 
of the: l'urop.:an C1•mmunilic:' fi:1.c:d a nc\\ prodt•ction 
aid c::iling al 20 pc:r .:cal for conlrach for building 
n.:" \c:-. ... .:1'. :\id for in\c,lm.:nt and th.: rc:,tructuring 
,,f 'hip~arJ., 1-. a"c:".:d on an indi\idual ba,is 
according It• th.: 'i1uati11n of c:a(h 'hip~ard and i-. n<ll 
limilc:d b~ a ceiling. Th.: hl\\c:ring 11f 1hc: aid ceiling 
frnm 2fi per cent tn 211 p<."r cc:nl ~.:Iker.. a dear and 
c11ntin11ing impro\cmc:nt in \\11rld markc:l pri.:c:' f,1r 
nc\\ building' and in th.: cnmparati\C: C•hl '1ruc1uri: nf 
0111-.1 ITC 'hip~ard,_ .-\1 the: 'amc: lime. lhc:ri: i' 
liih:t\'.\~ l. n•h:J SlJh! ... prc;!,:-.i.irt.: f"r .sn c.:nJ tt; -..i.ib ... iJi..: ... 
in the: ... hipbuilding indu ... tr~ _ In the: fourth -tuart.:r <1f 
(9X9 th.: Shipbuilder' Cnuncil ,,f .·\mcrica a-.kc:d th.: 
I 'r.iti:d State:' Trad.: R..:prc:,c:ntali\c !o im.:,1ig;11.: 
;11lc:ga1ion' 11f unfair g•nc:rnm.:nt 'upp<'rl for 'hip
~ ard' m th.: Fc:d.:ral Rc:puhlic ,,f ( i.:rman~ . .lapan. 
'.\or\\J\ and the: R<."public nf l\..r.:a. Th..: atlitud.: 11f 
1h.: c·,1mmi"1on 11f the: I urnpc:an Cnmmunit1.:' 1' 
,jmilar l" that of lh<." I 'ni1.:d Stat.:' and '' a1111<."d al 
reducing g•1\<."rnmc:111 'uh,idi<."'- :\l th.: hegmning ,if 
1990 lh.: repr.:,<."nlali\c:' of 'h1phuilding couniric:' 
c11nfirm.:J 1hc:ir commitm.:m h• ,1reng1hc:n in1c:r· 
n;tll11nal c11-<•p<."ra11on for c:hnunatinJ? oh,tack' to 
n11rmal c"mpc:11t1\e c11nd11inn' m th.: ,1Jiphuil1hng 
111d11,1n. S1gnifi,;in1 pr11gr.:" ha' hc:<."n made: hl\\aH1' 
mull1la1eral agr<."c:m.:nt 111 lh,.:iplin.: ,ub,id~ -;I\\ ard1ng 

C1llllltrlC:'-
Rc:gardmg fu111r<." 'h1pmc:nh of dilfrr.:nl j:•"'d'. 11 '' 

a"umc:d th;I! \\orld 'c:a-hornc: 1radc: 111 crude 1lil \\Ill 

ri'~ more'"'"'~ 1han m l'IXX and 19X9. o\\111)? lo the 
pr11J?rc:" 111 fud dfic1<."ll(\ and 1he lo\\t:r grP\\ th ral<." ,,f 
till" \\1•rld .:c11n11m\. S1111p,11n. Spence & Young 
fore,e<." lh<." •••lllllllll"d J?r1•\\lh 111 oil demand 1n llJlJO 

;111d l'NI. \\Ith 1he 1ncrea'lll!! 1r;1lk nrii:rna111tg 111 1hc 
hl;111111.: lkpuhhc ••I Iran. Iraq. 1\11\\all. Saudi :\rat-.1a 
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and the l'.nited Arab Emirate~ (71. The~ belien: that 
the demand for tan .. e~ \\ill remain high and that the 
lleet \\ill e\pand rapidl~. But it will take a number of 
~ears tt• balance the suppl~ and demand for !anL.er 
tonnage. The currem high demand for llil in de\elllped 
countries will cause some problems because of the 
und~r-suppl~ ,,f modern tanker sonnage. 

Regarding ore and bulk trade. Wharton Econo
metrics hire•;asting Associates. in a s1ud~ on future 
pauerns of interna1ional coal trade. predict 1hat by the 
year ::!000. coking..:oal 1rade \\ill be back to 1he le"·els 
recorded at !he beginning of the 19Xlh. because steel 
industr~ demand will dedine [XI. The mat trade will 
continue to be shared b~ Australia. Canada. South 
Africa and the United States. wi1h Coiombia and 
Venemela as major new suppliers. According to 
Ocean Shipping Comultams. grain trade kn+. since 
th: mid-19XOs ha\·e not been able to reach the ::!OO
million-tonne mark. with 1he excep1ion of 191\X [9). 
The recenl increase in 1rade le\·ets is likel~ It> continue. 
and by 1995 it 1s forecast that more than 225 million 
tonnes will be shipped annua!l~. Demand from East 
Asia i"' set to increa-;e. with India and China re
emerging as significant grain import markets. The 
l:nited Stales will remain 1he biggest supplier. 

At the end of 19X9 the a\erage si1e of bulk carriers 
was .J::!.91K) dead-\\eight tonnes. but at that time 
shipyards \\ere Jeli"ering bulk carrier.. a\eraging 
69.NKI dead-\\eighl tonne~. The a"·erage .. i1e of bulk 
carriers on order \\as 7.iJKK) dead-weight tonnes. This 
clear trend to\\ards larger ,e.,sels as well a.. the 
n~mber of ships ordered could lead to o\ er-capacity 
in the world bulk fleet already b~ the end of 1991. 

Turning 10 ship completion. a further increase of 
more 1han one third is pnijccted for 1990. Fearnley s 
estimates 1ha1 at the end of 19X9 the tolal world nrder 
book amnumed to 50.5 million dead-weight tonnes. 
"i1h the folhm ing deli\er~ schedule: 22.4 million in 
19911; 19. I million in 1991 and 9 million in 199::! fl I!. 
p.4). 1 he other e'timare i-; about IX millior, dead
weight tonnes for deli\er~ in 1990. represenling a 
lunher output nsc of more 1han nne third.:\! !he end 
of 19X9 a number of shipbuilders in Japan. Spain and 
Yugoslana \\ere a!read~ commiued \\ell intn 1992. 
~e" trnildmg price' \\Cfe generally on the ri'e for 
mos! ship !ype'. :\n increa,mg reluctance 10 replace 
aging 'hips. c .. pec1at:y tankers. is leading Ill pr11grcs
'i" c aging of the \\orld fleet. It i, predicted rha! the 
perccn1age of the \\orld ranker llect older 1han 
15 ~car' "ill soar from I 7 per cent in 19XX 1<1 about 
50 per cent in l99J 

"' the decade of the I "19th begin,. mmt rc,carch 
in .. 111u11on' and 'h1phuilding compan1e' arc main1ain
ing c;1111i"u' oprimi,m. There i' n11 doubt that -.hip 
lifeume w 11! he C\lcndcd. with more economical 
operatilln and 1mpr11\cd rcchnolllgy. Lri\ 1r11nmcn1al 
concern' may change llccl 'rrucwre. h11urc 'hipyard 
c;1pac11y and cxp;111,111n P"''1hili11c' \\Ill he mamly 
mllucnccd by poh11c;1I d1angc and the a\;1ilah1hty nl 
labour. Currcnn lll"1ua11on' and "'urcc' of c.1p11al 
lor financmg ,hip prod11ct1011 \\Ill he c'pcc1ally 1111por-
1;1nt 411c,11orh for dc\cl.1p111g co11n1r1e'. 

Bccau'c ol an aging global llccl. the world ,h1p
huild111g 1nd1 ... 1n will he principal!\ concerned with 
rcplotccmcnl demand. \1"'1 otnaly'" c11n,1dcr rhar the 
p;111crn of 'cot-home rradc ha' ,1ah1h1cd otnd that 1111 
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significant gr,1w 1h i .. l<> be e>;pc:cted in ma1.1r bulk 
commoJiiy mo\emeni... The bi~e"t market for ,hip
builder-. in the 1990-. "ill be in tanl..er .. and "cry large 
crude carrier., .,f between 250.IKKI and ::!liOJIOO deaJ
" eight tonne ... T .. nnage of thi., site i-. mn .. t cc•>n.inucal. 
and demand for 11 will grow as the ••Id tonnage-. are 
-.crapped. It is often assumed Iha! a ship .,hould be 
'crapped after ii.. cs1imatcd lifetime. Bui "!alistic,. 
show !hat ship-. can be scrapped earlier during year-. 
nf crisis. a .. "a-. !he ca-.e in the mid-191iO-.. "'hen 
tankers le-.~ than Ill ~ear-. old were decommis,.i.med. 
(,1 gond year., scrapping is insignificant. a., in 1990; 
there is no need for a ship.1wner to scrap ships when 
cargt> is a\ailable for tran.,pnrt. The mauuenance cnst. 
repairs and cmncrsion ,,f old ships C•>uld be less 
expensi\e 1han the co'>I of a ne\\ ship. 

There is no d.1ub1 that the pre.,ent aging tleel 
consisiing .1f ships built in the first half of 1he 19-11., 
and ships with widely \arying technical st:mdards will 
soon re4uire replacement. Al !he same lime. limited 
yard capacitie~ for both nc" buildings and repairs 
could create an imbalance between tonnage supply 
and demand in 1he mid-1990s. '.\los! anahsis aeree 
that irrespective of temporary marker ":!-b~cks in- the 
next few years. the coming decade wiil be one of 
expansion. 

C Teuile maehiner~ CISIC !82401-382410)* 

I. Recent trend.f and uchnological de,·elopmenu 

The global tc\tile industry h 1· gone thr.n1gh a 
major technological re\ 11lu1ion smce !he end ol the 
Sccnnd Wnrld War. During this perind ne\~ fibre' 
were introduced: new dye' and chemicals and new 
architectural mill design' "ere de\elopcd: and new 
machiner~ wa' crea!cd and in,rallc:d. As a re,ult. the 
textile indu-.rry wa' able 1·1 offer a much belier 
product. at a rca-.nnablc price. thu' making pm,iblc a 
general ginha! incr;.:a .. ~ in fihr~ t.: • .,ii ... i.impii.;H1. I\~n 

thnugh this technological cn1lu111in 'tarred and con
tinue' in dc\clopcd cnuntrics. de\cl,1ping c1111nrric' 
ha\c abo had an opportunity lo participate. ;1lbe11 on 
a mode'! 'cale. 

The !crm .. IC\tilc indu,rry ·· ,ftould include all !he 
acti\itic-. !hat are imohcd in !he fabricalllln of a 
\aricry of con,umcr producis. includmg the a..:ti\llic> 
11f .. y nthetic fibre pr11duccr'. mi((, and ;apparel culler,. 
Thi' .. ecrion conccmratc' 11nly 11n !he dewl11pmcn1 of 
prnces' machmcry for the 'pmnmg and wca\ ing mill. 

(al .\fa1·hrna1 dnc/np1111·111 

The machinery de\ cl11pnH.nl pr• ice'' ha' g1111c tlir.111gh 
an C\olution ol ih llWn. l:p through the late 195fh. 
1c\t1le manufacturer' \\ould order 1he1r mad1111c' and 
upon 111\tallation would mrroduce '"me degree of 
charige reflecting the proprietary technlllngy ol !he 
mill. ·1 hc'c change' would relate to machine \Clllllg'. 
gear'. ,ftape' of cam,, drafrmg ariron' and 111hcr 
dt:\ ice'. I hey were ha,cd on the compan~ concept of 
\\h;11 "a' hc'I cnginc~·rmg practice for thr: mill. 

., .,llH> .arkn11'-'lrd.cC'' rhr t.1HHrih11rii1n 1•1 f.1rd.111 I' \.11r. 

l1rr"11knt. \t,11i...11k11n f 11rp11r.H1n11 



The •nailablc tC\tilc machine tcchnolog~ of the time 
was a combination of the t\':.·o manufacturing intluences 
of mill management t internal to the mill) and machiner~ 
management (external to the mill)_ Thoe intluenccs 
were particular!~· strong in the United States. whose 
machiner~ industr~ became the world leader in man:
machinery categories. This was particularly true for 
spinning and wea\·ing equipment. 

By the mid-1960s a shift occurred away from 
leadership by the United States to that of Europe and 
to some degree Japan. Also at this ti!lle a fundamental 
change had taken place in the basic machinery de\·el
opmcnt process. Textile machine[)· innontions became 
available primarily on a merchant basis. rather than 
being contingent on 1he proprietary technology of a 
milL A major factor 1ha1 had precipi1a1ed 1his shifl 
was 1cchnological inno,·a1ion s1emming from many 
scicmific disciplines. such as physics. electronics. 
ma1hema1ics. mechanical engineering and compuler 
science. fa·en !hough a 1cx1ile firm mighl ha\e skills in 
some of these disciplines. it was nearly impossible 10 
ha,·c the requisite skills in all of them. Howncr. an~· 
firm could purchase an~· one of the major 1ypcs 
of equipmcnl. such as spinning frames or looms. 
embodying the latesl technolog~. The conccpl of 
internal machine inno\·a1ion now played a minimal 
role in 1hc dc,·clopmcnt of modern tcx1ilc machinery. 
This permitted countries in the Sou1h 10 ha,-c access 
to lhe same high lc\·els of technology as in the North. 

(b) Re.~t·arch expenditureJ and employment 

Figures on research and de,·clopment expenditures 
by 1hc teXlilc machinery community arc not available. 
However. industry sources suggest !hat an estimate of 
such C\pcnditurcs might range between .t and 5 per 
cent of sales for 1he major manufacturers. Nor are 
employment sta1is1ics available: it is difficult lo 
identify the size of !he work-force that builds only 
textile machines. since many of the 1-:ading rnmpanie" 
also manufacture other types of machinery. One 
possible approach for estimating the global work
force (C\cluding administra1ivc and other similar 
personnel) would be to di\idc the total \·atuc of 
shipments by the cs1ima1cd ,·aluc of shipments per 
production worker. This ratio re~mlts in an c:o.timate of 
a global work-force of 160.000 productive employees. 

(C) .Wajor compameJ in tht• gfohal inclu.Hr.r 

A list of the major textile-machinery manufacturing 
companies is given in table IV.J4. Wi1h a ranking based 
on apparent sales volume. the: companies arc grouped by 
type of major machine. including spinning. weaving. 
knitting. dyeing. printing and finishing machines, 
among others. That table shows the major teittilc· 
machinery supplying countries to be: Czechoslovakia, 
F·rancc:. Federal Republic of Germany. Italy, Japan. 
Switzerland. lJnitc:d Kingdom and llnitc:d States. With 
the: possible exception of the latter, where: the: machinery 
output serves primarily the domc:,tac market. mo~t 
of the: major textile: machinery firms arc: cxport
orientc:d. 
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2. T uhnological tr~ntls 

The tcchno-economic characteristics of the major 
companies can be -;ummarized as follows. The Federal 
Republic of Germany prmidcs high-technology 
machinery and precision engineering in a broad line: of 
c:quipmem such as !:.pinning. weaving and finishing 
equipment and in some other areas. Swiss textilc
machinery-makers also provide high technology. par
ticularly in spinning (short staple). wc:a\'ing and 
automatic controls. As a manufacturing policy, some: 
of the Federal Republic of Germany and Swillcrland 
machinery firms also have manufacturing plants over
seas. Machinery manufacturers in France have inie
gratc:d advanced IC\·els of au1omation into their 
equipment and possess particular strengths in the 
filament (tc:xturizing) and long-staple (woo!) con\·er
sion processes. Manufacturers in Italy also ha\c: 
unique: strengths in long-staple machinery procc~ses 
and in fabric finishing_ Textile: equipmc:m manu
facturers in Japan provide: high levels of autCJmation 
in weaving. knitting and :c:xturi1ing equipment, while 
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.lrm ... in C1cch,1-.(,l\akia ha\c: ~uc:ngth-. in -.h,1n--.taplc 

.. pinning and apparc:I fatmc \\C:a\ tng. In the l 'nited 
State ... te\tilc: machincr~ firm .. ha\c: uni4uc .. 1rc:ng1h~ 
in \\arp ~am prcparati<>n and fabric fini-.hing c4aip
mc:nt \\ith aullH11atic c.m1n1ls [IOI. The maj,1r trend-. 
in tC\tik machmc:r~ inno\ations ... mcc the end ,1f the 
Sc:c,md W,1rlJ War an.· traced bd'n'. 

Cal T.·ur!.· pro,·.·u dc·1·dopmc·nt 

The purp..1.,c-. nf tc'\tik c4uipmcnt arc as folln\\.,: to 
comc:rt fibre., inh• ~arn: to \\Ca\c or knit the ~arn inh1 
fabric h1 dye:. print. and finish the resulting fabric: 
and ll1 produce garments ,1r other fabric product ... 
The C:CllOl>mic dimensions of the rrnces.. tlo\\ arc 
illustrated in figure(\._"'_ lhc: tcxtik machinc:s used for 
all ,>f thc:sc: procc ..... c:., arc high!~ spccialiud. each 
performing .ml~ a gi\cn set of com·crsion acti\ itic:s. 
At fir-.1 the: fibrc:s arc: subjected to an C\ er-increasing 
rate ,>f linear speed. The...e relati\ e m.Hi,ms reduce the 
mass of am11rphous fibres inll1 fine. stmng thin 
strands I ~arn spinning I. acc,1rding to certain product 
specifications. The re .. ulting endless single strands are 

manipulated u~ing a perpendicular nlllti•m 10 form a 
'hc:d of ,1pening and dosing ~arn ... thu,. resulting in a 
\\,1\en fabric. An ~llmated "'5 per cc:n! ,if all labric-. 
pr.~ucc:d arc nf thi-. t~ pc:: the: remaining fabri.:athm" 
are knmeJ ,1r ;ire: charactc:ri1ed a .. n,1n-\\,1\c:n ... 

The: aims of these: .;,1n\er.,i,m procc:-. .. c:s are a., 
foll1m ... : 

f1.11 T,1 produce: a high!~ fashwnabk and uniform 
product: 

fflJ T,1 crc:ate a stnmg pr,iduct \\ith certain othc:r 
dc:,irc:d physical dimensions. including touch and 
\ari,1u-. ac:sthc:tic charackri,.tics: 

fc'J To pr<>ducc: the: ~arn and fabric c:conomicall~ 
and in \ ,1(umc:. \\ ith a minimum of lab.1ur inputs. a 
minimal numb.:r ,1f .. c:4uc:ntial step ... and a ... hon 
production time:. 

In order hi a.:hic:\·c: tno~:: three: maj,n goals c:ffc:cti\·c:I~. 
the textile: machinery industr~ has intn>duced the tech
nol,1gical inno\atitms di-.cussed in the following section. 

Figure IY.7. Textile-industry economic process flow 
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(b) Important techno/o_'(icoi inno•·ution.l 

The major technological inno,·ations introduced in 
the textile industr~ between 1950 to 1990 are reflected 
in table IV.35. These inno,·ations ..:onsisted mainly of 
new automatic bale: feeders. aernfeed s~stems. high
draft spinninl?. texturization. shuttlckss looms. n~edk 
punch machines. transfer printing. rotar~- screen print
ing and computer-integrated manufacture. They led to 
the following imprm·ements: 

fa) New machinery and methods were introduced. 
resulting in improved material handling within the 
mill: 

(b) New yarn spinning methods were created. 
resulting in increased labour producti\·ity and a 
reduction in the number of sequential processing 
steps: 

(c) New types of looms with higher speeds and 
impro\·cd fabric quality were made available: 

(d) New· dyeing. printing and finishing ~quipmcnt 
were introduced to improve the surface appearance of 
fabrics: 

(e) New· methods of carpel manufacture were 
created. including needle punch: 

(_{) Automation of machinery functions (robotics). 
machine self-diagnostics. machine self-correction from 
dc\·iations. textile design aiong with colouring. and the 
interlinking of processes were developed and com
mercialized. 

A more specific description of the imponant changes 
in key machinery will now be l?iven with technological 
projections being made to the year 2000 in some cases. 
Spinning of short and long staple. tcxturizing and 
weaving equipment will be examined. 

TAbl~ r.:.l). lijor tcd!Do!.ogj.;.al iDDQvatjons in the 

~lt..im~~Jm 

~ innontion 

llltoutic bile feedm !Vo-for- twisters 
.lutolltic bltlldilllJ feeden Jm tuturiutioa 
Olutt-ttd wds Electronic stop mtiOD Mid IUto-
PrecisiOD drilll frm5 lll1c rel- de'fioes 
1utoMtic dotfus 1utoatic loce 11iadus 
llatoutic tlld-piecinq Sllattltles5 1-. diffm11t types 
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11111-111& spiuilq Mtilq lldli111 
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lore eamrt--tfficieat llfl.ipmt ~ colour mlysis ud 11tdli11q 
l*tia11 of poll:ited tftl..U Tnafer pri11ti11q 
MactiOll of floor spa~ IDW't scnt11 printillq 
lutollltd lludlillq 1q11iplll!t llltouted iMU-Utioo 
Flllric lllrilU!t 0111trol ~ Ollllti- dyti.Dq lld fi1i.llli1111 
~ Clllltrvllld ~ blld5 r11q11 
~ iat.qrlted -'ICtllrillq ~lt spi•illl pr-.. 
S. fon of ldillt,lnttlli.-:e (sllOIUMd ttnioo) 

SIG!: 1.1. 11111ti911ti, "ftlt rtlltia.bip betWM tilt oriqia lld , 
dlff111i01 of idatri•I ~ltioo•, ia ....i.e.. t01. 49, lo. l.S (~~ 
1"2l ad frwlttlw.! bnru.uw 11 CM Ill-MM tm. futile Ml 
CloWlg laMtrlM (Olited lltl• ,-lic.t!OI, Sales lo. U7.ll.A.ll). 

(c) Shorr-staple rpir.nin~ 

Short-staple spinning im·oln:s all the preparator~ 
equipmem (blending up through yarn spinning) neces
sary for the conversion of short-staple fibres (cotton 
and synthetic staple fibres having cotton-like dimen
sions). Since the installation of such equipment there 
ha!. been a consistent increase in machinery produc
ti,·it~·. while investment costs hne risen as e:\pected. 
Empirical data confirming these trends is pro,·idcd in 
table IV.36 for selected years. with projections to the 
year 2000. The specific performance changes embodied 
within each of the sequential com·ersion steps is 
re\·icwed below. 

Blending and feeding. The outout of this process. 
expressed in pounds of fibre per hour. increased from 
200 in 1945 to 1.320 in 1987. It is expected to increase 
further to :uoo by the year 2000. Both producti,·ity 
and the cost of im·estment have increased. In 1945. the 
cost of one machine was $1.369; it reached S 103.448 
by 1987. and is expected to rise to S206.897 by the 
year 2000. This 151-fold increase in cost is much 
larger than the producti\-ity incr<!ase for the same 
period. c,·en if price adjustments arc made for 
inflation. The process of blending and feeding of raw 
materials gi\·cs an opportunity to the miil manage
ment to blend \·arious cotton varieties or growths on a 
large-mlume basis. The new technology has contributed 
to an improved blending process. 

Pickers. The introduction of new com·crsion tech
nology has had a profound effect on the processing of 
materials. Manual transport of laps has gi\·en away to 
an aerofced mode. thus increasing producti\·ity signi
ficantly with a rclati\·ely small investment. 

Cards. There has been more than a twelve-fold 
inc.rcase in productivity between the 1945 and 19K7. 
and another significant increase is ei1pectc~ by the 
year 2000. lhcrc ha\·e also been mounting im·estment 
costs. It is anticipated that the nominal price of cotton 
card will reach $172.414 by the year 2000. a significant 
increase over its corresponding price of S 103.44!! in 
1987. 

Dra11.ing and lapping. Dra"ing and lapping provide 
the means of blending the card slivers in preparation 
for the next process. Both types of machine have 
experienced significant increases in producti,·ity and 
investment costs. Output per hour and in\estmc:nt 
costs are expected to increase further through the year 
2000. 

Cnmbin?. The objective of this process is to 
separate within the fibre mass the longer fibres from 
the shorter ones. thus leaving a processed mass of 
fibre that contains a preselected minimum length of 
fibre. The end-result of this sequence: is that the yarn 
made out of this material will be more: uniform. 
stronger •ind finer than an equivalent yarn made on 
the carded system. Even though the: basic combing 
process has not changed. productivity and investments 
have increased. Productivity has increased because of 
the input of a greater lap weight an an increased 
m:11-hine ~reed_ The gains in speed (nip" per minute) 
and the: cost per unit arc also featured in table: IV.Jfl. 
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SmKm: Dlu for 1975·2000 fra1 litter n.clline llOrts; diu for im·l969 fra1 l.P.Olsen, Jlll.lU1ilL 
lllllYmx· (Ltrinqton, llaryllnd, 1.t1inqton Docks, 1971); and tl~litions by Stltistikoll Corpor•tion. 
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Ro,·ing and spinning. The major changes that ha,-e 
taken place within the spinning department arc 
reflected on the spinning frame itself and in,·olvc two 
proJuction parameters: through high-draft spinning 
and the de,·elopmcnt of new spinning methods. 
panicularly the type exemplified by the 0-E frame. or 
open-end spinning•. The impact of these changes has 
been to reduce the required number of pre-spinning 
steps. such as slubbing, and to limit in most cases. the 
need for roving to only one step instead of several as 
before. In addition. the newer frames run at much 
higher spindle speeds. with increases expected by the 
year 2000. Trends in speed (rotations per minute) and 
the cost per unit for both roving and si1inning arc 
reflected in table IV.36. 

(d) Long-staple spinning 

The long-staple spinning fibre system is basically 
oriented toward the processing of wool fibres (long 
fibres) and of synthetic staple with wool-like fibre 
dimensions. Over the years, modifications have been 
made to the traditional wool processing system for 
running synthetics such as acrylic and polyester staple 
fibres. The availability of historical data on processing 
wool machinery is limited, primarily because of the 
loss of significant wool markets to other fibres. such 
as acrylics and polyester staple in select apparel 
markets, and nylon filament and others in carpets. 
TaJlc IV.37 provides a complete listing of the key 
characteristics of certain processes of the long-staple 
spinning system for 1990. It should be added that 
speeds for the two-key processes. flyer rover and 
spinning. have doubled or nearly doubled from 1,030 
to 1.800 revolutions per minute for rover and from 
4.300 to 9,500 revolutions per minute for spinning. A 
review of the 1990 costs of all the listed machines 
indicates that a worsted fibre mill represents a 
substantial investment; in pa·.1cular, a single spinning 
frame of 204 spindles with automatic doffing costs 
approximately $351,000 in 1989 dollars. 

(e) Texturizing 

Synthetic fibre output is usually in the form of 
filament or staple. Since a filament has long strands 
and a smooth surface. it has proved useful in a large 
number of .:nd-uscs, such as women's hosiery. under
wear, linings. dresses and other applications. In order 
to expand the market for filament fibres. particularly 
nylon 66, heat treatment was applied to obt~ in elasticity. 
New markets thus opened for texturizcd filaments. 
such as sport shirts, men's hosiery and sweaters. and 
in home furnishings, particularly carpets. As shown in 
table IV.38, there have been significant technological 
changes in tcxturizing. The speed of air-jct and false
twist m-=thods have increased from approximately 
250 metres per minute in 1973 to more than 1,000 metres 
per minute in 1989. In addition to increases in 
productivity, the newer tcxturizing machines produce 
yarns with higher quality levels. 

•Thi• i• a relative new merhod of yarn formauon. In this procc.s 
the roving i• "broken" and 1he indmdual fibre• a·e moved on. 
usually by mean• of air current. 10 the ncu position where a 
revolvm1 drum collecl• and regroup! the fibre• •c<j•Jenually !" fnrm 
1heyvn. ' 
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(I) Wem·ing 

The construction of fabrics has accelerated tech
nological change during the period of interest. The 
traditional shuttle looms were gradually replaced by 
shuttleless looms. which not only pro\·ide higher 
speeds but also impron: fabric quality. Table IV.39 
identifies significant change:; over the period from 
19.i5 to 1989. with projectitms to the year 2000. 
Producti\'ity. expressed in terms of loom speed in 
picks per minute. is shown to have increased from 185 
to 900 picks per minute. and is forecast to rise to 1.000 

picks per minute by the year 2000. Another significant 
factor is the width of the fabric. permitting a gi\'en 
speed ttl co,·er a greater fabric area. In 19-l5 the 
typical apparel fabric width was J9 inches. while in 
19!19 this width had increased to 130 inches and is 
expected to grow further to l-l2 inches by the ~car 
2000. These producti\·ity impnncments ha\'e been 
obtained with an increase in costs. The price of a loom 
was S700 in 19-l5: it rose t.:i s.io.uoo by 1989. and is 
expected to reach S50.000 by the year 2000 in nominal 
terms The new looms permit better product quality 
through greater yarn and wo\'en fabric flexibility. 

hblt [V.3'. tmmolagigl i••ttiaa iP llN•ig aills. alec:ted NS 
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(g) Summary of machine characreristics 

The ab<ne inno,·ations entail tra(fe-offs between pro
ducti\ity. product flexibility and quality_ More recently 
these ha,·e lessened. and the industry has obtained 
both higher producti,·it~· and higher product fleitibility 
and quality. A fabrication method and product 
characteristic$ matrix. is presented m table IV .40. 
which outlines the relationship between machinery 
types (spinning and wca\"ing) and kc~· product charac
teristics (fibre and yam types used). as well as yam 
and fabric applications. With the yam manufacturing 
system. ring spinning pro,·idcs the greatest product 
flexibility. Howc,·er. it is less productive than other 
yarn-forming systems. in particular rotor, air-jct and 
friction systems. The newer spinning systems, especially 
rotor and air-jct spinning. arc able to produce a large 
number of yarn counts. at good quality and high 
speeds. suitable for most applications in bitting or 
wca\ing. 

The process of wca,·ing also provides a number c 
choices of loom type. There arc three major types of 
shuttlelcss looms in addition to the rcguiar shuttle 
loom, and each features some form of product 
S!l«ialization. Air-jct looms arc primarily used on 
plain and other similar fabrics. Rapier and projectile 
looms can weave more c.'.>mplicatcd types of fabric, 
such as colour stripes and designs. In addition to 
cotton and synthetic yams. they can use wool, 
worsted. jute. glass and other types of yarn. 

3. Tr~nds in machin~ry sal~s and capital inv~stment 

(a) World investmeni putterns 

Official data <JO world sales of textile machinery arc 
not available. However, the estimated level of such 
expenditures is provided in table IV-41. In interpreting 
the table, it is important to regard the terms machinery 
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sales and c. ·pita I expenditures on textile equipment as 
synonymous. That is, capital investments by the textile 
industry represent an equivalent value of sales by the 
textile machinery industry. Also estimated in table 
IV.41 arc mill investments in spindles and looms, as 
well as aggregate expenditures for all the other types of 
equipment (opening, blending, cards, combers, dyeing, 
printing, finishing, tufting and other equipment with 
their parts and supplies). The data do not include 
expenditures on land and buildings. An examination 
of the table reveals that all the indicated regions have 
participated in various degrees in textile machinery 
investments. The largest in 19!!8 occurred in Asia and 
Oceania with a total of $7 hillion in investment, 
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Figure IV.8. World textile-machinery capital 
expenditures 

Total: $ 15 176 million 
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followed by the EEC with $3.5 billion. To illustrate 
the distribt!tion. figure IV.8 portrays the share of 
expenditures for each region as a percentage of total 
world expenditures on textile machinery. Asia and 
Oceania account for 46.3 per cent of total capital 
investment. The shares of other regions are 23.2 per 
cent for the EEC, 11.9 per cent for Eastern Europe 
and the USSR, 10.5 per cent for North America and 
less than 4 per cent for each of the remaining areas. 
This investment pattern suggests that many devel
oping countries in Asia are placing considerable 
emphasis on the modernization of their textile industry. 
A greater proportion of the investment was in 
spinning rather than weaving equipment. The global 
textile industry thus placed more emphasis on up
grading its yarn-making capacity. 

The selection of leading investment countries given in 
table IV.42 is based on data contained in table IV.41. 
Japan is shown to have had the highest estimated textile 
investment expenditures among the developed coun
tries. followed by Italy. USSR. United States and the 
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Federal Republic of Germany. Among the developing 
countries and areas. the Republic of Korea had the 
highest textile im·estment expenditures. followed by 
Taiwan Pro\·ince. China. India and Brazil. For .sn 
analysis of these investment patterns it is necessaf}· to 
examine the specific major types of textile machinery 
purchased in 1988 by the mills in approximately 
112 countries within the eight major geographic 
groupings. In table IV.43. estimates of total installed 
spindles and loom capacities by type of machine are 
given, together with the estimated rates of machinery 
modernization in the various regions of t!te world. 
The main field of interest is spinning equipment and 
weaving machinery. 
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(b) lm·estment in spinning frames 

Table IV.43 provide~ world investment estimates for 
short- and long-staple and 0-E rotor spindles. as well 
as information on the rate of equipment moderniza
tion between 1979 and 1988. The largest installed 
capacities of short-staple (cotton-type) units can be 
found in Asia and Oceania; the largest capacities of 
long-staple fibre (wool-type) units are located in the 
EEC; and the largest 0-E rotor installations can be 
found in Eastern Europe and the USSR. A possible 
explanation for th..: turnover in Asia and Oceania is 
that its population requires a large textile industry to 
support its needs. 

Table IV.43 also shows that by far the greatest 
number of spindle installations are for short-staple 
fibres. By 1988, there were an estimated 154. I million 
short-staple spindles in place. Their geographic distri
bution is ~iven in figure IV.9 for 1979-1988. There were 
also 16.5 million long-staple spindles and 8 million 0-E 
rotor units in place. Most interest has been in the 
increasing purchase of 0-E rotors. Purchases of short
staple accounted for 16.2 per cent of total installed 
short-staple spindles during that period. Long-staple 
spindle purchases were 21.2 per cent of the correspond
ing total; and new installations of 0-E wtors nearly 
doubled during the 10-year period. Even though 0-E 
rotors currently have the smallest number of installed 



Figure IY.9. Installed world spinning ca1>11city, 
by region or economic grouping, 1988 
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units, there is strong potential for rapid future growth. 
One of the major attractions of 0-E rotors is that 
these rotor frames can spin at nearly twice the speed 
of ring frames. with a consistently good quality of 
output. 

Global expenditures on the three t~pes of spinning 
machines during 1988 are shown in table IV.44. An 
estimated $2.8 billion was spent for the purchase of 
spinning frames. The major thrust of these in\'est
ments came from Asia and Oceania (primarily Asia). 
which accounted for an estimated $1.38 billion. The 
EEC also mad..- major but lesser expenditure~ of 
$629 million. Tables IV.49 to IV.56 in the appendix to 
the present sar\'ey give details of 1988 expenditures on 
the three types of spinning frames and totals for each 
region. country and area. In addition. for each region 
estimates are given on the total installed capacities by 
types of spinr:ing, together with the rates of moderni
zation of particular countries. 
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The data reported in the tables show that in Afri.:a. 
Egypt. Morocco and South Africa are in\·esting 
hea\'ily in spinning equipment. In the Americas. the 
United States. Brazil and Venezuela are the three 
dominant in\·estors in spinning frames. Within Europe. 
the largest expenditures are made in the USSR. Italy 
and the Federal Republic of Germany. In Asia and 
Oceania. there is a greater intensit: of in\'estment. 
with major expenditures by more countries and areas. 
in particular China. India. Japan. Republic of Korea 
and Taiwan Pro\·ince. A summary of the ty~s of 
spinning equipment purchased appears in table IV.45. 
which provides two types of comparison of geographic 
areas. In what can be called a \·enical comparison. 
it appears that Africa purchased 5.4 per cent of all 
short-staple spindles. while Asia and Oceania had a 
greater investment with 61.4 per cent. The comparison 
re\·eals the imponance of a particular spindle frame to 
a region. As reflected in table IV.44. Asia and Oceania 
accounted for the largest purchases of short-staple 
spindles. while the CMEA and EFT A countries 
separately purchased the smallest portion of the same 
type of spindles. 

The other evaluation presented in table IV.45, 
called a horizontal comparison. reveals the imponance 
of the three types of spindle frames within each 
region. For instance, firms in Africa have made 
62.8 per cent of their investment in short-staple 
frames. 15.4 per cent in long-staple frames and 
21.8 per cent in 0-E rotors. 

Within the \·ertical type of comparison. the share of 
expenditures of a given region can also be compared 
against the total or world value which would be 
considered an a\'crage rate of expenditure on a 
particular type of spinning frame. In the case of 
Africa. 62.8 per cent of its expenditures on short
staple spindles can be compared against 38.5 per cent 
for world expenditures on the same type of machine. 
Such figures might suggest that Africa is placing too 
much emphasis on this type of equipment. fa·en 
though there are many types of technoiogical impro\'e· 
ments in the short-staple spinning frames (in terms of 
speed, draft and other production parameters). new 
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in\·estments should be directed more toward the 0-E 
rotor frames. These machines offer much higher 
productivity at an equi\·aknt quality of output. 

Another inference from table l\'.45 c•1m.--crns the 
emphasis placed on long-staple or wool-type yarn 
spinning. The proportion of expenditure on this type 
of spinning frame re\·eals the regional importance of 
processing wool and wool-like fibres. As shown in 
table IV.43. the EEC and Asia and Oceania have the 
leading producing capacities in wool and wool-like 
fibre spinning. In \·iew of the increasing demand for 
natural fibres including wool. it seems that the 
increased investment in long-staple fibre spinning is a 
positive strategy for those countries. 

(c) Jn,·estment in "·ea,·ing loom 

Estimates of installed global weaving capacities are 
gi\·en in table IV.46. Wening capacity includes the 
traditional shuttle looms. the \·arious types of shunle
less looms and. for some Asiatic countries. hand
looms. As of 1988. the estimated number of al! types 
of looms installed was 3.87 million. The dominant 
loom installations are in Asia and Oceania. with an 
estimated 2.51 million units of all major types of 
looms. shuttle and shuttleless. for cotton iabrics. 
filament yarn looms and wool looms. Next in line. 
Eastern Europe and the USSR ha\·e the highest 
number of installed looms with 447,242. followed by 
the EEC and North America. each with approximately 
235.000. Table IV.46 also shows the rate of loom 
modernization as measured by the number of looms 
(shuttle and shuttleless) purchased between 1979 and 
1988. Modernization is reflected in the percentage of 
new looms compared with the installed capacities of 
the same types of looms. The table suggests that firms 
in Africa and Asia and Oceania placed a relatively 
small but still dominant emphasis on the purchase of 
shuttle-type looms (9.09 per cent and 6.97 per cent. 
respectively. in the two regions) Firms in mosr other 
regions have emphasized the purchase of shuttleless 
looms during the same period. Gi,;en higher produc
tivity, it appears that investment in shuttlcless looms is 
preferable. 

Estimates of sales of shuttleless looms (rapier and 
projo:!.:tile. air-jct. water-jell and conventi.mal shi:nle 
looms in 1988 are shown in table IV . .J7. The pre
dominant im·estment centre for shuuleless looms is 
Asia and Ck--cania. with expenditures of S 1.0~ billion 
on that type. and $376 million on shuttle iooms. 
Investment in shuttleleso;: looms in all regions had a 
combined total of an estimated s~.13 billion. (m·est
ment in shuttle lol'ms were less significant. the EEC 
and EFT A making no apparent im·estment in that 
type during the same period . .-".II the remaining regions 
had at least some in\·estment. Further details on loom 
shipments and installed weaving capacities in 19MS. 
with modernization rates between 1979 and 1988 for 
each geographic area and for about 112 countries 
within those areas. are given in tables IV.57 to IV.64 
in the appendix to this survey. 

The countries and areas with the leading wea\·ing 
capacities and loom modernization rates in the dif
ferent regions are briefly reviewed below. 

Africa. Data for Africa are given in tables IV.57 
and IV.58. The countries with the leading weaving 
capacities within this region arc Egypt. Nigeria. 
Algeria and South Africa. Countries with the highest 
modernization rates arc Botswana. Mauritius and 
Swaziland. In spite of extensive modernization. the 
last three countries hne only a relatively small total 
im·estmcnt in looms. 

The Americus. The data in tables IV.59 and IV.60 
show that in the Americas in 1988. the leading 
investors in looms were United States. Mexico and 
Brazil. The highest modernization rates during the 
indicated 10-ycar period were in the United States. 
Vcne:wcla. Ecuador and Mexico. 

Europe. Statistics for Europe arc prO\·!ded in 
tables IV.61 and IV.62. The principal loom-investing 
country in 1988 was Italy. However. there arc many 
other countries with lesser but still significant im·esr
ments. These include the Federal Republic of Germany. 
France. USSR and Spain. Modernization during the 
period 1978-1988 was undertaken by a number of 
firms in many European countries. the leading ones 
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being Austria, Federal Republic of Germany. Italy. 
Belgium. France. Finland and Sweden. Many other 
European countries ha\'C also had a certain lc\'cl of 
modernization. 

Asia and Oceania. Tables IV.63 and IV.64 list 
many countries and areas that ha\'c made major 
in\'cstmcnts. including the Republic of Korea. Japan. 
Taiwan Pro\'incc. India and China. High rates of 
loom modernization have taken place in Australia. 
Hong Kong and Taiwan Pro\·incc. Some other coun
tries also have rclati\·cly high rates. but their loom 
im·cstmcnts arc minimal 

(d) /n11estment intensity 

A comparison of the intensity of investment in 
looms in 1988. between and within the various 
regions. is provided in table IV.48. The perceniagc 
comparisons arc based on the conversion of shipments 
into an equivalent dollar value. Major inter-area 
investments in shuttleless looms were made in Asia 
and Oceania (50.69 per cent). the EEC (23.81 per cent) 
and. to a lesser extent, in the remaining regions. The 

preferred t~·pcs of im·estmcnt hnc been in rairicr and 
projectile and air-j~t shuttlclcss looms. The dominant 
region for shuttle looms is Asia and Oceania. The data 
suggest that firms in many countries are in \·arious 
degrees engaged in the modernization of their wcning 
industries. even though the costs are quite high. 

4. C 011d11Sio11s alUI o•tlool 

Textile management has faced an array of significant 
technological changes since the 1950s. The following 
dramatic changes ha\C resulted from the influx of new 
processing technologies: 

(a) Productivity increases; 

(b) lmpro,·cmcnts in product quality; 

(c) Greater flexibility of production; 

(d) Greater quickness of response to styling and 
fashion changes; 

(e) ~eduction in the number of processing steps; 

(j) Increased automation; 

(g) Increased investment costs. 

Today the advanced textile machinery technologies 
can be shared equally by the North and the South. In 
reality. neither of these two regions can develop a per
manent competiti\·c production advantage. technologi
cal transfer (through the acquisition of machinery) 
having brougl-t an industrial democracy to textile 
manufacturing. Any textile firm anywhere in the world 
now has access to the most ad\·anccd technology 
through the purchase of new equipment. Howc\·er. it 
appears that the major factors in the success of a firm 
or country will increasingly be improved management 
and marketing techniques, particularly the develop
ment of marketing strategics related to new product 
development, compctiti\'e price setting. better distribu
tion and the dcvc:opment of an effective promotional 
programme. possibly through a brand name. It seems 
that there will be a greater need in the global textile 
market for high-value-added merchandise. 
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D. Phosphates (ISIC 3512)* 

I. Recent trends and current conditions 

Over 85 per cent of the phosphate ore mined 
throughout the world is processed to be used in 
fertilizers. Phosphorus is one of the three major 
components of fertilizers, the others being nitrogen 
and potassium. Phosphorus is also used as an animal 
Iced additive and a detergent additive, and has 
important industrial applications. Three distinctive 
processing stages can be identified in the phosphate 
industry. The first two stages consist of raw material 
production and intermediate fertilizer manufacture. 
At the raw material production stage, phosphate rock 
ranging from 26 per cent to about 34 per cent 
phosphorous pentoxide ( P10 1) is the beneficiated 
product of phosphate ore rather than the in situ 
material. The most common intermediate fertili1.er 
materials are phosphoric acid, ammonium phosphates, 
triple superphosphate and normal superphosphate. 
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Phosphatic fertilizers refer to the group of products at 
the second processing stage, which are not normally 
distinguished individually. The third stage of pro
cessing involving fertilizer mixing and blending is not 
considered in this section, since an investigation of the 
processing of the other two components in fertilizer 
mixing, namely nitrogen and potassium, would also be 
required. In section A, on the chemical industry, the 
subject of fertilizers is also discussed. 

The phosphate rock and phosphatic fertilizer indus
tries have been historically stable. Before 1960, prices, 
output and investment did not exhibit the cyclical 
swings common to other industries. This pattern 
abruptly changed in the 1960s, when over-capacity 
developed. The growth of phosphatic fertilizer trade 
since the mid- l 960s has transformed the industry from 
a relatively regionalized type of business without 
much financial cyclicality, to an interdependent inur
national operation, with rather pronounced cyclicality. 
The causes of cyclicality in the pas~ have been mostly 
changing patterns of inflation and recession. In the 
United States, price movements nave been more 
closely connected with swings in crop prices. As most 
phosphatic fertilizer export surpluses continue to be 



held by Morncc0 and the united States. market 
competition has been effectin:ly limited. with prices 
rising by ar0und S5 per tonne over the past two years 
to a 1988 level of SI I:! per tonne. Although the 
current price levels give most established producers a 
relati\iely good return compared with produc;ion 
costs. prices are not seen as sufficiently high to replace 
existing capacity. New capacit~ at present requires 
about 30 per cent higher price levels in order to be 
economic. 

The growing di\'ersity of the world fertilizer produc
tion base makes it difficult to control supply. Phos
phate manufacturing plants have increased production 
to meet rising world demand. With the exception of 
Christmas Island. which ceased production in 1987. 
production rose world-wide in 1988. In some 31 coun
tries in 1988. output amounted to 143 million tonnes. 
about 5 per cent higher than in 1987. The most 
significant pr~duction increases occurred in the United 
States and Morocco. West African producers also 
increased output in 1988. despite decreases in net sales 
by Togo to Western Europe. Senegal increased its 
sales as a result of increased exports to the Philippines. 
Togo balanced its losses with the Netherlands and 
United States marlcets by increasing trade with Australia, 
Canada. Philippines and Poland. In the United States, 
many plants have reopened. Elsewhere, plants intended 
for capacity expansion are being completed. 

The phosphate rock export market is steadily 
gaining stre11gth. Exports rose in 1988, mainly owing 
to improvements in Morocco and West Africa. In the 
United States. the export trend is rising thanks to 
increased sales to Northern Europe (Norway and the 
Netherlands), Asia (India and Japan) and Australia. 
Canada. however. reduced its purchases of United 
State'i phosphate to the benefit of overseas competi
tors. United States exports to Canada decreased from 
1.5 million tonnes in 1987 to 1.2 million tonnes 
in 1988. Fo:lowing a period of increasing growth. 
exporters in North Africa and Western Asia recorded 
a slight decrease in 1988. Jordan managed to maintain 
sales at the 1987 leh!I. and sales by Syria rose by 
0.3 million tonnes. Other exporters in the region have 
been less fortunate, with a total loss of 0.4 million 
tonnes. Morocco. owing to increased trade with 
Southern Europe (in particular Spain and Italy). 
Mexico and the United States. considerably increased 
its exports in 1988. On the other hand. increased 
go\iernment intervention in almost all domestic markets 
has hampered free trade. 

Fertilizer demand is determined by the many 
diverse factors (including weather and government 
policy) affecting the agricultural and industrial con
suming industries. rather than by producers and 
suppliers. Phosphate usage has thus become more 
susceptible to basic crop economics. For example. the 
degree of decline of the phosphatic fertilizer market in 
the United States and Western Europe from 1981 to 
1987 increased significantly as a result of the deliberate 
curtailing of applications by growers attempting to 
minimize fertilizer costs. Phosphate rock consumption 
has been relatively depressed in recent years because 
of the high levels of grain stocks in key consuming 
areas, such as North America and Western Europe, 
and the resultant low level of grain prices and the 
compulsory set-aside of land, both of which tend to 

depress fertilizer usage. However. in the United States. 
as a result of a persistant drought that reduced the 
,1utput of many crops. particularly cereals. in 1988. 
cereal stocks have been reduced from their previous 
heights to below acceptable levels. and grain prices 
have risen. Such factors have caused an increase in 
fertilizer usage, which will undoubtedly persist in the 
United States beyond 1990. World-wide. the economic 
reco\'ery of the past few years has affected the 
consumption of fertilizers positi\i·ely. espc.:ially that of 
de\'eloping countries. In 1988. consumption rose by 
3 per cent. The general economic recovery has led to 
sustainable growth in indi\'idual branches of the 
phosphate industry. 

In 1988, the overall good climate of the phosphate 
industry did not significantly affect imports into 
Western Europe. Plant closures in France. Federal 
Republic of Germany. Spain and United Kingdom. 
together with the rec~nt em·ironmental legislation and 
agricultural policies of the EEC. ha\i·e negati\'ely 
affected imports into the region. With the exception of 
the United States, other trading partners decreased 
exports to Western Europe in 1988. Eastern European 
countries were the second largest buyers of phosphate 
rock in 1988. Consumption increases stimulated im
ports in Bulgaria. Czechoslovakia and Yugoslavia. In 
Oceania, improvements in the crop export market 
increased imports of phosphate rock. 

(a) Production of phosphate rock 

World production of phosphate rock increased by 
1.2 per cent in 1988 over the previous year, reaching 
143.2 million tonnes. Th!s figure is slight!: higher than 
output in 1980, reflecting attempts to curtail O\'er
supply, which precluded all but essentially new in\'est
ment throughout the 1980s, and in fact led to a net 
reduction in capacity in the market economy countries 
in 1988. As a result, capacity utilization in the market 
economy cour.tries increased from 73 per cent in 1987 
to 78 per cent in 1988. This represents a relatively high 
level of capacity employmen~. and is one reason for 
the continued rise in international phosphate rock 
prices. Phosphate rock production in the top 20 pro
ducer countries is reflected in table IV.65. Production 
increases ha\'e been more pronounced in the South. 
where producers regularly increased capacity during 
the 1980s. The share of de\·eloping countries in total 
world output increa'led from 30.6 per cent in 1980 to 
36 per ctnt in 1988. about 3 percentage points higher 
than that of the North. Centrally planned economies 
also increased their share of output during the same 
period. The United Stales. the USSR and Morocco 
accounted for around 70 per cent of production in 
1988. 

The United States is still the largest producer. 
although its output fell by 30 per cent between 1980 
and 1988. A small change of 1.5 per cent occurred in 
1988, reflecting an industry upswing. Among the 
individual states, Florida and North Carolina lead the 
country in output. Since the mines in Florida are 
likely to be exhausted by the turn of the century. the 
anticipated inability of the United State'> industry to 
maintain phosphate rock and fertililer exports will 
have a serious impact on the world supply. In other 
developed countries, South Africa decreased its output 
by 25 per cent between 1980 and 1988; the output of 
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Oceania was also down by 250 per cent from its 1981 
level; and Western Europe substantially increased its 
output from 208,000 tonnes to 774,000 tonnes between 
1980 and 1988. Other major increases were achie\·ed in 
1988 by Israel. with 7.8 per cent, and Finland, with 
4.5 per cent. 

Turning to developing countries, phosphate rock 
production in Africa wa~ up IJ.3 per cent owing to 
sizeable increases in Tunisia and Senegal. amounting 
to some 2R per cent and 22 per cent. respectively. 
between 1980 and 1988. Algeria also experienced a 
moderate increase of 4.5 per cent during the same 
period. Morocco, wilh the largest reserves (approxi
mately 21 billion tonnes compared with a world t.>tal 
of 35 billion tonr.es) is the third largest producer in 
the world. Its 19!!8 output level of 21.~ million tonnes 
represents a JU·TIP of 12 per cent from 19XO. Latin 
American output was also up 41 per cent during the 
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same period. while ~orth Africa and Western Asia 
and East Asia exhibited similar trends. In other 
de\·eloping c1mntries. ~mtput decreased by more than 
one half from 11180 to 198!i. 

In the l'SSR. the producti~m of phosphate rock is 
estimated to have reached 34.8 million !Onnes in 1988. 
a growth of only I per cent O\'er the 1987 le\'el. The 
major supply source for phosphate rock is the Kola 
Peninsula. where the mining cm·ironment is cxtrcme1y 
hostile. Because of the steadily rising cost of pwduc
tion. phosphate rock rccO\·ery profiles for the USSR 
arc expected to continue to deteriorate during the 
1990s. when considerable replacement capacity will be 
needed. In China. the fourth largest rock producer in 
the world. phosphate output was down from its 1980 
lc\'el by 19 per cent. To reduce its demand-to-supply 
imbalance. the country planned to develop the Wengfu 
Mine in Guishow Pro\·incc. which would increase 
production by ao additional 2.5 million tonnes per 
year. 

The following supply conditions exist in the remain
ing producer countries. Jordan in.creased its produc
tion by 43 per cent between 1980 :ind 1988. The 
Jordan Phosphates Mines Co. began to produce 
phosphate rock from the Shidiya Mine. some 120 kilo
metres cast of Aqaba. Production at Shidiya has 
replaced rock from the El Abiad and El Hassa mines. 
136 kilometres south of Amman. The output of Brazil 
was up by 38.8 per cent. Industrias de Fosfatos 
Catarinense, a joint \'Cnturc among Adubos Tre\·o. 
Fcrtisul and Quimbrasil and possibly Pctrobas Fcrtili
zantcs planned to produce phosphate rock in tt:~ 
southern part of the country. Plan.; were made to mine 
900.000 tonnes per year at Anitopolis in order to 
produce phosphoric acid. The Tapira phosphate mine 
was being expanded from 1.4 million tonnes to 2 million 
tonnes per year. 

In Togo, output was down by 11 per cent. reflecting 
a gradual erosion of the market share of that country. 
The EEC has agreed to supply funds to the Office 
togo/ais des phosphates to offset the loss of future 
phosphate rock export earnings. The EEC has also 
reduced acceptable cadmium levels in its pho!>phatc 
rock imports. a requirement that has limited imports 
of high-cadmium products from Togo. As a conse
quence, the funds have been used to determine the 
optimal method of cadmium removal and to develop 
another carbonitc phosphate deposit with lower levels 
of ;admium. Etibank, the only producer of phosphate 
rock in Turkey, has constructed a new concentrator at 
its Mazidagi phosphate plant. The new plant was 
programmed to produce 550,000 tonnes per year by 
1990. 

(b) Production of phosphatic fertili:ers 

The international pattern of production reflects a 
changing distribution of production cap<scity between 
developed market cc1>nomics, centrally planned eco
nomies and developing countries. In the early 1950s. 
the production of fertilizers was heavily concentrated 
in Western Europe. North America. the USSR and 
the centrally planned ec:momies of Eastern Europe. 
amounting to around !15 per cent of world production. 
This concentration resulted from the gcegraphic distri
bution of reser\'es and technological expertise. high 
le\'els of industria!i1ation and large domestic markets. 



During the past thrc:e de..:ades. ho\l.e\er. the demand 
for fertilizer in most dneloping countries has gro" n. 
~ew emphasis on agri..:ultur.il consumption has gene
rated a need for a ~ignifi..:ant increase in the produc
tion of chemical fertilizers. Despite a production 
increa:;e in phosphatic and other fenili1ers. in particular 
nitrogen and potash. a substantial gap still prevails 
between fertilizer production and rnnsumption in 
those countries. 

During the 1980s. the processing of phosphate ore 
beyond the rock stage r0se sharply. when the process
ing industry of de\·eloping ..:ountries experienced a 
considerable upswing. As may be seen from table IV.66. 
"orld productil>n of phosphatic fertilizer~ grew by 
18.3 per cent between 1980 and 1988. and by around 
6 per cent in 19ll8 1.l\er t!te le\·el of 1987. Of most 
significance was the sabst;mtial increase recorded in 
the South. The main impetus came from significant 
capacity expansions in Indonesia. Morocco and India. 
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am,lunting to a growth of 90-l per cent. 280 per cent 
and ! 20 per cent. respectively. bet ween ! 980 and I 98S. 
Of less significan..:e is the industQ gwwth recorded in 
..:entrally planned econ•lmies. Produciion in thllSe 
econ•lmies sti!I depends on substantial rock imports 
from Morocco. 

As shown in figure IV. IO. the phosphatic fertilizer 
supplies continue to be dominated by the United 
States. the l1SSR and China. Their combined output 
in 1988 constituted 55 per cent of the world total. 
World production in 1988 was 39.6 million tonnes. up 
some to. I per cent from the pre\·ious year. Production 
in de\ eloped market economies was just O\'er 16 million 
tonne-;. some 3.6 per cent below 198i and IO per cc:nl 
below !980. Table l\'.66 shows that the l'nited States 
Cllntinues to dominate phosphatic fertilizer supply in 
the !'\orth. In the South. the major producers are 
India and Brazil followed by Tunisia and Morocco. 
Among the centrally planned economies. the biggest 
producers are the USSR and China. 

Figure IV.10. World's top 10 producers 
ofphosph8ticfertDlzer,1988 

Millions 
of tonnes 

10 Worltj total: 39 609 million tonnes 

Source Fer1111zer Yearbook 1varrous •SsuesJ tR.)me. Food and Agrr· 
culture Organization of the United Nations) 

(c) Trade in phnJphauc fertili:en 

Because imbalances pre~·ail between production and 
consumption in both developed and developing coun
tries. there is considerable international trade in 
phosphatic fertilizers. As shown in table\ IV.67 and 
IV.6K, total trade amounted to 19 miiium tonnes in 
19KK. On the import side. quantities \I.ere distributed 
a' follow': 41.6 per cent by developed market eco
nomics. _,4.9 per ce!'lt by developing countries. and 
23.5 per cent by centrally planned economies. Imports 
by centrally planned economics gr~w more than 
,cvcnfold during the period 1980-1988. lmpom by 
China "ere up by 6110 per cent d1mng the 'amc 
period. "hile in lhe I 'SSR they jumped by l.OK6 per 
cenl. 
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The source of such imports has changed over the 
years. with the import share from developed market 
economies now standing at 52. 7 per cent. Substantial 
import increases were recorded in Belgium. Spain and 
the United Kingdom. However. ;mport shares from 
developing market economics rose by only 17.6 per 
cent. despite a global increase in world import 
dependence between 1980 and 1988. The dependence 
of developing countries as a grnup declined sub
stantially. The import-dependence ratio (the ratio of 
imports to consumption) of developing ma:ket eco
nomics decreased from 44.9 per cent in 1980 to 
34. I per cent m 1988. In the North. the import
dcpcndcncc ratio was measured at 17.3 per cent in 
1980 and 32.4 per cent in 1988. This rctlec•s the 
persistent imbalances in global fcrtili1cr allocation and 
use. 
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Exports by developing countries of phosphatic 
fertilizers grew almost threefold between 1980 and 
1988 (from 872.273 tonnes to 2.353.175 tonnes). 
displaying a trend towards increased trade among 
developing countries. However. in terms of total 
world exports. the share of dc\·cloping countries rose 
by only 9 per cent during this pcriad. Whereas the 
South accounted for only 12.8 per cent of world 
exports in 19110. it provided 23 per cent of the total 
in 19118; that of developed market economics and 
centrally planned economics was 70 per cent. and 
6.!! per ccnl. respectively. in 191!1!. 

At present. 88 per cent of developing-country 
exports arc accounted for by only six countries. 
Among that group of countries, those endowed with 
natural gas, sulphur and other necessary inputs for the 
production of phosphatic fertilizers have recently 
become active in ~xport markets. thanks largely to 
new productive capacity built in the 1970s and 1980s. 



Although the e'fX'rt earnings ,lf those C•>Untries ha\e 
increased. the questi•>n remain .. a!> h> how much ,,f the 
earning" h;ne acc!"unt rn d•lntestic fact.>r" ,,f pn>duc
tion. 

Anal~srs <lf curr..-nt krtili1er tariff flrl>tection in 
Je\el•>pcd marlet ec•>n•lmics. re\eals 1ha1. whik tariffs 
tend to escalate s•>mew hat al higher stages of pro.:ess
ing. their o\erall pr,>tecti\·e effects do n•>t at present 
p.lse a seri<>us •>bstade lO marlet ac~-...s~. This is 
large!~ due ''' the broadnc:.s ,,f product c.wcrage 
under th( gencrali1ed s~stcm •lf preferences 1GSP). 
which eliminates <lr reduces the inhibiting effects of 
the tariffs norr:;all\ k\ied on fertilizer products ( 11 J. 
Basic inputs such as sulphur and natural calcium 
phosphates generally recei\·c duty-free treatment or 
arc co\·ered by GSP in the markets of must de\·clopcd 
market economies. Intermediate products such as 
phosphoric acid face most-fnoured-nation tariffs of 
from .2.9 to 11 per cent. There is a mixed tariff 
treatment for the important end-products falling in 
the phosphatic and other fertilizer categories. 

While the GSP limitations hne beer. applied to a 
few de,·eloping-country exporters under EEC and 
United States regulations. SC\·eral fertilizer-producing 
countries ha,·c been denied GSP beneficiary status by 
the United States. and thus face tariff pr<>tection and 
reduced competiti\·eness in that marlet. Although it is 
difficult to quantify the protecti\'e impact of non-tariff 
measures. they arc currently imposed or. fertilizer pro
ducts exported by de\'eloping countries. The majority 
of de,·elopcd market economies apph· 'iUCh measures 
of one son or another. in particular to nitrogenous 
and other fertilizers. The more frequent are licensing 
measures. technical stand3rds quotas. anti-dumping 
duties and marketing and packaging requirements 
[ 1.2]. 

Q,·crall. dc,·eloped countries ha\'c widened access to 
their markets for de\·cloping<ountry fertilizer exports. 
There docs not appear to be any o\·erly rcstricfr•c 
practices. especially in the light of emerging dc,·cl
oping-countr~ participation in the fertilizer industry 
and the current depressed world economy. Against 
such a background. certain structural adjustments arc 
occurring in the form of increasing participation in rhc 
industry by de\'cloping countric'i endowed with oil. 
natural gas and phosphate rock. while at the same 
time some developed countries arc restructuring their 
fertilizer industr~ to comply with shifts in inter
national comparati\'C ad\'antagc. 

Id) ( ·omumprion of phtHpharic far iii :ers 

World consumption of phosphatic fertilizers rose by 
tl per cent between 19!!7 and 19!!!!. following a series 
of regular annual increases. The: lJSSR continues lo be: 
the: major world consumer of phosphatic fertilizers. 
followed by the: IJnitcd States and China. India is the 
fourth large'il consumer. While: consumption in dc:\'el
opc:d countric:'i decreased ~ignificantly between 19!!0 
and 19!!!!. consumption in centrally planned economics 
increased by 47 per cent over the same: period. The 
"hare of the latter in total world demand also 
increased from J4.Q' per cent in 19!!0 to 4.lJ per cent 
in 19!!!!. Total consumption in the North remains 
higher than in the, South hy a <> per cent margin, 
although con,umption in the: South has hcc:n ri~ing 

regularly. 

Phosphate demand wMld-widc increased t<> ~f>.9 mil
lion tonno. a rise of ab<>u1 IS.fl per ~-en: fr,>m its 19SO 
Incl. As sh.>wn in table (\".f>9. phllsphatic fcrtili1cr 
usage in '.'\orth America and Western Europe has been 
rclati\el~ depressed in reccnl ~cars because <lf high 
k\cls of grain shl\:k!.>. the rcsultir.g l<lW grain prices 
and the C•>mpulsor~ sci-aside nf land. Cnn'.'<!-tuenll~. 
between 19!10 and 19S!i demand wen! dt•\\ n b~ ~1.4 per 
cent in '.'orth America and b~ 15.9 per cent in 
Western Europe. where phosphate r<l\:l usage has 
declined more or lc:~s continuously since I 91i0. The use 
of phosphali( fertilizers has stagnated in man~· coun
tries in the region. including France and the Federal 
Republic llf Germany. Demand in the ~orth is 
expected to remain below 20 million tonnes in the 
comir.g ~·ears. as the major agricultural countries 
stri\'c 10 control output and to minimize pollution. 
The demand for phosphatic fertilizers was also down 
in Oceania between 1980 and 19!18. 
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Africa. Asia. the l'SSR and Latin Ar.terica. how
e\·er. saw an increase in phosphate con~1.1mption 

bct\\ee!'! !9~0 and 19!!~- These agricuhurall~ laggin~ 
regions of the world will continue t<l record higher 
fertili1er needs at least for the next decade. 1 he 
strength of phosphate demand in Asia will benefit 
producers 1ha1 ha\-e lower rranspor: costs. such as 
Jordan. In Asian countries such as China. India and 
Pakistan. recent increases in food production ha\c 
been largely achic\·cd by increased applications of 
nitrogen. supported by soil phosphate rcsen·es_ 

World consumplion of phosphate rock by industry 
and h~· l"egion i~ gi\·en in 1ablc IV.70_ The use of 
phosphate products in li\·cstod and poultry feeds 
occurs not on!\- in ~·forth America. but also in other 
countries with- sophisticated feeding practices. The 
animal fc:c:d indus1r~ uses from I. 7 per cent to 10 per 
cent of 1hc total phosphate produced world-wide:. 
Phosphates arc used for supplcmcn1al nutrition in 
poult~·. swine. cattle:. and other animal fc:cds. Phos
phorus-containing chemicals arc: also used in dc:tcrgenr 
builders. industrial cleaning aids. food and be\·c:ragc 
additi\·es. metallic surface trca1mcn1s and other pro
ducts. Although sodium tripolyphosphate: is still the 
principal detergent builder, its le\·cls hnc bc:cn reduced 
in detergent formulations by substituting 01hc:r com
pounds to diminish the c:utrophication effect on 
rccei\·ing waters [ 13]. The: total industrial use: of 
phosphate: ranges from I. 9 to 12 per cent of total 
phosphate: production. 

In the United Stares. 1he fertilizer industry con
sumes about 78 per cent of total phosphate rock 
pr•>juction. This ra1io is somewhat higher in other 
rcgwns of 1hc world. but phosphate: rock end-use 
distribu1ion by region has remained somewhat cons
lant O\er 1he vcars_ 

Phospha1e ~onsump1ion in Latin America is expected 
10 show some growth. although the domestic rock 
industn· in Brazil will con1inue 10 cover much of the 
needs ,;j that coun1ry. In Mexico. the production of 
rock has not kept pace \l.ith the dc\·cloprncnt of the 
local phosphalc fertilizer production industry. and 
import~ of rock arc expected 10 rise in order 10 serve 
the new phosphate complex at Lazaro Cardenas. 

'-iaq Tot.If! FtrtiliW: 
couatry or Amlllt ~ 
reqioa 11oJ' tonnes1 11oJ, tOllMSI 

llorth mrici 
lllliUd SUtes 5 U(I 4 2i0 77.92 
Cwdi 640 510 12.11 

l.ltin mrici 2 769 2 4!0 19.56 
AtriGi 1 620 1 500 92.!>9 
Oc:Nli• illd Asi• 10 121 9 700 91.92 
llfStml Dlrop! 1m 6 200 ll.~l 
Ellttl'll ,.. l6l0 l JOO 90.91 
USSI 1.000 7 200 90.00 

TarAL 19 au l~ llO 11.21 

i J; [ urgnr ph1nplra1t· n•mranin in rlrt· Sor;h 

In 195.:!. the six leading phosphate rnd: producers. 
nameh American Agricultural Chemical Corporation. 
Ameri~an C\anamid Compan~. Cornct Phosphate 
Company. Oa\idson Chemical Corp•..lration. Swift 
and Compan~ and Virginia-Carolina Chemical Cor
poration. accounted for 74 per cent of total market 
econom~ output. Prior to 1960. the i:hosphatic fer
tilizer industn \I.as traditionally dominated b~· large. 
di\·crsificd ch~mical firms and indc:pendcnr fertilizer 
companies. The period 1963-1967 was characterized 
by the expansion of capacit~· and a rapid succession of 
acquisitions and new entrants inro the fertilizer and 
phosphate rock industries_ During the early 1960s. 
phosphate rock and phosphatic fertilizer production 
increased significantly. The largest companies in the 
North at present arc listed in table IV. 7 L Recent 
changes in phosphate marker structure can be attributed 
to the following factors: 

(a) Petroleum companies began acquisi1ions of 
phospha1c firms: 

(hJ Merger strategy and acquisitions became im
portant. Horizontal integration eliminated the tradi
tional independence of primary mixed fertilizer pro
ducers. Vertical integration enabled most fertilizer 
companies to ha\·e control o\·er all facets of fertilizer 
production from the raw material through to !he 
distribution of the: final product; 

(c) Entry and acquisition acti\·ity during the mid-
1960s reduced conccn1ration in the phosohatic fertili1cr 
indus1ry: 

(dj Investment activity in 1hc phosphatic fenilizcr 
industry resulted in a rapid expansion 0f production 
capacity; 

(e) The shift to high-grade products facili1atc:d the 
relocation of plants to the site of ra\\ material 
production. 

In the United Slates. Phoschcm handles inter
national sales of concentrated phosphates and phos-

____ JaiMLlnL_ l•tn 
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phoric acid for the major producers. Similarly. several 
producers of phosphate rock in the linited States have 
increased their market power by forming a Phosphate 
Rock Export Association called Phosrock. While these 
two associations ate not directly linked. two major 
transnational corporations. W R Grace and IMC 
Corporation are members of both. The two other 
members of Phoschem are Becker Industries and 
Royster Company. The Phoschem members together 
with Occidental Chemical Company supply more than 
50 per cent of the phosphorous pentoxide exported 
from the United States. The extent to which these 
companies are active at different stages of processing 
is reflected in table IV. 72. 

Several major phosphate-producing companies 
abandoned production in 1986 following the bank
ruptcy of Beker Chemical. including W R Grace. 
Amax. USS Agri and Williams Co. whilr the rationa
lization which proceeded rapidly in the United States 
phosphate industry during 1986 set the scene for a 
recovery in revenues in 1987 and 1981!. Companies 
such as IMC and Freeport have since then opted to 
undertake major investments. Participation of trading 
companies. such as CTIC and Cargill and Nu South, 
and even State importers, such as Sinochem of China, 
have hclpcJ to reverse indu~try contraction. Seminole 
and Florida Crushed Stone. which had ac4uired 
fertili1er facilities in the middle of the depression. 
de~ided to sell and take their profits. 

In 198!! the following major company adjustments 
also occurred. Hookers Prairie plant of W R Grace 
wa~ sold to Seminole. which later sold it to Argus 
fertilizer. a new company in the husiness. W R Grace 
al~o agreed to a deal with IMC to sell its half of the 
Four Corners mine. thm removing itself entirely from 
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the phosphate business. Nu West industries set up two 
subsidiaries. Nu South and Nu Gulf. to operate plants 
purchased from Mississipi Chemical and Beker Che
mical. Also in 1988. Estech was forced to close one of 
its phosphate plants because of depleted reser,·es. 

The phosphate rock export agency Phosrock now 
includes most of the Florida and North Carolina 
expor:ers as members. Noranda joined in 198!! and 
TexasGulf joined in early 1989. lea\·ing fatech as the 
only major exporter outside the ranks. In the United 
States. investment in new phosphate plants is expected 
to go down in the near futnre, despite current 
improved revenue levels. The net effect is that capacity 
le\·els currently the highest in the world are expected 
to fall slowly until the mid- l<J90s [ 14J. 

(b) l.arf{e.H phMph.1te companieJ in the South 

The developing world market for phosphate rock 
was stable before about 1960. Sales were made 
through large ccnt~al organiza:ions such as the Comptoir 
dc•J phmphoteJ de• tA/rique du Nord [ 15 ]. whose 
dissolution in 1960 caused North African produce~s to 
market their ,mtput independently. The stahility of the 
industry Wds also aided by the existence of entry 
harriers which prevented new export-oriented opera
tion,, In some ca'c'. European fertiliter facilities were 
essentictlly captive markets for !'forth African phos
phak rock. hecause the equiprncnr used in fcrtili1er 
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manufacmrc: was c:spc:ciall~ dc:signc:d for '.\onh African 
ph,lsphatc: rc1ck. This factor and othc:rs rc:suhc:J in_ 
;:onsidc:rabk salc:s rc: .. istancc: h• the nc:w ,1utpu1 ,,1 
Sc:nc:~al :.md To~o in 1%1 and 19b2. During the: 
sc:c<1~d hali oi 1he 1%0s the: gradual increase: in the 
numhc:r ,,f prodm.·ing c•1untric:s made: the: indusn~ 

m.1re compc:titi\C:. E\cc:s" capacity added to compc:tt
tivc: prc:ssurc:.. a .. L'nitc:d Statc:s prnJucc:rs acti\·el~ 

sought to c:\pand C:\ports. '.\1oroccan C:\pllrts wc:rc: 
displacc:d in Western Europe:: w hilc: in 196li. the: 
t:nitc:d States bric:tly passed '.\1orocco as the largc:st 
phosphate rock e\portc:r in the world. 

A list of some of the largest phosphate companies in 
the South is gi\en in tauic IV. 73. O\'cr the past sc,·cral 
decades Gm·crnmcnts and pri\'atc interests in dc\·el
oping countries hnc increased their ownership of 
1~.-orld capacity. In Morocco. the Office Chcrificn des 
Phosphates is wholly State-owned. The rock processor 
Maroc-Chimic S.A .• owned principal!y by the Office 
ChCrifien dc:s Phosphates with minority foreign holdings. 
helps to di\'crs1fy marl.els for finished pr?ducts_- In 
Senegal. Industries Chimiques du SCncgal 1s partially 
State-owned with foreign private shareholders. In 
Tunisia. the Groupe Chimiquc T unisicn, operates very 
large phosphate-rock local processing plants .. It has 
foreign interests that help not only to raise capital but 
also to dc\'clop markets for products. In Jordan. the 
Jordan Fertilizer Industry Company controls most 
sales and exports of processed phosphate products. 
Other fertilizer complexes producing finished products 
arc financed in i;art by foreign fertilizer companies 
such as Agric1.>. Sales agents and foreign financing of 
fertilizer plants tend to reduce Jordanian contro!. 

Mineral specialists have recognized the significant 
increase in participation by developing-country com
panies in the phosphate market. While the overall 
participation of dc\·cloping-country producers w~s 
onlv about 15 per cent in the late 1960s. the gap 1s 
slo~ly closing. Today. the developing countri_es of 
Africa. Asia and Latin America hnc the highest 
growth rate at 4.2 per cent per annum. 
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(c) Signitkancc· o( Stalt:-<·ontrol!t·d indu.ur1n 

In the l'nited States and Canada. most pht1spha!c: 
fc:rtili1c:r manufacturers arc: pri\ a1ely held c~impanies. 
This C<>nlrasts with 1he growing go\ c:rnmc:ntai ow nc:r
ship found in other parts of the: world . ..\lt,,gc:thc:r. 
ahout 75 pc:r cent of the world industr! is currc:ntl~ 
owned or C<lntrollell b~ the Stale:. and \irtually ali l)i 
the: growth in basic proJucti\e capaci!~ thro~ghout 
the: world is occurring under some lorm ol S1a1e 
ownership. In '.\iorncco. where the: phosphate indus1ry 
; 1as been nationalized for some time. output and 
distribution of phosphate rock is controlbJ by the 
State-owned Office Cherificn des Phosphates. Though 
other companies control domestic chemical processing 
of rhc rock. the GO\·crnmcnt may· ha,·c \·arious lc,·els 
of ownership in those companies_ The phosphate 
industn· in Morocco will continue to be controlled by 
the Go~·ernmcnt. considering the size and richness of 
reserves a\·ailablc in the country. 

In Senegal. the two major phosphate producer 
.:ompanics. Compagnic SCncgalaisc des Phosphates de 
Taiba and Socictc Scncgalaisc des Phosphates de 
Thies arc 50 per cent State-owned, the remainder 
consisting of French and United States pri,·atc share
holders. 

In Jordan. Jordan Phosphate Mines Company. 
owned b\· the Go\·ernmcnt (IW per cent) and by Arab 
and foreign shareholders (20 per cent). contr,ils all the 
mining and selling of phosphate rock in the country. 
In Tunisia. phosphate rock production and other 
processing plants arc controlled by the State-ow~~~ 
Compagnie des Phosphates de Gafsa. by the ~c1e!c 
Arabe des Engrais Phosphates ct Azotes. which 1s 

owned bv the Government of Tunisia (60 per cent) 
and the Abu Dhabi Dc\·clopmcnt Fund (40 per ccnl). 
and bv Industries Chimiques Mahgrebincs. Considering 
the i~portancc of tl-c phosphate sector in the Tunisi~n 
economy. it is doubtful that the Government will 
relinquish ownership of the entire industry. 

In Pakistan. fertilizer production is partly Statc
owncd. The Bangladesh fertilizer industry is entirely 
State-owned. with the production and marketing 
controlled bv the State-owned public sector corpora
ticms. The d~mestic fcnilizcr industry in Indonesia is 
entirch· owned bv the Government of Indonesia. and 
is man~ged by a siatc-owned corporation. The industry 
in the Islamic Republic of Iran and Kuwait is largely 
~late-owned. The industry of Qatar is owncc! jointly 
bv the State and by Norsk-Hydro of Norway. The 
i~dustry of Turkey is partly State-owned and partly 
pri\'ately owned. 

The mo~t immediate impact 1>f the growth of Statc
controllcd enterprise on the phosphate industry is its 
possible influence o:i market structure. State-controlled 
enterprises may attempt to increase market power m 
the furnre. threatening the survival of pri\atc indus
tries in tile North. In the phospha1e industry. however. 
factors that affect the agricultural and industrial 
consuming industries rather than pri\'ately held pro
ducer~ control the market. at least in the ~hort to 
medium term. The growing diversity of the world 
fertilizer base has also made it difficult for an} one 
State-controlled major producer country or group of 
countries to control supply. 



There arc apprn,imatd~ 112 phosphate rock manu
facturing plants in the world today. with an achievable 
capacit~· of 17) million tonnes of phl1sphatc produc
tilln. Achie\·able capacity is an estimate l,f the 
sustained capacity. which is considerably less than tht
name-plate sustained capacity. Some phosphate mines 
ha\·e been closed because of o\·er-supply. Gi,·en 
current demand. the le\d of an o\·cr-supply potential 
world-wide is about 9 per cent. 

Regarding the distribution ot capacity. table IV. /4 
shows that in 1988 about 51 ~r cent can be found in 
the !'forth. about 27 per cent in the South and 22 per cent 
in centrally planned economies. Among indi\·idual 
regions. North America accounts for 32.3 per cent of 
total phosphatic fertilizer capacity. followed by Eastern 
Europe and the USSR (21.4 per cent). Western Europe 
( 13 per cent) and Africa ( 12.8 per cent). 
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As regards new phosphate-rock plant construction. 
the EnKineerinK and MininK Journal C[ 16 }, pp.89-94 ). in 
its annual project survey for 1990. reports on projects 
in developing countries as follows: North Africa-four 
projects at $275 million; Western Asia-four projects 
at $.325 million; Latin Amc!rica-one project at $183 
million; Asia-two projects; and Oceania-one project 
at $60 million. Table IV. 75 reflects phosphate-rock 
capacity expansion plans reported in the sun·ey. Apart 
from the scheduled projects with capital. projects by 
companies in Algeria. Egypt and the Syrian Arab 
Republic are also real possibilities. Still in their initial 
phases are the projects in Sri Lanka and Viet Nam. 

New investment projects for the expansion of 
phosphoric acid capacity in developing countries are 
listed in table IV. 76. Petrofertil of Bralil plans 10 

expand its ltatiaia. Ceara. plant to produce !05,000 
tonnes of P:O• per year with investment amounting 
to $200 million. In Chile. Corfo will soon upand its 
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Antofagasta phosphoric a,;id plant to reach 100.000 
tonnes per year. Ecominas. at Boya<.a in Colombia. is 
also planning to increase: capacity to 100.000 tonnes 
per year with a total capital investment ofS250 million. 
less significant increases in phosphoric acid capacit~ 
are projected in Peru and Uganda with a combined 
total investment cost of S 158 million. Egypt and 
Mauritania are planning substantial increases of their 
phosphoric acid plants at Hamrawein and Bofal. 
respecti\·ely. although funds for the two projects hue 
not yet been allocated. 

4. Stn1t:t•r~ of tlr~ cost of prodactio11 

Table IV. 77 shows a\·erage variable costs of produc
tion for all phosphoric acid plants. not inc! 1ding the 
cost of phosphate rock. in each of the major producing 
countries. Producers with the lowest costs arc coun
tries that have no domestic phosphate ruck industry. 

Wt I'-77. fl'mRbgrjc tcid; mtMB cost 
ftr Kltctcd L'"9""m 
fllollus per ~l 

ca.try or nqia11 l~ 1"911 

Jipll U7 
lancm ll2 174.0 
llplblicof lalel 109 
!laisu 127 151.0 
~tell st.ta ua ll2.S 
lortlt-ilSten Dlrope uo m.1 

:i!lml: t.J. raw, illd ot11ers, ~ 
l!t.i!Mility ., S!g!ly; ljJmls lDil.al!ility 
Alloial (lllsllilqtaD, D.C., lllited Sbtes kMi 
ol liles, 1917). 
ii Ost forlQSt llljsted to tlR iato iCCICQlt 

ilflitiCll tnids ~ l'JIS mil 19&9. 

The Republic of Korea and Japan must impon the 
phosphate rock required to produce phosphoric acid. 
but they arc able to compete in the export market 
because they have relatively low production costs. 
Each of these countries has a relativelv low-cost 
sources of sulphur. a major factor in ·producing 
phosphoric acid. As shown in figure IV. I I. the 
a\·erage variable costs in Western Europe (excluding 
Spain) are the highest faced by major produr ;rs. 
European phosphoric acid plants have to import 
nearly all the phosphate rock they process. The degree 
to which these plants can remain competitive in the 
future will depend on their ability to negotiate 
favourable contracts for phosphate rock and sulphur. 

Because the major consuming regions often arc far 
from the producing areas. the cost of transport of 
phosphate rock and phosphate processed products is 
an important factor in determining the relative com
petitive position of alternative supplies. The cost of 
transport depends on the nature of the product as well 
as on the distance, on the si1e of load and vessel and 
on market conditions. That is, high-grade (for example. 
higher P;O, content) material can be shipped for 
approximately the same cost as low-grade material. 
and is thcrefr>re cheaper ( mrasured as cost per unit of 
P;O, content) to ship [ 171. 
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Figure IY.11. Avenige cosl of phosphoric •cid 
for setected producers, 1985 

Dollars 
pft' tonne 
135 

llO 

125 

120 

115 

110 

105 

Source· R J Fantel er al .. Phosphate Ava1tab1l1ty and Supply A 
Mmera/s Ava1/ab1/1ty Appra1ut (Washington. D C . United States Bureau 
ol Mines. 1987). 

Table IV.78 shows the distribution of the costs of 
production in the United States phosphate industry by 
proce.;sing stage. The raw material costs of phosphate 
rock and sulphuric acid arc the two most significant 
components of phosphoric acid manufacturing costs 
in the United States. Average United States labour 
costs arc relati\·cly low. primarily because of the high 
degree of mechanization in United States plants. Thi~ 
may not be true of other major producers world-wide. 
Energy is not a significant component of the cost of 
production of phosphoric acid in the United States. 

tibl« lV.ZI. Prodyctjqc Q!Sts ia tl!c Qijtcd st«tcs !!l!!!ebatc iodu:rtQ' 
by grqmsjgg stp. 1911 
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(lallc:le Sllolls, llabal, Tiii rertilizu listitute, 1917 illd 19Ul. 



~incc: energy .;,i~t:. in ib manufa..iuring plants are 
kn,l\\n lo be \\ell bdo\\ the a\erage for ,llha regi,ins. 
re!lecting primarily the [,1\\er rate~ f,ir a\ ailable 
energy. 

In the :-.;orth. emironmental legi~lati,ln affecting 
fertilizer prnductil>n anJ use has snerdy affected the 
cost ,1f production. The industrial processes that 
produce fert11i1er also produce lil1uid. S'-'lid and 
gaseous effiuents th:ll usually ha\"e to be treated to 
reduce their harmful effects on the en\"ironment. The 
use of double absorption in sulphuric acid plants. the 
re mo\ al of fluoride compounds. the safe disposal of 
phosphogypsum from phosphoric acid plants. and the 
remO\·al of nitrogen oxides from nitric acid plants are 
typical examples of additional in\"estments re~uired to 
reduce effiuents. In t!le EEC. consideration is also 
being gi\·en to limiting the use of some phosphate 
fertilizers containing high quantities of cadmium. a 
toxic metal that can enter the food chain. 

5. Proussing in d~•·~loping co1111tri~s 

The processing of phosphatic fertilizers in devel
oping countries is still at an early stage. Current 
fertilizer production and consumption conditions point 
!o processing gaps in Africa. Asia and Latin America. 
The lack of a\·ailability repres..:nts a constraint in th.: 
application of phosphatic fertilizers. On the a\erage. 
the dosages applied are lower than that required to 
obtain optimum productivity. 

India has recorded substantial ad\"ances in produc
tion by utilizing new technologies and processes ba~ed 
on nitric acid decomposition of phosphate rock for 
phosphatic fertili1er manufacturing and different new 
formulations of complex fertilizers. As pre\"iously 
noted. the Go\"ernment plays an important role in the 
fertilizer industry in India. In the private sector. there 
are joint \"entures with United States transnational 
Cl>rporations and major Indian industrial groups. such 
as Zliari. owned by the United Stales Steel Corporation 
and the Birla Group. together with the Indian public. 
T\.\o United States corporations. namely CheHon and 
International !'vlinerals and Chemicals. own and operate 
a fertilizer plant with an Indian industrial group as a 
partner and with Indian public shareholding. while 
there is capital participation in another plant by a 
transnational corporation from the United Kingdom. 
A major fertilizer manufacturing company. Shriram 
Chemir.al Industries. is fully owned by an Indian 
industrial group. and the production of phosphatic 
frrtilizers is almost fully owned and managed by 
Indian private-sector industry. 

In Pakistan. the expansion of phosphatic fertilizer 
production has also involved transnational corpora
tions. in partnership with the pri\ate sector. Indonesia 
has now built facilities for the production of phos
phatic fertili1ers in East Ja\a. The Republic of Korea 
has also built new. pri\ately-owned ph1lspha1ic fer
tili1er plant,, including joint \enture companie' that 
are partly o\.\ned and managed by tran,national 
corporations. The domestic production of Jordan i' 
,ufficicnt 10 enable it 10 export pho,phate acid and 
phmphatic fenili1er'. 

The c'1ahli,hmcn1 and npera11on "f chemical fer-
11h1cr plant' in dctcloping counrrie' require' careful 
project plan111ng and entail., fairly c1,1mple\ wnr ractual 

agreements and ntha rdati,inships hel\\ een the h,1st 
cnun1ry and forc:ign cnrp,1ra1i,>ns im,ll\c:J in iertih1cr 
pr.lJucti,>n anJ rdated tech1wl,1gy transfer!>. While 
the loan comp.inc:nt •lf the large capital l>Utlays 
necessary for fc:rtili1er pwduction can be pnn ided 
largely through internati,inal financial institutions. 
part of the equity finance may ha\e to be ,ibtained 
from transnational corp•Jrations. oiten necessitating 
j,lint \en tu re agreements between the parties concerned. 

In additi,rn. process technology and basic engineering 
designs ha\·e to be obtained from transnational 
corporations possessing the specialized expertise. both 
patented and non-patented [ 11). Detailed plant 
engineering generally requires the imoh·ement of 
specialized foreign engineering companies. although 
there is a considerable and growing domestic engineer
ing capability in some developing countries. such as 
Brazil. India. Mexico and Republic of Korea. 

Thus. despite the fact that transnational corpora
tions may not operate through subsidiaries or majority 
equity holdings in fertilizer production in many 
developing countries. they nevertheless have been 
playing an increasing role at \"arious 'itages of project 
planning and implementation. 

6. Tuhno/og)' and industry d~,·elopm~nt 

(a) Tht• nature ofproc~·sun.rt 

The main processed phosphate products traded in 
the fertilizer market are the following: phosphate 
rock: diammonium phosphate (OAP). 18-46-0: mono
ammonium pho~phate. (\1API. 11-5.:!-0: granular triple 
'uperphosphate ( GTSP). O-·Ui-0: merchant-grade ortho
phosphoric acid ( :vlGA ). 0-5.:!-0: polyph1lsphoric ( PPA ). 
0-1J8-0. or superphosphoric acid tSPA ). 0-70-0: and 
ammonium polyphosphate solution I:\ PP). I0-3-l-O. 
11-37-0. 

OAP. \fAP and GTSP are solid products manu
factured in large \olumes and sold to mixers and 
dealers for blending and direct applicati•in: they are 
traded internationally. The acids ( \1G . .\. PP.-\ or SPA) 
are produced and shipped as lluids to purchasers who 
use them a' feedstocks in their o\.\ n upgrading plants: 
acids also are shipped internationally. APP solutions 
are produced from PPA. usually by both basic 
producers and regional distributors and dealers. and 
are ultimately used for direct application and fluid 
solutions and suspensions. 

The first stage of processing is the tran,formation of 
the run-of-mine ore to pho,phate rock bv beneficia
tion. drying. calcining and grinding or some comhina
tion of these steps. ~ot all of the steps are required in 
all cases. For example. several plant\ use processes 
that accept rock with only mining and bencficiation: 
the wet concentrate is fed directly to phosphoric acid 
production. Several other plants accept \.\et rock for 
'.I.Ct grinding. Calcining is not nece"ary for the 
majl>Tity of rocks: \.\hen it i:, ncccs,ar) it usually 
replace' drying. but can he a \Cr) costly st.:p if 
rc4111red. In 'ome ca,es. ho\.\c\er, caki111ng is followed 
b) wet hcncficiation. then drying nf the wncentratc. 
Ph11'phalc rnck 'old on the \.\orld market for further 
procc"mg is maml) dried hut nnl ground hefore 
,h1pmcn1. It '' u'uall\ c•>n,idcrcd um·c1>nomic 10 ship 
\\Cl r.ick. 1d11d1 ha' a moi,lllre l"1>lllc111 of ahnu! 
15 per cent. 
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Sulphuric acid is n:quired for producing about 
SO per cent of l!illrld llUtput of phosphate fertili1er. 
Sulphurous materials used in fertilizers may· be frasch
mined elemental sulphur. reco\er~ elemental sulphur 
or pyrite. or they may b.: obtained as by-products of 
smelter acid. Of these forms only Frasch-min.:d 
sulphur is energy-intensin: it requires large amounts 
of energy to superheat the water under pressure that is 
pumped into the sulphur-bearing formation to melt 
the sulphur. which is then pumped to the sL•rface. 
Reco,·ered sulphur is mainly that remO\·ed from 
natural gas and fuel oil. Pyrite ore is mined. usually by 
open-pit methods. and needs little beneficiation. In 
some cases. pyrite is a by-product of mining and 
beneficiation of non-ferrous sulphide ore. Recovery of 
the sulphur dioxide released in non-ferrous sulphide 
smelting operations (with copper. zinc and nickel, for 
example) is now mandatory in most countries to 
prevent atmospheric pollution. 

About 60 per cent of world output of phosphate 
fcrtiliLer is made from phosphoric acid. The most 
common fertilizer product is phosphoric acid pro
duced by the wet-process method. The principal 
reaction involved in all wet-proct:Ss phosphoric acid 
plants is the digestion by sulphuric acid of tricalcium 
phosphate. the primary constituent of phosphate ores. 
This results in the precipitation of gypsum and the 
formation of phosphoric acid in solution. Most 
phosphoric acid processes involve the digestion of the 
phosphate rock with sulphuric acid; in Europe there 
are some processes that utilize nitric acid for the 
digestion. 

The strength of the phosphoric acid can be increased 
by evaporating water from it. At the evaporation 
stage, contaminants (in particular. iron, aluminium 
and magnesium oxides) can cause problems. since they 
tend to start precipitating out of the acid as a sludge. 
which is difficult to store. ship or handle. In addition. 
the precipitated contaminants develop as complex 
phosphate compounds containing large amounts of 
P:O,, reducing the grade of the acid produced. 

The phosphoric acid will increase in quality through 
vacuum evaporation stage~ to approximately 30 to 
45 per cent Pp,. These are only nominal strengths, 
but through clarification (removal of ;nuch of the 
sludge) will ~esult in typical merchant-grade phos
phoric acid (approximately 54 per cent P10.). which is 
one of the most common products from a wet-process 
phosphoric plant. It has been more prevalent in recent 
years because it has fewer impurities; therefore, the 
acid can be shipped without large amounts of pre
cipitated solids. Filter acid has a usual concentration 
of 28 per cent P:O,; merchant acid, 54 per cent; and 
superphosphoric acid. 70 per cent. Another concenira
tion. at 42 per cent P:O,, should be considered, since 
ii is sufficient to produce GTSP, DAP, and MAP by 
slurry processes. In the United States, a few plants use 
a hemihydrate process that produces · '•er acid at a 
concentration of 42 per cent P:O• compared with the 
oihydrate process. Because hemihydrate processes are 
energy-saving. as shown in table IV.7<i. hcmihydrate 
phosphoric acid plants represent a good option, 
especially in energy ·deficient countries. Hemihydrate 
processe~ also have a capital cost that is somewhat lower 
than that of the dihydrate processe~. and the product 
acid is relatively free from sludge-forming impurities. 
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The quali;y of phosphate rock for acid production 
is affected by the contained amounts of such deleterious 
materials as mc.gnesium (MgO). iron and aluminium 
(Fe:O, plus Al:O,). calcium (CaO) and chlorine. 
Other materials are also considered deleterious in the 
processing of phosphate rock for its many end-uses. 
These include fluorine (because of air pollution 
regulations in the United States). '"lrgani.: matter 
(because carbon dioxide levels of greater than 4 to 
5 per cent can cause foaming in acid production) and 
trace metals (which also can cause the precipitation of 
sludges in acids). All these impurities can cause 
problems during the production of phosphoric acids. 
and tend to decrease the profitability of the operations 
by increasing costs. One chemical rock constituent 
that has recent!,- become of major importance is 
cadmium, since relatively high cadmium values have 
been detected in fertilizer products and in phospho
gypsum. which is a waste product in the manufacture 
of phosphoric acid. 

(iranular TSP is made by a two-step process thar 
imc lves first making non-granular TSP. which is later 
used to make granular mixed fcrtili1ers. Becau~e the 
mah1g of TSP involves drying and fine grinding of 
the ro~k. it is usually energy-intensive. 

The great majority of ammonium phosphate plant~. 
use a ~lurr~ p.rocess in which the phosphoric acid is 
used at an :ivcrage conn.:ntration of ahlllll 40 per cent 
P/> .. MAP m.;:; ;i(~n Ile made in non-granul<..r form 
for use in gramilation of mixed fcrtili1ers. Some plants 



pr,llfm:c granular '.\L\P l>r D.-\P fwm mcn:hant-gradc 
ac1J 1511 per cent I. particularly \\hen !he a.:id is 
shipped fr,•m a di .. tant s,>urcc. Tahk I\". 7 1.) pn•\ iJc .. a 
,;,>mpari"''n "f energy u .. c f,,r pn>.:csscd ph•> .. phatc 
,lcps im ,,f\ cd in pr.>duci... Energy use f,,r ph• ''phatic 
krtili1cr-. ..:an \ ary \\ iddy dcprnlli!tg 1•n th.: .. tcp .. 
im,>hcd in ph''"l'h;11c rl>d. prcparati,m and ''" th.: 
ph''"ph1>ri.: acid m;inufacturing pr<lccss. The c.unpari
s,,n -.hll\\s that TSP i-. .,,,me\\ hat m,>rc energy -
intcnsi\c than D.-\P ,,r '.\1.-\P. prt>bahly hc..:au-..: the 
heat ,,f reacti<>n .,f ammllnia '' ith ph'''Ph•>nc acid i, 
utili1.:d t•> decrease energy use. H<>WC\<."r. th.: dwice ,,f 
the method u .. ..-d t«>r preparing the phl>sphori.: :icid. 
d!hydrate ,·crsus hemihydrate. gi\es the gr.::llest 
opportunity for energy-sa\ing. 

( h) < ·11rrcnr tcchno/ogin 

The major suppliers of technoll>gy for the manu
facture "f wet ph.,-;plwric aciu. with a P:O, c.mcentra
tion ,,f around JO per cent. arc Dorr Oli\er ( enitcd 
States!. Fisons (l'nited Kingdom). !'liissan (Japan). 
Pray on (Belgium) and Rhimc-Pnulcnc I France). ~issan 
emph>ys the hemihydratc prt>ccss. gi\ing greater ,,,·era II 
efficiency. (\>nccntratcd acid at around 50 per cent P:O, 
is also produced by the hcmihydrate route. with prn
ccsses from Fisons. '.'\issan and Occidental Petroleum 
(United States). 

The trend towards a \\ ide range of mixed lertili1ers 
has re4uired high-analysis phosphate intermediates for 
granulation with ammonium nitrate or urea. :\part 
from phosphoric acid. !\IAP has become a maj,>r 
material for this purp•>-.e. The process technology has 
been de\'eloped by four fertili1er companies: Fisons. 
Gardi. :er. !'liorsk-Hydro. Scottish Agricultural Indus
tries and Swift. The Minifos system of Fison has been 
wirlely adopted during the past IO years. 

(c) Widc.tprt'ad application ol nnr tahno/ogiCJ 

A modified technology for phosphatic fertili1ers 
de\clnped recently. and which has the ad\'antage of 
simphl\ing operations significantiy. is wet-grinding of 
rock phosphate. :\ modific:d ph,1splwric acid tech
n<llogy has been dc\clopcd in conjunction with Central 
Cila,s of Japan. generally known as the "'Central 
Cila,,·Prayon Process··. the recovery efficiency of 
which is higher than that of the original Prayon 
proccs,. A' regards ammonium phosphates. an inter
c,ting technology developed by the Tennessee Valley 
Authority of the I '.nited States is based on the melt 
granulation proi:e" and imol\e' the u .. e ,,fa pipe 
reai:tor. In an .. ther de\elopment in Japan. a tluidi1cd 
grar.ulat1on pr11i:e" is 1"ed for the produi:tion of 
ammonium phosphate and mi\ed fertili1cr' in i:on
juni:tion wi1h pipe re;ii:tor,. 

( l!) .\foJt actm· d1T1'111pmg co11ntric 0
.\ in rncard1 

and 1frl't'l11pmcnt 

With a fc\\ n11tablc exi:cption,. dc\'eloping i:ountric.., 
ha\e not l..cpt pai:c \\ ith the rapidly i:hanging tcdt
noloi;ii:al mnovation' that ha\'e characterivcd the 
fcrtili1cr indu,tr~ o\er the past decade. t·spet:ially in 
energy cori..en arion and large-scale. high technology 
pr11ce" unih. The mo'! 'ignifii:ant 1.:11ntrib11ti•m' h;l\e 
been made hy State-owned organil'.ltions. ,,uch a' 

th.>sc in India. which cmphasitl'. mJ1i..tnal er1<·rg~ 

C<lll-.Cf\ ati<>ll. S:milar pn>jci:h han:- Ileen undertal..en 
m lnd,•nl'.-.ia and Bangladesh. Therl'.' '' ••Ill\ •Ille mter
nati••nal in-.titut1<•n dealing C\dt"i' .:!:. \\ 11 h tcruh1cr 
rc-.can:h and de\cl,1pmcn1 aml Jc,,1tcd to the need' ••I 
d.:\ch•pmg ..:••untric ... That in,..tilllth•n i.. th.: lnkr· 
national Fcrtili1er l>e\Cl11pmcnt Center. \\ lud1 \\;1, 
estahlishcd after th.: I'>"'~ \\'orld h•l•J c.,nfrren.:e. ,, 
financed lllll'.rnati•l!lally. in part b~ l 'ni:cJ "at1<ll1' 
ag.:n..:ies. and has a '.\tanaging B,1ard ,,f l>1rc.:ll>r' 
dra\\11 fwm de\clt>pmg ;md dc\eh1p.:d C••untne'. W11h 
a site ad1a..:cnt to the Tcn:tcsscc \'alle~ .-\uth,1rit~ 

fcrtili1cr rescar..:h aacilities at '.\1usde Slwal, .. \lahama. 
it has access h> the pwcess tcdm11log:- dc\elopcd h~ 
the ·\uthority. and can transfrr it h• dc\doping 
countric:s without any C<>st for lic.:ncc-. •>r basic 
know-hnw. 

The Tcchnolog:- Di\'isi•lll of the Center has h.:cn 
contilllu>usly working nn impw\ing th.: suppl~ of ra\\ 
materials in dc:\'eloping countri.:s in .-\frii:a .. -\s1a and 
Latin America. Ho\\C\cr. the Center has m•t yet 
de\ eloped special compc:tence in the :thlfC complicated 
and costly aspects of prnce" and hasic engineering 
technologies at the heart ,,f fcrtili1cr manufacture. 
!\1ost of the successful tc:chnological de\Cl,lpmcnts in 
process deo;ign. ha .. ic cnginc.:ring and fabncati•>n ha\c 
come from a limited numbc:r of firms 111 de\ clllpt:d 
markc:t e.:onomies. undc:r licences ,,r other collah .. ra
ti\·e arrangement·;_ Some of thc:sc tc:chn1llogics are 
a\'ailable hl manufacturers in countric:s ... uch a' Rratil 
and India. where: chemical and mc..:hanical .:nginccring 
are not yet as highly aJ\an ... ..:d as in de,clop.:d 
countries. In recent years. with the rapid expansion ,,f 
the fcrtili1er industry in developing countries. there 
has bcc:n increasing interest in ac4uiring 1hc basic 
technology and engineering t<i build addiuonal plant' 
with limited assistance from process liccnsors in 
developed countries. 

(e) .\'orth-So11th Jh!fh in competltil't•nt•n through 
app/icationJ ol nt•"· tcchno/ogr 

There exists a significant degree of c11m:en1rati<1n 
in phosphati.: fcrtili1crs with a few corp11rat1nn' 
operating on a tran,national ha"i'. The,e c11rp11r;111nri.. 
arc from developed countrie' and arc the "n1rre' ,,f 
the most important tcchnologi..:al ad\ancl'.'s ..:urrenlh 
or in the foreseeable future. WPrld-\\iJc. \\hllc man\ 
fcrtili1er companies ha\'e made fre4ucnt and 1mp••rtan1 
contrihution,. most of the a..:cumulated lnP\1-h11\1 
and current effort ..:omc' frnm \\ 1dcl\ di\ er,1fied 
companic' in \\hich fcrtili1er manufac1ure ma:- hl· .1 
'mall comp.mcnt nf total actr\ it1e,. 

The continuing dcpt>ndence of de\clnp111g <.:•>lllllrre' 
on a fc\\ corpora1i11n' from dncl<1ped nnrl..1:1 .:.:,,. 
nomic' in re,pcct of procc" technol1>g\. ha,1.: ,k,1gri.. 
and cnginc.~ring and 'upeni,ion re,p11n,1h1h11e' at 
\'ariou' 'tagcs of fcrtili;er 111;.;:ufa..:ture po'e' an 
impnrtant 4uc,ti1m "' tn h11\\ ,11d1 lkpcrllkn..:e ..:;111 he 
significantly reduced. In m•"t ca"c' thcrl· h;i- hecn 
inatk4uatt• t r;m,fcr ;ind ah,11rpt1on "' 1e..:hn1 ''"!!' 111 

dc\cloping ..:nuntm·'· I 4111prncn1 ;1nd rn;1d11nu\ Ml' 
large!\ imp .. rtcd tn<.:cpt 111 Bra11l. India ;111d \tn1..:11l. 
and manufal"lurrng fauht1c' ;ire hl";l\rl~ 1kpcndcn1 1•n 
1mpPrh ,,f ,p;ire, and .:11mp.111cnh I hnc " ah•• 
alm11't tllt;il dcpcn1.k1ll:e llrt 1111p11rh ''' •. 11.11\'"· 
cxi:cpt in India. 



While there is cnnsiderahle P•llential for the gr.>\\ th 
,,f ph,1.;phatic krtili1er prnducti,111 in de\ dnping 
C<>untries. the ah<1\'e-menti,1ned faet"r' are detrimental 
t<i the •:\pansinn nf further processing in de\·eJ,1ping 
cnuntries and need to he effecti\ el! tackled to 
<Wen:nme current !'\orth-S<>uth imha!ances and t<1 
impron: the cumpetiti\·eness of the South. 

7. Short- and m~dium-t~rm industry outlook 

(a) Consumption 

Phosphate will continue to play a major role in the 
fertilizer market. Over the short to medium term. the 
demand for phosphatic fertilizers is largely dependent 
on economic activity and agricultural policies in 
de\'eloped and de\'eloping economies. The International 
Fertilizer Institute estimate!> that consumption of 
phosphatic fertilizers will rise by 1 million tonnes o\'er 
the next li\'e years [ 18 ]. Other sources [ 19] do not 
foresee the international phosphate market being 
seriously short for any sustained periods during the 
1990s. There ma~ be brief periods of perceived 
shortages (logistical or inflation-induced) leading to 
short-term price run-ups during the next two to four 
years. and to somewhat higher price le,·els. Howe\'er, 
there are enough new projects to enable the world 
markets to be for the most part adequately supplied. 
The most significant increases in fertilizer usage are 
expected to come from the less agriculturally de\'el
oped regions world-wide. However. major consump
tion forecasts do not suggest a growth rate during the 
next 10 years much above that of the 1970-1986 period 
(about 7.6 p.:r cent) in the South. De,eloped market 
economies are projected slowly to increase consump
tion at a rate of 1.8 per cent per annum up to the year 
2000. While the main source of the expected growth in 
iertilizer consumption will come from crop area 
expansion in developed countries. grnwth in de\'el
oping c.mntries and centrally planned economies will 
be generated from increases in fertilizer applications 
per unit of c:rop area. 

( h) Production 

:\ World Bank study estimates that there is pr,1babl:
'utlic1ent pr,icessing capacit:- lnr ph,isphates (l1 meet 
\\,1rld needs through the mid- !990s [.:!Oj. After wrrect
ing for present excess iment<lf!. this capacity is nnt 
expected to satisfy demand much beynnd the mid-
1990s. Currently. world pr.xiucers are operating at 
about 83 per cent of achie\'abk capacity. It is 
important to note that e\'en at full production in 1980. 
nut put reached only 92 per cent of achie\'able capacity: 
therefore. a balance by 1995 could be opumistic. 
Ewnomic depletion will occur in all major producing 
countries. but is more acute and immediate in the 
United States. 

Between now and the mid-1990s. about 4 million 
tonnes of new phosphate processing capacity will be 
required annually. much of it in China. The total 
in\·estment needed for processing in that country will 
be about $4 billion. The phosphate industries af 
Jordan. Morocco and the USSR are also lik.el) to 
expand steadi!y through the 1990s. and there could be 
some de\'elopment in Australia. Egypt and Togo. In 
the United States. little new development is expected: 
the country will retain its pt•sition as the major 
producer and exporter of fertilizer. but its relati\'e 
position is expected to decline significantly. 

Table IV.80 shows the projected future phosphate 
rock production. New capacity will consist of the expan
sion of existing plants plus construction of new plants. 
Not all operations are suited for direct expansion 
because of various physical limitations. It is estimated 
that only about 37 per cent of the new capacit:. can be 
obtained by expansions. In 1990 \'ery little .. grass-roots" 
capacity is expected to be .idded owing to unfavourable 
prices and over-supply. Expansions uf e'l.isting opera
tions and imentory ac' ·'llents will be the most 
faniured method of meet ... ., short-term demand. In the 
United States. capital expenditure will be designed 
essentially to maintain capacity at current levels. 
whereas African countries. and probably China as well. 
will almost double their capacity. The USSR must 
upgrade many Kola mines to maintain prodt.ctinn. 
and thus capital expenditure will not raise output. 

I~l~ F,IQ, l'!lQ§~~M~•-~ '>h !m~~' 

Producinq cowitry 1222 ll'IQ~ __mi_ ___ . ___ J!lQL __ 
or r'!qion Killion PercenUqe llillion Percenuqt> Killion PeroenUqe Killion Percentaqe 

tonnes toMtS toMtS tonnes 

United States 55.7 32.0 55.6 2'l. l 56.? 27.6 52.2 24.1 
OSSR )J.0 17.8 31.0 17 .8 ll.O 15.1 ll.O 14.l 
lloroa:o l0.8 17. 7 33.9 17 .8 4&.6 23.6 64.l 2'l.6 
O!in.i 12.0 6.9 l&.O 9.5 11.0 8.7 u.o 8.3 
Tllnisia 9.0 5.2 12.0 6.3 12.0 5.1 12.0 5.5 
Jordan 6.0 3.4 10.r 5.l 10.0 4.9 10.0 4.6 
Aui;tralia Ocea1ua 4.0 2.l 1.0 2.1 4.0 1.9 4.0 l.8 
Israel ).5 2.0 3.5 I.I l.5 1.7 ).~ 1.6 
Soutll Al'r ica l.4 2.0 ).4 I.I l.4 1.7 ).4 I.~ 

Toqo 2.4 1.4 2.4 l.3 2.4 1.2 2.4 I.I 
Seneqal 2.1 1.2 2.1 l.1 2.1 1.0 2.1 1.0 

test of world 14.1 I.I 14.1 7.4 14.1 6.1 t4.l 6.5 

1'11fll 174.0 100.0 190.0 100.0 206.0 100.0 217.0 100.0 

----------------------- ---- -·- -----------·-.. --------- ---

~i;e: Society of Riniaq P.nqineen, ~--oillrurMtioMl.Lx.~. 
1i11wJa (l.ittleton, ~:or1do, 1916). 

Al 2ued on acllieuble ~i ty. 
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The share ,lf de\ dllping c,rnntric:,,. in ph1.Jsphatc 
production is npected tll increase tll 311 per cent by 
2000. That of de\·eklj.-ed countric:s is expected tn 
decrease: b~ -t per .:c:nt. while a similar trend i,,. 
anticipated in the centrally planned economies [ ! S]. 
ln\estments in pr0ductilln facilities in de\el,lping 
countries could excee1i S36 billi0n by 2000. Half of the 
ne\\ ph0sphate proc1. ,;sing capacity is likely to be built 
in China. and other de\doping countric:s with phos
phate reser\es are likely hJ make ne\\ investments. 
World phosphoric acid fertilizer capacity is expected 
l0 grow at 0. 7 per cent per year up to the mid-1990s. 

The prerequisites for fertilizer production include 
raw materials. utilities and infrastructural facilities. 
technical and managerial skills. capital and large 
domestic or external markets. Production of phos
phoric acid on a large scale is genc:rally associated 
with assured supplies of an adequate quantity of 
phosphate rock of consistent quality and of possibly 
imported sulphur. Such plants are usually built near 
the phosphate mines. for example in Morocco. Sulphur 
is an important raw material and major cost item in 
the production of phosphate fertilizers. The main 
suppliers of sulphur are Canada. Mexico. Poland. 
USSR and United States. Sulphur has been in relatively 
tight supply o\·er the past few years. despite large 
stockpiles in Canada. Current projections indicate 
that there will be sufficient sulphur to meet needs 
through 1995 from existing and planned capacity. 

(c) .'.larker equilibrium and prices 

Over the short term. phosphatic fertilizer prices are 
expected to continue to rise as a result of expected 
strong demand. Projected long-term phosphate prices 
should continue to increase up to 2000 because of 
expected higher crop prices. strong demand and 
movements in exchange and interest rates. 

Because of economic and environmentai constraints. 
one source estimates that production is not likely to 
exceed present capacity before 2005. at least in the 
United States. Most new phosphate demand will be in 
developing countries and centrally planned countries, 
where most investment in new phosphatic fertilizer 
capacity will take place. It also seems increasingly 
evident that new world capacity development will 
generally keep pace with expected market changes. 
Supply factors (as a function of capacity) should 
become less and less likely to contribute to market 
imbalance than demand factors. Thus. variation~ in 
demand (caused. for example, by weather-induced 
grain surpluses or shortages) are far more likely to 
determine the international balance of phosphati.:: 
fertilizer supply and demand than supply factors 
related to capacity. 

f.. Copper (ISIC 3720041 )* 

I. Rtcent trtndf and currtnt condition.f 

The world copper-processing industry has historically 
been subject to markrt fluctuations in quantities and 

•(:~([)() a1.knn,.lcdi:c' thr cnntr1h1111 .. n m.ulc h\ fl ll•'dltlnt, 
l>cpartmcnt of \.tmcre1I Rc-,.•111rf..°c f 1,.:~111nn.1...:'. \\'i:,1 V1q~1111,1 

l :nl\ cr-.tt>. 

prices. '.\fore recently. structural changes in patterns of 
demand for materials ha\e led ttl !>O~e stagnation in 
end-use. Lnvir,lnmental concerns ab1.mt prndlll:tillll 
ha\·e arisen and pressures have increa~ed for re..:ycling. 
T echnnlog~ is playing an increased rule on b1.1th the 
demand and the !>Upply side of the market!> in "hich 
copper is bought and sold. 

.-\fte~ a prolonged period of low prices. international 
copper prices ha\e increased dramatically since 1986. 
a result of strtmg demand increases and reduced 
capacities caused by industrial restructuring. Ho\\e\er. 
the present copper price plateau of slightly over SI per 
pound may not be exceeded. owing to the accumula
tion of stocks of unsold durable goods such as auto
mobiles. and to postponed purchases by copper wire 
and brass mills. The previous fall and rapid rise of 
copper pri'--es reflect the instability that the industry 
has recently faced. beginning with the oil crises of the 
1970s. Copper prices have risen to a sharp peak and 
collapsed in 1974-1975. 1977-1978. 1980-1981. and 
1985-1986. 

The production of refined copper has increased 
every year since 1985. reflecting higher prices and 
increased economic activity during this period. In
creases in secondary production also contributed to 
the upswing. Refineries throughout the world are 
estimated to have been operating at about 84 per cent 
capacity. with a range of between ~I and 91 per cent. 
The sharp increase in capacity utilization in the 
United States is due to higher concentrate and leach 
output. Other significant increases in utilization have 
occurred in Australia, Canada, Chile. Mexico and 
Spain. Major new expansions in refinery capacity are 
anticipated in Chile, Philippines, United States and 
Yugoslavia. 

World demand for refined copper has risen slowly 
since the downturn experi ... nced in the early 1980s. 
This growth has been attributed to b.1th consumer 
demand and substantial capital expenditure in devel
oped countries, particularly in Australia. Japan. United 
States an~ Western Europe. While exchange rate 
adjustments appear to be responsible for rising demand 
in NICs, structural factors are responsible for more 
permanent demand changes. These factors include the 
growth of industrial production. particularly in the 
capital goods sector, competition between copper and 
other conventional substitute materials such as alu
minium and plastics, and competition arising from 
new technologies and materials such as fibre optics 
and superplastics [ 42]. 

(a) Production of primary refined coppa 

World production of refined copper increased by 
nearly 4 per cent in 1988 over the previou~ y.;ar. 
reaching 8.6 million tonnes. This figure is 16.5 per 
cent higher than the 1982 output. indicating a steady 
recovery in the copper inJustr~ from the slump of the 
early 1980s. Data on refined copper production of 
various countries ranked accurding to level of produ1.:
tion are presented in table IV.~ I and in figure I V.12. 
Concerning recent increases from 1987 to 1988. the 
llnited States had the second largest at 24.X per cent, 
followed by Australia at 9.5 per cent, Spain al X.4 per 
cent and Canada al 6.4 per cent. Mexico registered an 
exceptionally sharp increase of X2.J per cent. Sur
prising!)-, several notahlc decreases 1 ccurred. pani-
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Figure IV.12. World production of primary refined 
copper, by region or economic grouping, 1988 

Total: 8.56 million tonnes 
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cularly Peru at -20.2 per cent. Yugoslavia at -19.6 per 
cent. Sweden at -14.5 per cent. anJ Belgium and 
Luxembourg at - I0.4 per cent. Since 1980. the 
slron~est increases ha\·e talr.en place m '.\kxico at 
115.6 per cent and China at 54. 7 per cent. Maj•H" 
declines were recorded in the: Federal Republic of 
German~ at - 21.8 per cent. Brazil at - 21.6 per cent. 
and Zambia at - 26.3 per ccnl. 

From table IV.82 it is difficult to find any clear 
trends concerning the: extent to which the reported 
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produi:tion increases have changed the market shares 
of developed and developing countries. The refined 
market share of the North declined from 52 per cent 
in 19ii2 to 46. 7 per cent in 19KK. while the share of the 
South changed only sligh1ly. from 26.4 per cent to 
27.K per cent. The developing countries of Latin 
America saw their share increase from 15.4 to IK.O per 
cent. while that of Africa fell from IO.J to 7.9 per cent. 

The inability to increase: outpul in othrr countries 
can be attributed not only 10 technical difficulties but 
also to strikes and shut-downs I 21 ). Disappointing 
performance by several mines. notably Ok Tedi. 



contributed to the rise in refined ~mtpul being lower 
than expected in the l'nited States. as did strikes and 
technical difficulties al smelters. The Horne smelter 
operated by ~oranda started 191111 on strike. and in 
the autumn its llUlput was again restricted by mal
functioning of :he plant. while the Kidd Cr~k smelter 
operated by Fakonbridge was temporarily closed for 
maintenance. 

Production in Chile was 100.000 wnnes less than 
forecast. with serious technical problems al the new 
Codelco plant. Technical difficulties restricted Codelco 
metal output at the Chuquicamata plant. The achic,·c
mcnt of full production by the La Caridad smelter 
continues to be hampered by technical and labour 
difficulties. In Peru. the smeller and mines of Ccntromin 
hnc suffered from lack of spar~ parts and serious 
strike action: in Taiwan Pro,·ince. the Keelung smelter 
closed down for two months for maintenance: and 
production at the Cox Creek refinery was interrupted 
for se\·cn weeks. Smelters in Japan not only reduced 
their cathode production by 25,000 tonnes, but also 
deliberately restricted additional feed purchases in 
order to avoid turning the concentrate market against 
them. Even so. they achic,·cd an increase in produc
tion. In the United States. the production increase was 
helped by the reopening of the Garfield smelter and 
the new leaching operations. The increase reported for 
Zambia helped to return prcduction to its 1985 level. 
Although mine production was in some cases less than 
expected. high prices in the past two years did case 
scrap supplies and increased secondary production. 

(b) Production of secondary refined copper 

The production of refined copper from £ccondary 
sources (s.:rap) depends on the increase in the stock of 
scrap relative to that of refined copper. Over the long 
term. the proportion of secondary copper in the total 
refined copper supply has been increasing in devel
oped countries. and will continue to do so in the 
future as the stock of scrap increases. The rate of 
increa'iC. however. is small. Secondary copper repre
sented 16.2 per cent of total refined supply in 1980. 
and rose only to 16.6 per cent in 1988. Increases in 
secondary copper production world-wide have risen 
by 16. 7 per cent since 1982, but only 5.8 per cent since 
1987. Because of the rationale of recycling. secondary 
production has been much larger in developed than in 
developing countries. Table IV.82 shC!ws that the 
North had a secondary market share of 77.5 per cent 
in 1988 compared with only 4.2 per cent in the South. 

Among developed countries, the United States and 
the Federal Republic of Germany arc by far the 
largest producers. with refining increases of 9.3 and 
14.5 per cent respectively between 1987 and 1988. The 
USSR. Belgium and Luxembourg and Japan arc also 
large producers. The greatest production increases in 
1987 were recorded by Sweden at K3 per cent. and 
Yugt>slavia al 64.6 per cent. Only Brazil reported a 
strong decline of -26.9 per cent in output for hat 
period. Since 19XO the sharpest increases have occurred 
in Spain at 23.1.3 per cent, Mexico at 100 per cent and 
the German Democratic Republic at K7.9 per cent. 

( c) Pmducrin11 of Jrmi-manufacturrJ 

The production of copper semi-manufactures con
cerns the activities of wire mills and brass mills. Wire 

mill products include communications wire and i:-able. 
building wire. magnet wire. power cables. apparatus 
wire and c~1rdage. and automotive wire and cable. 
Brass mill products include strips. sheets and plates. 
mechanical wire. rods and bars. and plumbing and 
commen.:ial tubes and pipes. To these can be added 
foundry and powder products. 

Most production of semi-manufacture~ is concen
trated in three main regions: ~onh America. Western 
Europe and Japan. Owing to a lack of data for 
Eastern Europe and most de\"eloping countries. total 
world production cannot be estimated. Table l\'.83. 
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therefore. sh.n's the k\·el of pn,ducti,,n in 19l(l( hy the 
maj<>r de\elllped Clllmtry pr,1ducer- and by Bra1il. and 
the percentage change in pr,1ducti•>n fr,,m 19~1! 

Cnuntries shn\\ ing the largest percentage increase in 
pwducti,m are Japan at ::!::!.(l per cent. Scandina\"ia at 
::! 1.9 per cent and Spain at 20.::! per cent: '''sses are 
shown to ha\e .x.:urred in the l'.nited Kingdom at 
- I::!.~ per cent. Benelux countries at -0.1 per cent and 
Bra1il at -0.9 per cent. The production of semi
manufactures is also growing fast in Turkey. Further 
informati,,n on tubes and pipes used principally m 
construction and plumbing appears in [22]. 

(d) Trade in refined copper 

Because of their homogeneity. refined products are 
usuall~ taken as a basis for the description of the 
world copper trade. Table l\'.8.f shows that exports of 
refined copper ha\e grown only slightly since 1980 
for both de\eloped and de,·eloping countries. While 
exports from the United States han~ declined. export 
increases from Western Europe ha\·e accou!lted for 
the difference. Howe\·er. the exports of Western 
Europe have not attained their le\·el of 1980. Concern
ing export performance in 198~1987. strong increases 
can be seen for Yugosla\ia at l.f0.9 per cent. Australia 

'hble F-14- iiorld uports oj afi!led C9!!!!e' bi regioa. lHY tl!4 !jii 

blllt co.mtry, reqion 1917 exports l'trOlllUq! ~ 
iJ GI" ecm.ic I tllousiDds ......... ~ 

1917 ~iaq Of tol:Des) 19k-1"7 191Crl917 19IO 19'7 

Clile 942.6 3.5 23.1 23.l 21.3 
iabia 4~.4 7.1 -1&.7 11.6 15.0 
CAldi 21U ~-9 -13.1 10.2 1.7 

4 Belqium iDd welbollrq 25i.6 '-' -16.9 9.3 7 .6 
5 i.ire 204.9 -1.0 32.9 4.7 6.1 
~ m.1 -i.I 4.5 5.2 5.4 
PoUDd 161.6 -u U.6 4.4 4.& 

I fllilippiaes m.1 -4.l 0.2 3.6 

' OSSI 100.0 -21.6 4.2 3.0 
10 Austruia ll.5 22.1 60.9 1.6 2.5 
11 Gemay, Pederu 

Jesublic of 63.l 17.l -26.1 2.6 1.9 
u Jiplll 60.4 -13.1 -71.4 6.4 I.I 
13 Sledell 43.6 l.S llU O.li 1.3 
14 Sp&iA 42.5 -35.0 -)5.9 2.0 1-l 
15 lllli ted liJlljdol )J.4 19.) u 1.0 1.0 
16 Jllfl'liTa 33.0 140.9 130.1 0.4 1.0 
17 lonlly l0.2 l.l 9.1 0.1 0.9 
11 Austria 23.1 -2.1 0.6 0.7 
19 aiu 22.l -17.0 o.o 0.1 
20 lllliUd States 17.9 20.l 4.1 0.5 0.5 

llOrtll Amica 306.7 -4.7 -13.0 10.7 9.2 
llestm DIRpe 5ll.I 2.1 -9.7 17.9 16.0 
OcMIU 61.4 22.1 S7.0 1.6 2.5 
otllt1' cleTtlaped .-.its 142.4 -U.4 -SJ.I 1.2 3.7 

lfrica 704.) 2.2 ·1.3 2).J 21.1 
Ali• 137.3 ~-· 0.2 4.1 
i..til 81rica 1 122.6 ).0 20.3 21.l 33.7 
otllt1' dntlopillq .-.its 19.1 39.4 33.6 0.4 0.6 

Catnllt plaaald ~ts JOCJ.0 1.S -2.0 9.3 9.0 
Total lortll 1 041.7 -ii.) -11.2 31.5 ll.5 
Toti! ScNtll I 913.l 2.3 lS.2 52.l S9.5 

rol'AL l m.o 1.4 I.I 100.0 100.0 

------
~ ltW S!.itistjcs It.or.don, llorld airuu of lleU! Statistics), 

YlriCMS i5'Ul5. ~~ (lllw Jon, Unit.tel .. tiOM Collftrl!ftet on 
Trlde llld Dmlopm!llt, 19191. 

238 

at :!:!. l per cent. Fnited Kingdom at 19.~ per cen:. 
l 0 ni1ed Stale:' at p_q per cent and the Federal 
Rcpuhlic ,,f Germany a! 1-.1 per cent. .\mnng de,·d
oping countric:-;. Zambia sh,1\\S an increase ,1f -_ 1 per 
cent and Chiic of J.5 per cent. The largest gro\\ th in 
e,;ports since 19!10 has occurred in Yug,,sla\ia. Sweden 
and Australia. 

World imports of refined copper appear to ha\e 
grown more rapidly than world exports in 19~f\-19!!7. 

although trade remained in equilibrium. In thlt 
period. JS reflected an table IV.!t5. refined copper 
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impom increased by 13 per cent in Brazil, by 77 per 
cent in Indonesia, and by 143.4 per cent in Portugal. 
Among developed countries, the strongest import 
increases occurred in Finland at 65.2 per cent. Japan 
at 28.4 per cent and Greece at 22.9 per cent. In the 
period l 9!!0- J 9R7, substantial increases can be seen in 
Portugal at 149.6 per cent. Indonesia at 170 per cent. 
Japan at 54.7 per cent and India at 42.4 per cent. 

Allhough the increases in refined copper imports 
'hown for the IJnited States do not appear to he large. 
imporh ro'ie. a'i a proportion of domestic consump
tion. from le'' than IO per cent in the early 1970s to 
~4 .. l per cent in 191<7. Thi'i change is 'aid to rcnccl the 



gradual los:. llf cost-Nmpc:!iti\c:nc:ss b~ l"nitc:d Statc:s 
industry O\c:r the: past t\Hl dc:o.:ade:>. T,1 :.ome e:\tent 
the loss of market P•l\\C:r relleo.:ts a change: in pricing 
pulio.:y from a pc:rivd "hen l"nitc:d State:- prooucc:r 
prices were hdd bc:h)\\ the: len~l of the London ~ktal 
Exchange ( l~1E) to deter substitution. until 197~ 

when pmducers adopted the New York Commodity 
Exchange price. which is highly correlated with [he 
LME price. Since then. the United States producer 
price has at times excc:cded the LME price. 

An additional explanation of the loss of market 
power has been the impact of the dollar exchange rate 
on the price of copper and on the ability of the United 
States and other de\"eloped-country copp....r producers 
to compete effccti,·ely in world copper trade [23). 
Exchange rates can affect rc:lati,·e production-cost
competiti,·eness. and the export position of a country 
can deteriorate. if other foreign producers de\"alue 
their currencies against the currency of that country·. 
likewise. cost-competiti\·eness can deteriorate if the 
costs of a particular country rise faster than the costs 
of its competitors. As an example. table IV.86 
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summarizes consumer price index movements (reflect
ing changes in production costs) in the United States 
and its principal copper competitors, Canada, Chile 
and Peru. 

Although the Canadian consumer price index has 
risen faster since 1980 than that of the United States, 
there has been very little difference in United States 
competitiveness with respect to Canada, after adjusting 
for exchange rate changes through 1984. In 1985. 
however, a 5 per cent appreciation of the United States 
dollar against the Canadian dollar more than offset 
slightly larger price increases in Canada, worsening 
United States competitiveness in relation to Canada. 
Consumer prices in Chile have risen considerably 
faster than in the United States, but when adjusted for 
exchange rate changes, United States competitiveness 
with respect to Chile deteriorated considerably. In 
Peru, prices ha,·e risen dramatically since 1980; by 
1985, prices were more than 33 times their level in 
;980. After adjusting for exchange rate changes. 
however, the consumer pri'e index in Peru was 88.R. 
compared with 130.5 in the United States. Again, as in 
the cas(: of Chile, currency dcval•Jations in Peru had 

nh•re than e'.\ceeJc:d the diffc:rc:ncc: in inflation ratc:s 
bc:t\\c:en Peru and the: L'nitc:d State:.; .. .\lth,iugh i..'nitc:J 
States c,ippc:r pwdu.:ing .:ost cnmpc:titi\C:ness 1·0-ii-ri\ 
Pc:1 u \\l•rsc:nc:d. the: Jeteriorati,,n "as kss se\ c:rc: than 
in relation to Chile. 

A final trade issue: is the: long-standing dispute: 
between the EEC and Japan oJ\er Japanese tariffs on 
imports of refined copper [24). First brought before 
GA.TI in 1982. this dispute came closer to resolution 
in 1987. when both parties requested the Dircctor
General of GAIT to mediate. The EEC contended 
that the high Japanese tariffs harmed EEC smelters by 
raising of the price of their refined copper in Japan 
and allowing Japanese smelters to dominate the 
concentrate market. As a first step towards resolution 
of the dispute. the Director-General appointed an 
independent in\'estigator to establish the factuai situa
tion. Although similar or higher tariffs were applied in 
the Republic of Korea and Taiwan Pro,·ince. progress 
was being made towards their elimination. The tariff 
in Taiw._.n PrO\·ince was reduced in stages from 17.5 to 
6.5 per cent in 1987-1988. and in the Republic of 
Korea it was reduced from 20 to 10 per cent O\'er the 
same period. 

(e) Consumption of refined copper 

Copper possesses a number of \'aluable properties 
that make the metal and its alloys useful in nearly 
e\·ery industry [25). It is often consumed in almost 
pure metallic form by the electrical industry in the 
manufacture of ,·arious products. such as generators. 
motors. electric locomoti\'es. switchboards and tele
phone and telegraph equipment. In its alloyed form. 
major copper consumers include the construction. 
aut.>mobile, ammunition and shipbuilding industries. 

Since copper is used mainly in the pwduction of 
durable goods. its demand is largely based en the 
investment climate surrounding the industries pro
ducing such goods. With total ill\·estment in de\'el
oped countries tending to fluctuate far more widely 
than total consumption. such a relationship introduces 
a high degree of instability into the durable goods 
market. Mention has been made of the dependence of 
consumption on the availability of substitutes, not 
only in regard to aluminium and con\'entional materials, 
but also to new engineering materials. Table IV.87 
shows that world consumption of refined copper grew 
by 13.5 per cent between 1980 and 1988: these figures 
fail to reflect the sharp decline in consumption 
experienced in the early 1980s. Consumption stood at 
10.6 million tonnes in 1988 compared with 10.5 million 
in 1987 and 9.4 r:illion in 1980. Most of the refined 
consumption is 'hown to have taken place in the 
North. which accounted for some 62. 7 per cent of 
world consumption in 1988, down only slightly from 
65.6 per cent in 1980. Developed consuming countries 
with the largest share in 1988 were the United States 
at 20.8 per cent, Japan at 12.5 per cent, Federal 
Republic of Germany at 7.5 per cent, Italy at 4.2 per 
cent and France it 3.8 per cent. Among developing 
countries the Republic of Korea had a 2.5 per cent 
;;hare and Brazil 2.2 per cent. 

The sharpest increases in consumption in 1987-1988 
took place in India at 13 per cent. Mexico at 11 per 
cent and Belgium and Luxembourg at l!.9 per cent. 
Over the longer term since 1980 the Republic of Korea 
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reports the strongest increase at 217 per cent, followed 
by Turkey at 109.6 per cent and India at 68.4 per cent. 

In the United States, consumption in 1988 rose by 
3.5 per cent over the 1987 level and 18.3 per cent over 
that of 1980. The demand for copper in its construc
tion industry has been variable, with declines occurring 
near the end of the year. Al the same time, copper 
demand for use in industry and in commercial 
building has been more stable. The deman~ for 
consumer durables and industrial electrical equipment 
has also been good. In Japan. however, the growth of 
demand for copper to be used in both electric "·ires 
and copper and brass mill products has been much 
stronger. owing to a long-delayed boom in consumer 
demand. 

Consumption in Japan thus increased by 3.6 per 
cent in 19811 over the 19!!7 level. and by 14.9 per cent 
over that of 19!!0. In the Federal Republic of 
Germany demand fell by -0.3 per cent in 1987. Its 
increase of 6.6 per cent since 19110 is mainly due to 
increased activity in the automobile industry. Among 
developing countries, the rise in refined copper con
sumption was slrongest in Asia, which recorded a 
I IJ.7 per cent increase in the pt'riod 19X0-19XK. with 
the Republic of Korea and India showing the highest 
growth rates. 
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( () C 011sumption of copper semi-manufactu~,·s 

To obtain a better understanding of the abme
meationed changes in refined cop~r consumption. it 
1s necessary to examine both end-use substitution 
effects and recent changes m industries emplo~ ing 
cop~r as an input. As reflected m table l\'.llX. 

~.II. Je!jped copper !;!)Q,1!111!tiOll bJ Mjor aN=\MS..ll 
gl~""ted ,;Q\llltri§ w ngjggs. mo I!!!! lm 

C-tr; or re-;ioa ~OJ! l'tmll!MJ! 
IDd m!-use mo 1913 ~ 

t tllauslDd:s of taaae:sl 1970-1913 

llL!St.en ll!Rpe!I 
ElectriCll~ 
Cllllstncticm 
Tflllspart 
Gmrll elqi.neeriaq 
oa.estic 1ISeS 

ToW. 

llllite4~ 
Electriw~/ 
COllstructicn 
Trmport 
Gmrll ellllimeriaq 
oa.estic 1ISeS 

Jlpll 
!lectriCll~ 
Cllllstnctiaa 
TrUspart 
Gmrll aqimeriaq 
oa.estic .ses 

lruil 
llectri~ 
OmtnctiOll 
Tnmport 
Gaeril aqimeriaq 
oa.stic mes 

ToW 

l 417 l 651 
.., 512 
lOI 261 
574 615 
240 262 

3 091 ] 371 

1,011 1,220 
us 361 
196 171 
460 471 
173 164 

2 292 2 40I 

624 769 
90 122 

169 221 
171 2l'J 
61 111 

l 129 1 476 

63 
I 

15 
15 
5 

92 
15 
17 
I 

12 

106 IH 

ll.50 
19.02 

-15.26 
7.14 

9.04 

19.U 
-17.30 
-9.ll 
3.91 

-S.20 

5.06 

23.24 
35.55 
34.91 
34.27 

30.74 

46.0l 
17.50 
ll.ll 

-46.67 
uo.oo 

lS.15 

1'70 li4l 

H.O 49.l 
15.1 17.2 
~-9 7.7 

11.5 11.2 
7.1 7.1 

100.0 100.0 

44.4 50.6 
19.4 )5.2 
1.6 7.1 

2C.l 19.7 
7.5 6.7 

100.0 100.0 

55.3 52.l 
1.0 l.l 

15.0 15.4 
15.7 16.2 
6.0 1.0 

100.0 100.0 

59.4 63.9 
7.5 10.4 

10.f II.I 
10.4 5.6 
t.7 1.3 

100.0 100.0 

~: IC. Tlkeuclli 11111otllen,1l!t l!!dd o-t llMtry: its Q!mj11 
S~ I!!!! MID Pmpec:ts (lllmqtol, D.C., IDrld llllk, 1917). 

lllcludiaq Soltllm !llrape. 
~ lm:ludiaq tel~cati0111. 

electrical and electronic end-uses in Western Europe 
and Japan account for approximate!~ 50 per cent of 
total consumption. Con st ruction. transport and genr ra I 
engineering end-uses tend w be important in tho'>e 
countries and in o.hers as well. Copper tuning p 1a\'s 
an important role in construction. Coppt'r w.c: m 
consumer products tends to be about the 'ame in 
Western Europe, the United States and Japan. In 
191<3. 49.1 per cent of consumption in Western Euroile 
was for electrical end-uses. 17.2 per cent for constrnc· 
tion. 7.7 per cent for tram.port. IX.2 per cc:n1 for 
general engineering and 7 .X per cent for dome,11.: u,c:,. 

Although the: long-term prmpccl' for coppr.r u'e in 

electrical products :?!1~l triecommuntca110n• .. m: good. 
the current outlook 1s le's favourahle. tr, 1he I 'n11ed 
States. inHstmc:nt in elc:ctncal gencra11•1r1 and tran,. 
mission ha' rape red off from pa'I high ieHI' in 197 ·' 
and 1974. and rhis trend '' expected ~o continue: In 



Japan. appfo:ati,in., in the d<1ntc.-stic tdc..:,1mmunica
tion., market ha\c become ~turateJ nwing h> the \cr~ 
high lc\·d of telephone ow ncrship. In additi,1n. XO to 
90 per cent of new large trunk tekcommunicatilins 
may be taken o\er by fibre optic~. Cnnsumption in 
cables. generatinr e4uipmcnt. ekctrical in.,tallation< 
and motors is alsl> approaching r.ear-.. aturation. In the 
Federal Republic of <.iermam·. most of the past 
in\c:stmc:nt has bcc."n for ra1ionali1ation. rather than 
the e\pan~i,m of capacity. A continuation during the 
1990s of the rapid gwwth of the past 15 years in its 
electrical industr~ "ill depend ''" c\pansion in the 
territory of the Gerrr.an Democratic Republic after 
unificatior. of the twn countries. 

lg) Rt•p/act'mt•nt o( rnppa h_1· optical fihr.·, 

A major fac!or affecting copper consumption is its 
replacement by other traditicnal materials l>r by 
modern engineering materials. The traditional mater
ials comP':ting with copper are aluminium. stainless 
'>teel. pl.1stics I poly \inyl chloride). titanium. lead. 
cadmium and niobium. Aluminium has been increa
singly sub .. tituted for copper in recent year.,. Th:! new 
engineering materiab of importance are superplastics. 
oplical fibres and po .. sibly superconducting materials. 
Fibre optics technology now offer .. a \table. if not 
'>Uperior. alternative to copper wire systems in tele
communications. Current technology makes the use of 
fibre optics in telecommunication'> a reality. and the 
economics of optical fibre systems sugge .. ts that the 
'ubstitution may proceed rapidly. An examination of 
.. ub,titution pm .. ibilitie., i'> thu., imp1,rtant for under
standing ho1.1. rapidly copper wire dnd cable con.,ump
ti1in may decline [261. 

!\10-.1 .. ubstitution is likely to take place in the 
telephone network. hut application' are not likely to 
proceed at an equal rate of penetration in all parh of 
the '>Ystem. Telephone network' can comeniently be 
disaggregated into three general segment..: the long
di,tance network. inter-office exchange' and the lncal 
feeder and di,tribution l11op. In long-di,tance net
" ork'. the clear ad\ antage' of fibre 11pt1c' technology 
'ugge'" that the maJc1rity of the ne1.1. route' 1.1.1ll 
emplo~ opllcal fibre cable'. Po"ihihlle' for copper 
being u'ed arl' currently 'tronge't in the local feeder 
;md di,trihut1on loop. 

·10 forcca't the \olumc 11f copper that 1.1.1ll he 
d1,placc·d hy opt1c;1l fibre' m ''ire and ca hie u'e. the 
rate' 111 market '11h,t1tut111n 11l !1hre 11p1ic cable' for 
i.:oppcr wire mu,1 he ..:• 1n,1dered. -\i.:c11rdmg to the 
World Bani. I 2hl. the'e rate' IA.ere e\pected t11 \ary 
hct1.1.een pre\ 11111, le' cl' 11! 10 per cent 10 19X5 and 
. 12 per cent in 191\ll t11 a p11"1ble ~fl per cent tl\ 1995. 
I he Bani.. al'" applied the'e rate' t11 determine the 
l''" m .:npper 1.1.1re and ..:able i.:1111,umpt111n in the 
h:deral Repuhh' 111 < 1erm;tny. I ran,e. ltah. Japan. 
1 ·n11i.:d l\111gd11m .md 1 "mteJ State,. On the ha''' 11n 
pr11Jeded ( 11>1' gr1111.1h r.11r, l11r de\cl11pi.:d c11untr1e'. 
e\pe,red t11 ;l\cr;1i.:e ;1ho11t .1 per ..:cnt per ;annum 
het1A.een l'J)I~ ;and l'N~. the e\pcded ..:1111'11mp1111n 
ln"c' ;ire ~l\Cll in t;ihlc I\' )l'J 01the1111;1111! 10'1.0110 

l11nnc' 111 ..:• •pper d1,pl;1.;ed h\ 11pt1.:;1I l1hre'. the 
h1gi.:e': l'"'e' .ire lil..d\ 111 11.;..:ur m l:ap;1n .ind lt;il\. 
..:1111ntr1c' 1A.1th the 1.H!!l''' ,h,are, 111 .;11pper .;1111,11mp-
1111n 111 h11th the 1clcc11111mun1c.1l1"n' .rnd clcdri.:;a! 
111d11,tr1c' 

1m 
19'4 
I'll~ 

l9'ti 
19'7 
lm 
l~9 

1'90 
1991 
19'2 
1'9J 
19'4 
19'S 

~41lit ~:.n, _C91&'U..~-~U1!t.Lctl. t!P;:~ lll t~ .. ti9m 
l;_~~~ l~~ t.J ~~~ 

l~oftOlll!e: 

Cerull"f, luly 
fed!r&l 

ltpqt!ic af 

J!~ U:it..; CrutM 1.i.- sue.es 

-- ----~---------- ---·- ----··· 

i.s 1.1 ).! '·' C.! 1.2 
6.4 5.2 u 12.C 2., 3.1 
!l., '·c 11.6 2t.4 5.ti 7.9 
tl.4 14.1 20.0 31.l ,.7 12.1 
24., 21.1 21.0 4i.6 lU 11.9 
31.6 25.5 ~.9 SI.7 19.9 25.0 
36.l )1.5 u.o ti(i.7 25.2 l!.6 
40.1 )7.2 U.6 66.l lCU lli.l 
U.4 39.3 S2.5 70.4 ]4.6 40.3 
45.9 4!.2 SS.6 n.9 

]7 ·' 
42.6 

47.1 50.1 57.1 74.5 4C.5 0.9 
49.J 50.7 59.4 75.5 42.6 u.c 

~= Joo rcmus l!ct&l st.tistics (kw Yort, 111tric:111 anau ot 1tUl 
SUtistics I, nrious isAes. 

2. Industry restructuring 

Broadly 'peaking. four different markets for copper 
can be distinguished according to the major industry 
processing stages; that is. the market for copper 
concentrates. for blister copper. for refined copper 
and for copper semi-manufacture., [23]. This distinc
tion is important for understanding the dynamic 
relationship between suppliers and customers in the 
international copper trade. It should also he recogni,ed 
that each of these product categoric' has its own 
market structure in terms of the degree of flexibility of 
demand and supply. the degree of homogeneity of 
products and the characteristics of supplil•rs and 
CU'>tomer ... 

Quality differences in copper concentrates and 
b!i,ter copper arc distinctly greater than in refined 
..:oppcr. The mineral c11mposi1ion and assay of copper 
concentrates and bli,ter copper differ from producer 
t11 producer. depending on the geobgy of the mine .. 
and the type 11f proce,sing facilitie' inrnhed. :\lso. 
with hl1'ter copper. the site of a gi,en product differs 
dependmg on the habit\ nf a particular prnducer. 
Thu,, pr11duct differentiation among producer' i .. 
'tronger m the copper concentrates and hli,ter markeb 
than in the refined markeh. cu,tomer' tend to have a 
preference for certain t) pe' of concentrate' or hli,ter 
c11pper mer other type, . 

In 'ont ra,t to 'oncent rah:' and hli,ter copper. 
relined copper i' more 'tandard11ed in 4uahty and 
'11e. Refined copper '' almmt al1.1.ay' ea,ily inter
changeable among d1tfrrent brand,. The high degree 
11! homogenel!\ of refined copper pro\ ide' 1h cmto
mer, '-'Ith a )!realer tlex1h11ity in ohtainmg re411ired 
material .... 

Be.:;iu,e ot the high \ertical in1egrat11in of the ·~11rld 
1,;11ppcr 1ndu,1n. an\ c\planatinn of mJu,try 'rru.:ture 
n11"t hegm 1.1.11h 11ri.:an11at111n at 1he m111111g 'tage. 
While firm 1.:11ncentra1111n ha' dc~crea,ed h9't11rically al 
th1' 'ta)!e. 11 rem;1lll' l11gh al the 'melting and rcfming 
,l;age'. i.:11ni.:enlroal111n tall' 11ff ;1ga1n at the 'em1· 
!;1hri.;;1t11•n 'tai.:e 1\ large number of mterna11on;il 



copper firms are n~rtically integrated Ill some degree. 
but there appear w be rclati\'ely broad and acti\'e 
arm's-length markets between independent firms 01t 
each stage. 

(a) Largest companit•s in tht• .\'orrh 

In 1948 the se\·en leading transnational copper
mining corporations. namely Kennecott Cop per ( L' nited 
States). the Roan-AMC Group (United States). the 
Anglo-American Group (South Africa). Union' .{miere 
(Belgium) and International !'<ickel of Canada (1:.jCQ). 
accounted for 70 per cent of total market economy 
output. but by 1969 their share had dropped to 54 per 
cent [27). By 1978. Newmont Mining (United States) 
and Asarco (United States) had replaced the Roan
AMC Group and Union Miniere. with the se\'en largest 
companies accounting for 25 per cent of capacity. As 
shown in table IV.90. the 10 largest firms now account 
for only 28.3 per cent of capacity. The largest of the 
10 are Metallurgic Hoboken. Asarco. Phelps Dodge. 
and Canadian Copper Refiners. These changes in 
market share can be attributed to the following fi\'e 
main factors [28): 

(a) Many new disco\'eries of major copper sources 
ha,·e occurred, most recently in the South Pacific 
(Australia. Indonesia and Papua New Guinea). the 
Pro\·ince of British Columbia ir. Canada. Siberia and 
parts of Africa and Latin America; 

(b) The possibility of geographical disco\'ery has 
been aided by the diffusion of the mining technology 
needed to work \'ery low-grade ore bodies successfully 
on a larg1: scale. This includes the recent de\·elopment 
of solvent leaching processes that permit copper 
recovery to be maJe from tailings; 

(c) The pressure towards creating new sources of 
copper has come from the desire of smelting. refining 
and fabricating companies to integrate backwards to 
their own supplies or to finance the growth of small. 
new copper mines and be paid back in output. Financing 
from companies based in Japan. for instance, has played 

a major role in the multiplication of copper \'entures 
ll\·er the past 15 years. Japanese companies ha\e used 
conaacts for copper metal or .:opper Cl1ncentrates as 
.;ollateral in pro\iding capital between 1%6 and 1973 
for 13 new mines in eight CllUntries. By 1975. 57 per 
cent of Japanese imports (414.DOO tonnes) originated 
in projects financed in part by Japanese institutions. 
In addition. Japanese firms haw de\·eloped new mines 
in Zaire and \falaysia using equity in\·estments. 
Refiners and fabricators in the Federal Republic of 
Germany. led b~ the ~orc!deutsche Raffinerie-Metall
gesellschaft AG group. ha\·e followed the same pattern 
in Africa and the South Pacific; 

(d) Comp:-.nies not traditionally associated with 
copp.:r ha\'e di\'ersified by forming or buying copper
mining companies; 

(e) State-owned companies have become increas
ingly acti\'e in the industry as Go\'emments of 
den~loping countries ha\'e attempted to obtain more 
control over the exploitation of their copper resources. 

A number of United-States-based mining firms 
l:a\'e some degree of \'ertical integrauon between the 
mining and refining stages. Anaconda, Phelps Dodge. 
Kennecott and Asarco all have large mines. smelters 
and refineries. In Japan. Nippon. Mumitomo. Mitsu
bishi and Mitsui are the major smelters and refiners. 
but their links to the mining stage are largely indirect. 
In Western Europe. Norddeutsche Raffinerie and Umon 
Minicre are the largest smelters and refinery groups. 
but they do not own mines. 

The degree of integration in the United States. none 
the less. has ne\'er been exceedingly high. Whereas 
Anaconda. Phelps Dodge. Kennecott and Asarco had 
17 per cent of the mining capacity of de\·eloped 
market economies in 1979. their collecti\'e refinery 
capacity was 22 per cent. Three other large Llnited 
States-bcised copper companies. Amax. Cerro and 
Phelps Dodge, operate custom smelters and refineries 
to process the output of other producers who retain 
ownership but pay toll charges. Altogether. Amax. 

Til!le IUO. Ille large;it cwr-refiJlinq l!!l!h!Pics jn tl!e lortl!· !HO tnd 1911 
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leWlurqie 1oboken (Belqiu.) 
Asarco (Oni ted SUtes l 
Pbelpg Dodqe (JlliUd States) 
CWdiaa CGWtf Refiners (canada) 
lippoa liniaq (Jipaa) 
lorddeutldle Wfillerie (Federal 
Republic of C".erMDy) 

Qlllloll Sllltiaq aad 
lef iailq ( .i.paa) 
.. COpptr (Dnited States) 
KtMec:ott COpptr (Olli ted States) 
lJCD ( CWd.I) 

TOfAL 

c,pacjty 
1910 19U 

( tllclisaDds Of t4Nles) 

780.0 150.0 
522.4 413.6 
446.2 l&0.9 
415.4 371.9 
360.0 JOO.O 
240.0 2Xl.O 

234.0 234.0 
111.4 272.1 
m.6 206.1 
179.6 179.6 

3 802.6 ) 01.9 

l'troelltq 
~ 
mo-19aa 

1.24 
-26.30 
-17 .u 
17.07 

-20.00 
-1.)5 

o.oo 
11.n 

-104.13 

-10.~ 

~: loo lcrroys lcW Statjstjcs (11111 York, Allricaa air1111 of llW 
Statistics, Hrioui: W.). 

1910 1911 

1.69 6.91 
5.12 l.40 
4.97 ).IJ ... ~ l.05 
4.01 2.46 
2.67 1.19 

2.61 1.92 
2.02 2.24 
4. 72 1.70 
2.00 1.41 

42.19 21.26 



AsarCll and Cerw operate 19 per cent of the "melting 
capacity and 32 per cent of the refining capacity in the 
L'.nited State,,. but lwld ,inly 5 per cent ,1f the mining 
capacity in that c,1unt~y. At the ,,ame time. Ou\al. 
Cypru" and Citic,, Sen ice ha\e bec.m1e large mining 
ctimpanies t DU\· al and Cy pru" ha\'e capacitie" of 
L!0.000 and 100.000 tlHtnes. rcspecti\'ely ); \\ ithout 
,,melting or refinery facilities ,1f their own. they thu" 
rely on arm",,-kngth market tran,,acti,rns (those t~1king 
place at open market prices rather than internal 
prices) for thnse "en· ices. 

An arm"s-kngth market for smelting and refining 
sen·ices is growing in de•d,1ping ctiuntrie" [27). h1r 
example. Soutl.ern Peru c,1pper Company. O\\ ncd by 
Asarco. Cerro. Phelps Dodge and :'-iewn•ont. produce" 
blister copper. which is then refined by ~hner,1 Peru 
tEmpresa Minera del Peru). In Papua ~ew Guinea. the 
Rio Tinto Zinc mine sel!s it'> concentrate" to non
affiliated smelters. w::h the exception of a small 
amount sold to a subsiciary in Spain. 

Concentration is also relati\'ely diffuse at the semi
fabrication stage of the international copper industry. 
Concentration ratios at almost all stages of copper 
milling and foundry operations ha;;e been declining. 
There is a high degree of \'ertical integration from the 
refining stage to the semi-fabrication stage. but the 
O\'erlap is highly imperfect. again reflecting a broad 
arm·s-kngth market. Altogether less than one half of 
all cnpper fabricati.m facilities an: affiliated with 
copper prnducer ... The owner .. hip structure at thi,, 
stage also appears 1t1 \'ary c.in .. iderably from C•)Untry 
to country. In some countries ... uch as Belgium and 
France. the principal c11pper semi-manufacturers and 
manufactur.:rs are member' of the .. ame corporate 
group; \\hik in nther countric'. 'uch .i .. the Fed.:ral 
Republic .if Germany and the l 'niteJ St.itcs. there ;ire 
a large number of 'emi-manufacwrer' and manu
facturers that ha\e no corp11rate interconnections. 

(bl l.argl'.\I compcmi1'\ 111 the South 

(her the pa't '>e\eral decade., Ci1l\ernrneni.. and 
pri\ate intere .. i.. in de\d11ping cnuntrie .. ha\C in..:re;i..cd 
their "" ner,hip ,,f mine' a' \\ell a' unrefined and 

refined c.1pper capactty. A recent assessment (29) of 
th.: nll1re imp,1rtant ,if the~ ,1wnership changes 
highlighi.. the fol1,1wing: the ac4uisiti,1n by th.: Cil>\ern
m.:nt 1lf nu:.: •lf the prnperti.:s and pwcessing 
facihti'" hdd by Anacnnda. K.:nnecott and Cerrn in 
Chile: the ac~uisiti<lll by the Cio\ernment ,,f Zambia 
,1f a majority interest in :"'changa Con,,11lidat.:J 
Copper ~tines and in Roan Consolidated ~tines: and 
the ac4uisition by the uo\'ernment ,1f Zaire ,1f the 
propcrtie" and pr.1cessing facilities held hy l' nion 
~tiniere du Haut Katanga. 

Other instance" ,11 g0\'ernmcnr t•r pri\·atc intercsb 
increa .. ing their participati•m in c<>pper ha\·e occurred 
in Peru. \\here the G<>\ernment has ac4uired the 
properties and processing facilities of the Cerro 
Corporation. and in ~texico. where g,n·ernment legis
lation designed to increase local participation in 
industry has resulted in pri\atc and public interests 
acquiring a majority interest in se\·eral pre\'iously 
foreign-owned copper companies. Prior to these natio
nalization programmes. the im·oh·ement of de\·eloping 
country gtwernments and firms was relati\'ely small. 
Some exceptions were g,n·ernment inn>kement in 
Chile ( Empresa :"'acional de Minera ). India (Hindustan 
Copper) and Yugosla\·ia. and gO\·ernment-pri\'ate 
\entures in ~kxico and the Ph;lippines. 

Table IV.91 pro\·ides a ranking of the refined 
copper capacity of the Ill largest c1>rnpan:e, in the 
South. Tngcther they account for only 23.~ per cent of 
total capacity. H11\\e\er. the concentration is fairly 
high if the share of the first four out of 10 is 
cono;idered. Some 7-1.3 per cent is accounted for by 
fcur g1J\ernmenl enterpri .. cs. namely Zambia Ct1n,nli
dated Copper '.\tine'. Companio de Cobra. Gccamines 
and Enami. Further comment'> on re,tructuring in the 
South arc gi\en beh1\\ in .. ection 3 on ..:apacity 
utili1ation and cxpansi11n. 

(..:) Si~niticancc of Statc-controllt·d inc/11\lfl•'' 

:\tineral spcciali'h ha\'e come to recogni1e that 
State-controlled enterpri'e' haw become m11re pre
\ aknt in internation;il mineral market'> 1291. Such 
cnterpr'.'>e' range fn•m State-trading nrgani1ati"n' and 
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State·o\\ ned mineral mdu-.trie-. 1<1 re~ulat·.>r\ al!em:u:s 
that determine tariff'.'> .ir ~\ert -=••mr,:1 in th~ p~oc.:ure
ment <If minerals. l"heir narnre and impa..-c 'aries 
ac.:cMding t<' "heihc:r the~ re-.ide in dc:\d<•ping <)r 
de\dtiped countric:~. <If tal..e the form uf inrernational 
agencies. 

T"he nwst <lb\ i1>us impact ,if the l!ft>\\ th of State
ointroiled enterprise 1111 an industr~- -.uch a'> copper 
w <iuld be to c.:hange market s1ru..:turc: and hc:nce price 
formation b~ increasing llr decreasing 1he degree t>f 
competiti<>n [JO). :\n~· increase in 1he si1e 11r number 
oi State-c.:ontrol!ed enterprises might infringe upon the 
sur\"i\"al of pri\"ale industry. Such an increase \\liuld 
ha\·e to be acc11mpanied b\ 1he actual exercise of an\ 
auained market po\\er. p,;ssibili1ies for producer and 
consumer car:d~ can also be increased. since public 
~nte!"prises are better suited to enter into restricti,·e 
t~pes nf internati•>nal commodity agreement. The-.e 
enterprises could also lead to ltl\\er output and higher 
prices than could ha\·e been achie,·ed otherwise:. 
resulting in permanently higher production costs [29). 
Greater mineral price instabilin· ma\· also arise because 
of the pr.>Juction intlexibilit\· .of sia1e mineral enter
prises. The possibili1y also -exis1s that nati1malized 
firms will break up and not re-establish cc:rtain chains 
of \·ertical integration. 

The contemporary histor~ of increased State owner
ship began in the late 1960s. In 1967. the Go\·ernmeni 
of Zaire nationalized the properties of Union Miniere 
du Haut Katanga. bringing all the copper operations 
of the country under the State-owned company. 
Gecamines. In the same year. the Go\·ernment of 
Chile assumed a 51 per cent interest in the El Teniente 
!\'fine of the Bradem Copper C.1mpany. a wholly 
owned subsidiary of Kennecon Copper Corporation. 
This was followed in 1969 by an agreement whereby 
the Go\"ernmeni acquired in 1970 a 51 per cent 
interest in the Chiquicamara and El Sal\ ador pro
perties of Anaconda. Nationalization of the Chilean 
copper industry was completed in 1971. In 1970. the 
(;o,·ernment of Zambia began to acquire tht" properties 
of the Anglo-American Corporation and of Roan 
Sclecrion Trust. By 1979. Codelco (Chilel. Gecamines 
(Zaire) and Zimco (Zambia) iogether accounted for 
24. I per cent of total mine capacity of the dc\"eloped 
marker economies. 

If the nationalization of copper companies prior to 
1976 is accepted as an action that was nccessarv for 
Go\·crnments to acquire resources for economic dc\·el
opment. the recent completion of such action suggests 
that no funher changes in market structure are likelv 
to occur in the immediate future. The increases i~ 
ownership since i9XO. reflected in table IV.91. ai~ 
reasonably small. and ~ince these increases ha·•e not 
led lo market power in the form of price manipula
tion, it appears 1ha1 any future structural impacr rhar 
State-controlled enterprises might have on the !'Tlarket 
is limited. hen when the Intergovernmental Council 
of Copper Exporting Countries undertook its first 
cartel action in 1974 to influence prices. no copper 
price increases came about. To a large extent. the 
relcgarion of copper price formation to the L!\1 r also 
acts as a safeguard. 
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3. Capacity utili:ation and ~:cpansion plan1 

He..:ause nf the ~hnrt.:r t:•lO~tru..:ti1)n p.:riud-. for 
'mdtcrs anJ refineries than f.H mines. nC\\ pr.)je.:ts 
and c'pan~i<lll~ arc n111 ann1)unc.:d far in ad\an.:c (31 J. 
Data un future capa.:ity. e\ en '" rthin a peri,1d ,,f fj\ c 
~car-.. arc thc:reforc unrdiabk. h•r thi' n:a,<>n. and 
he.:aus.: significant data for the gr,>up of the former 
..:entrally planned e..:,>nomies arc O•ll a\ ailable. 1>nly 
rnugh estimate:~ <•f total planned .:apacit~ arc p11ssibk. 
1 able I\". 92 sho\\s that there: \\ere apprn,imatel~ 
12.2 million tonnes 1>f refining .:apa..:u~ at the c:nd of 
191\l\. up from 9 milli<>n tonnc:s in 19!\0. One source 
t[.32). pp. 27-JI I '.'>!ates that in 19XX-19S9 this capacity 
was utilized to pr11duce refined coppc:r at a rate 
e4ui,·aient to the: utilization of S4 per cent of global 
mine capacit~. This figure agrees with the range 
estimated by the l'. niteJ States Bureau of \tines [ 24 J. 
Refinery capacity utilization 1s c:stimated at berneen 
XI and 91 per cent and smellc:r capacity at bet\\een 
7 7 and 80 per cent. 

Regarding the distribution of capacity. table l\".92 
show~ that in 19XX about 30 per cent could be found 
in Sorth and Central America. 16.25 per cent in Asia 
and Oceania (including Japan). 9.64 per cent in 
Africa. l.J.52 per cent in Latin America and I 2.J5 per 
cent in We~tt"rn Europe. Among indi\"idual countries. 
the li ni1ed States accoun1ed for IX. I per 1:ent of total 
refining capacity. followed by Chile (9.9 per cent). 

T.tblf F-~~. sH ~-wi1ill!I QQll;iti end 2t m1 

k<;ioa, COlllltr1 '8citx Ptre111tq Ptrcctq 
or aru me 19H ~ __JJjm_ 

I tllouwDds ot tonnes) 1916-1911 1910 ma 

UlliUd ~tes 2 U'-2 2 202.0 -1.79 26.90 11.10 
tlSSI I 040.0 us 
Jlpill I 242.1 1 166.4 -6.0'l ll.IS 9.st 
~le 765.o 1 201.0 57 .91 1.53 9.9) 
iatli• 170.0 no.o 0.00 1.51 6.ll 
Qnid.i m.s 610.0 40. 72 Ul 5.01 
lelqi• ad Uilaillourg 120.0 150.0 J.66 9.14 6.91 
CenMy, Pedenl bplblic ot 125.0 J«l.O 4.61 l.62 2.IO 
l'lllilld 02.0 J.55 
Pull 190.0 m.o 27.H 2.ll 2.00 
kire 250.0 250.0 0.00 2. i9 2.05 
ll&str.ilii 210.0 230.0 9.52 2.14 1.19 
South At rica J~.o 154.2 -0.52 1.73 1.26 
Tlllplni• 150.0 150.0 o.oo 1.67 !.2J 
Spill 170.0 114.0 1.21 LO l.51 
le1ioo 72.0 165.0 129.17 O.IO 1.36 
llmil 150.0 150.0 0.00 1.67 l.21 
ltp&licot loru llO.O :l'Yl.O 5J.S5 1.45 1.64 
Dlitfd lill!Jllol m.o t;'.·.O -11.n I. 75 1.06 
l'llilippiaes lll.O l.ll 
atiJll 475.0 l.90 

lortll Aaria,j/ 2 147.7 2 112.0 -1.21 ll.7) 21.u 
ll&stall ~ I 472.0 1 503.0 2.10 16.40 12.35 
ltria,j/ I J75.0 1174.2 -0.10 u.u 9.64 
Llti.n Allrie.11 1 17'1.0 I 766.0 50.04 U.11 14.52 
Asiai/ I l72.I 1 979.4 14.26 15.JO 16.~ 
Catnll V platd 

ICOllOl.ialf I 622.0 U.JO 

----
1'0flL I 970.0 12 1~9.0 15.66 100.00 100.00 

Ss>~: Int fmM lcW St.ttist.ics (llell Yort, .lmicin airuu ot llrUl 
SUtistics, urioas i-). 

If llMed oa dlt.t i• t.iblt. 



Japan 1'>.o per centl. t·ssR nu-. per centl. Belgium 
and l.uxemht1urg ( - per centl. Z;1mbia I ti .. ~ per cent I 
and Canada ( 5.0 per cent I. 

.-\lthtiugh de\elt1ping Ctiuntrtes ha\C: wughly the 
'ame 'hare: ,if mine: capaCll\ as de:\ c:ltiped cnuntrie,. 
their ,hare decre;1'c:' \\hen !he pr,1p,1rt1tm i' e\amined 
at higher stagc:s ,if ctippcr procc:ssing. In 19XX. the 
majnr copper-c::1.pt1rting de\c:lnpmg countrie' accounted 
for ~S.S per cent ,if the refinery capacity ,if the 
de\elo; :J market ecnnnmies and for J5. I per cent llf 
their smelter capacity. The higher 'hare ol smc:ltc:r 
production in dc:\c:l,1pc:d countries i' due 1t1 imports ,if 
concc:ntratc:s and the use: of copper scrap as a smdtc:r 
input. In de\doping countries. scrap accl)unts for a 
\cry insignifo:ant part of smdting and in most casc:s is 
nil. 

The: diffc:rencc:s in the: percc:ntage of smelting and 
rc:finc:ry capacity ha\C: been changing in rc:cent yc:ars. 
and will presumably continue: to do so if dneloping 
countries can manage: to deri\c: the economic bc:nefits 
that wme frnm incrc:ased copper prncessing. Although 
se\·eral devdoping countries. such as \1e.\ico and 
Papua !';c:w Guinea. continue to export concen:rates. 
many c<mntries are exporting an increasing proportion 
of refined metal as compared with copper at other 
stages. 

For example. in Peru. which exports mu 60 per 
cent of its copper as blister copper and 35 per cent as 
refined metal. there are plans for building addnional 

refining capacity. The coppc:r industries in Chile: and 
Zambia are integrated tti a substantial 1.kgrec:. \"irtually 
all the 11utput 11f the Zambian mine:' ., rdined before 
e\port. .-\pprn\imately :o per cent ,1f Chilean mine 
prt>duction is rc:fined lt•cally. the rem;1inder bc:mg 
smelted locally and exp11rted a .. blister <:tipper. In 
Zaire. appr,1ximately 90 pc:r cent of ,1:itput i' -.mdtc:d 
locally. and ..i5 per cent is pwcessc:d thr.n1gh tti the: 
refined stage. 

Regarding new copper mine and plant construc1i,1n. 
the following acti\ities ha\ e been n:p11rted for 1990 
l[JJ). pp. S9-9-\l: :'\orth and Cc:ntral .-\mc:rica-foc: 
pwjects at Sti 11 million: South America and the 
Caribbean-19 projects at S5.o 71 milli<•n. Et1rope
four projects at $559 million: Africa-one project at 
$700 million: Asia-fiw projects at S53S million: and 
Oceania-eight projects at S 1.3..ig million. This yields 
a total of ..i2 projects at S9..t2X million. 

Information on smelter and refinery capacity e\pan
sion is also a\ailable 1(33). pp.89-!031. As part of the 
ne\\ inwstment projeci... listed in table IV.9.~. smelting 
and refining expansion is expected in Chile at Codelco 
plants at Chm1uicamata. Caletones and Potrerillos 
and at E~A\11 plants at Las Ventanas and Paipote: in 
the Republic of Korea at Onsan (although offset by a 
closure at Changhung): and at Port Kembla in 
Australia. A 25 per cent increase by Pasar in the 
Philippines is probable. but not \et confirmed. while 
the future of the small smelter in Taiwan Pro\ince is 

iabl~ n'.,23. SW'veY Q( COIJ!fi sriejt~r and re(illen u~nsions, 199! 

CCllpllny Location Project planned oower Investrent 
capacity [iiillions cf 

(tonnes per year} dollars} 

Fallllllliridqe Tinlins, aitario niter, refinery eo m 60 
Canada 

Paraibuna de lletals Sao Luis, Braz i 1 niter, refinery 100 000 150 

Code Leo Ol11j11ic.nta, Chile solvent extraction 250 000 280 
electfCllinninq 

En.vii Paipote, Chile !niter 130 000 25 

En.u tas Vtntanas, Chile Slll!lter 150 000 67 
Hudson Bly Mininq Flin Flon, Mar.itd>a, snelter llO 

Canada 
Mi tSllblslll ll!!als T!Ys City, Ttxas snel ter 150 000 200 

!lnpma Mlnera Tl n ta ya, Peru Slll!lter, pl.Int 24 000 
Hierro Ptru "1rcaia, Ptru % 

OUtltlllpl llarjavdta, Finl.11d •lter, refinery 100 000 23 
Qui.liqal Sines, Portugal nl ter, ref 1 nery 100 000 JOO 
Bor Groic> ~r, Yuqoslavia niter 210 000 122 
Govetm!!!t Sabah, Malaysia snelter so oo[j} 150 
Pasar !!li;ippines ssielter 170 000 50 
Electrolytic Rffinir..:i Port Kstila, lltw Slll!lter 80 000 150 

South *les 
Hlndustal Copper lllletrl, India snel ter ll 000 10 
Hindllstai Copper Qlatsi la, India refinery 20 000 ~ 

!lational Iran C~p!'r ~rctestnn, Isl.11\c ooncf11trator, 153 
l!epublic o! Iran snel ter 

~= "lntetMtional project s1r1ey", ll!gjonrlng and llinjm.lwrnlJ, ~l.191, pp.89-94. 
J!WJ: A lltll ?roject IJlde; oonstrurtion. 

Start Project !IJtes 
classi-

fication 

1988 BD ExpansiCJI !rm 52,655 tames J*r y~ar 

1989 Also 50 tonnes per \"!df c! sil.-er 
ar.d 5 tCJlnes per year ct gold 

1988 lnclllles leachinq plar.t a: 
Mina ~ur ope11-pit "m~ 

199'.2 lie• ccnverter and U>'Jra1ir.~ .-.f 
oxy-ier. and acid plar.t 

19'Xl 0 llew acid and oxr,en r !art 
E lloranda rea~or tc te irsta:1~ 

199i l Ccnrentrate frCl'I Latin nri:-an ~in.-.: 
c Ccn~ntrate fr<J' ad1a~r.t ~ine 

1988- BC Trea!J!lent of tailinqs and pr0011cticr. 
1989 of l 000 tonnes per year 

ExpansiCJI fmn M 000 ttJ",nes per year 
f~ fri'Ji ~es Ccr-~; na~h :n~ti:-x; 

199ls Feed fmi Bor Basin 
Copper (!)nCftltrate frtJ'! tne Har.Ill f 1~i·1 

CE ExpansiCll fru:i lJ1 ooo tcnr.~ ..,r yMr 
l~ 0 ExpansiCJI to dolt le 'awi ty 

1~88 

191!8 E~pansioo fran 16 500 toonP~ per yPar 
lOlf, Expansi<JI by 40 000 tonnPs per )"'ar. 

pl115 6 000 tor.nes tl"r yMr ot ~lt 

·-------------------·- -

8 Project ir.cluled in devel~t proqraie, on wllidl llhich oonstruction llas not yet tiequn, an1 r.iy require further findll~.~
C Project in the ln1tial prqiosal stdge. 
D t1p1nslon of c11m11t facilities. 
t bllne capital expendlturt to Nintain capacity or mlernlze facililitS. 

1/ Blister cqiper. 



said 10 be :n dt>ubt. In the United States new capacity 
is ct>ming 1 n stream at the San \fanuel plant of 
\fagma C\>pper. helping ll> offset the closure of the 
Douglas plant l>f Phelps Dodge. and the Bingham 
Canyon wmplex is ret>pening. :\part from the scheduled 
expansit>ns. plans by Mitsubishi \1etals for a ne\\ 
smeller in the l1nited Stales with a capacity of 
between I 00.000 and 120.000 tonnes are well ad\'anced. 
while in Brazil a IOOJX>O-tonnes plant al Mananhao 
and a 300.000-tonnes plant b~ CVRD al Azul are alsl> 
real possibilities. The Paraibuna project in Bralil and 
the Pasar expansions are acct1mpanied by similar 
increases in the refining capacities of the plants: 
!\1itsubishi. howe\·cr. will produce anodes t>nly. In 
addition. a new I00.000-!0nnes refinery is being built 
in Zaire al Luilu. and there are important expansions 
by '.'lorddeutsche Raffinerie in the Federal Republic of 
Germany and by Falconbridge al Kristiansand. ~or
way. 

4. .Vatur~ of production costs 

Prnduclit>n Cl>Sls are central l<> an~ analysis tlf the 
performance and structure of the world copper industr~. 
Howe\·er. the :iccurate assessment ,if these C<hb 
remains difficult. not tioly because t>f the lack ,,f 
suitable data. but also because <>f ob\ious differences 
in accounting procedures between firms or between 
organizations making independent estimates. .-\n~ 

international copper cost Cl•mparisons :nade must 
thus be interpreted cau:i .. msly. 

Among sources of cost information. the l"nited 
States Bureau ,,f Mines has pro\·ided publicly a\aiiable 
estimates on a regular basis for the major Cl>pper
prnducing countries [::!..t]. The most recent estimates. 
shown in table l\".9..t. feature total production cosr-; a~ 
well as smelter refinery costs (\\ hich include costs of 
transport and of by-product and co-product smelting). 
Australia. Chi!e and Zaire are shown to ha\'e the 

~- ~t;s~ ~r-rdiail!'l ind tQ~! gr00ucti2a ~01Sts 
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1Januan 1911 dollars per pc!llld of refi!Md O:PW• 

-------- -~-~- -----

Coun~rr L'tl! luater Kint !ill opera- Slei!er and B)- Jlet Ta:i.~ 
t;pe •)! ;:o5t ct ai!leS operatur, t1:iq ·~t! refiner: ~rilduct operiti:iq 

cost cos~ credit cost 
-·-· --~---- --- ---~---- ------------

Aill&..aD.'Ml Ho¢..."tion ~ 

>.!JStral:a 0.1-: i).!4 (-.16 0.2; 
C.W.ui !! c .• - 0.J( 0.52 0.92 
<llil> C.15 0.16 O.•l9 Q.i)') 

Pen: G.:l 8.)1_; O.JJ C.07 
Philippines 7 c.2a OS 0.21 0.49 
Oni ted States II o. '! 0.2! O.F 0.10 
Zaire 0.2' : .)4 c.~ 0.25 
:al!lia 0.32 oJ.26 0.25 0.03 
other 40 0.35 0.l6 0.21 0.42 

T0t!l n\llbo!r ~! 1i:ies 
anol aver~ cos~ l!2 0.26 ,.,_~5 c.21 0.27 

!.fil:2!.:t11e-1ioe produo.."tiOJI ~~· 

Australia 4 0.47 0.22 0.19 o.44 
c.anada9! 11 Q.61 0.31 0.61 ).2) 
Olile 7 0.1& 0.21 O.O'J 0.05 
Pmi 5 0.1~ 0.30 0.36 0.22 
Philippines 7 0.24 0.31 0.24 0.21 
Onited States 11 0.16 0. '6 0.17 J.09 
Zaire 4 0.29 0.15 0.25 0.19 
lalbia 9 O.JS o.~ 0.25 0.01 
otller 40 0.21 0.)1 0.21 0.3' 

Tota! llllllber of li11e1 
and avenqe cos~ 112 0.25 o.~ 0.21 o.n 

---------------------------
:iO!m: K. Tateudti 11111 otllers, Jtc i!ot!d r.oppcr lndyStrl; itA llw!gjoo 

:jtlucture and Mun Px0§8Ccts (lll5llinqt011, D.C., liOrld lank, 19ai). 
•I lncludinq OC1ff1tf recoffr'( by ludlinq 

O.JO 
O.lt 
0.34 
G. 76 
O.JS 
0.52 
0.45 
0. 76 
0.57 

OX 

0.44 
O.l7 
0.42 
0.63 
0.52 
0.50 
0.51 
0.11 
O.'ili 

0.50 

b/ lncludinq oost of trwport 11111 of by-product 11111 co-pro&ict 11eltiaq. 
<;/ Tu• ud pro«x:tl.in ClllU ue at a rate of ntun of aero per O!At 

and do not include tu• llMed Oii State or federal reteiaie. 
ill COit l'IUICI! o•u tlle life of tlle udlinuy. 
cJ l•u111H uy DOt ldd pneisely because of romlilll!-
U OD tbe bllis of lllNal priU:tioc rata and ore qrldel i1 1911. 
~ lncludi11q tlle ~ 1ictel-<X>WU oper1tlons of llOO and 

Faloonl>ridqe. 
bl On tbe buis of llft-0f·t11e-1int production nU5 llld m qrades; not 

neceswily retlectinq 1911 qrade and production. 

C.02 
0.04 
0.01 
0.01 
G.01 
0.01 

O.Ol 

0.01 
O.Ol 
0.01 
0.01 
0.03 
0.01 

6.01 

c.isl! ieor;eri of ToUl 
.:osts c.ipiW4 prodllct;on 

~,~-

------------

0. ~c:: 0.Q' C.F 
c.r C.13 0.54 
0.34 0.(t O.l9 

0. "? C.!4 0.9;: 
D.43 0.10 C.5J 
0.5J o.o: 0.6! 
0.46 0.03 0.41 
0.14 0 06 o.n 
0.59 0.15 0.'4 

O.ll 0.l)Q 'LS"" 

0.44 0.07 0.51 
0.37 0.11 0.55 
0.0 0.05 o.u 
0.64 0.15 o.ao 
0.55 0.10 0.65 
0.50 0.07 0.57 
M2 0.03 0.54 
0.15 0.06 0.9! 
0.'>A 0.1~ n 14 

0.51 0.09 0.60 



llrnc;:,,t a\c:ragc: hl!:.il co"ts follllwc:d b~ C:mada .md the: 
Philippine:" Smdtc:r rc:finc:ry cnsb \\ere lln\c:st for 
. .\ustralia. Chik :.ind the: l·nitc:d Statr:,,. folllmc:d by 
Zambia and the Philippinc:s. Smelting Cl•sts include: 
roasting. smdting. comc:rting. fire: rdiningandddi\c:r: 
,•f the: bli,,tc:r ;;,ipper hi the: refinc:n. Rc:finen costs 
include that ,,f cnm erting dectr~i-rdining . blistc:r 
C•>pper or anl1de c••pper intti high-grade cath,ides. and 
of deli\ering the refined C•lpper tn the mill. Depending 
ll~ !~v 1ti·'- •ranspl>rt c•>Sts can add considerably lLl 

process· s. 
Other •em·e-; in reported cost estimates are due 

not only to the techn<>logy innil\ed. but also to the 
cost structure. which \aries with factor input propor
tions [34). For example. smelters can emplo~ any of 
the follo\\ing se\en furnace technologies: con\entional 
re\erberatory; oxy-fuel re\erberatory: electric: lnco 
!lash: Outokumpu !lash: ~oranda continuous: and 
Mitsubishi continuous. The con\entional re\erberatory 
furnace is the most widely used smelter techrology in 
the world. but it is also the poorest performer. using 
'hree times as much labour as the most labour
etTicient process. With res:-'ect to energy. these furnaces 
consume larger quantities of fossil fuels than do 
furnaces using the: other technologies. and require 
more electricity than all except the electric furnace. 
They also incur the heaviest charges for supplies. As 
for by-products. re,erberatory operations produce less 
sulphur but more steam than most other processes. 
The use of oxygen-enriched combustion air in re\·er
beratory furnaces is a \ariation practised to a limited 
extent. This modification impro\cs factor prc-duc
ti\ity. but reduces the production of 'iteam and 
sulphur by-products. 

Compared with furnaces using con\entional re,·er
beratory technology. electric furnaces ha\e 60 per cent 
higher labour producti\ity and partially substitute 
electricity for fossil fuels. Electricity use in electric 
furnaces is nearly double that of any 1llher smelter 
technologies. :"or are any credits for steam produc
tion accrued by electric furnace facilities. The flash 
(loco and Outokumpu) and continuous (Noranda and 
Mitsubishi) processes are generally the most efficient 
smelter technologies. Together they account for 44 per 
cent of copper production. Each requires roughly the 
same amount of labour (0.8 to 0.9 working hours per 
tonne c,1 concentrate) and electricity (330 to 380 
kilowau-hours per tonne of concentrate). Gas and oil 
use is greater for the continuous processes. and 
sulphur and steam production vary among the dif
ferent technologies. 

Data regardmg actual factor costs in the count~ies 
referred to abo\e arc difficult to obtain. For most of 
the countries. either delivery or labour is the largest 
cost component in refining. Individually these factors 
vary greatly; together they typically account for 60 to 
t._ per cent of gross refining costs. Energy and 
supplies account for 24 and 14 per cen1 of the gross 
cost. respectively. The major contributor to the energy 
component is electricity. 

While the above data provide insight' into the 
structure of factor costs. an equally important con
sideration is the major changes that have taken place 
m the trend of overall cosh over the past decade ,\ 
variety of inllucnces. most of them be}ond thl" control 
of the indu\try. triggered the changes [2.11. Some of 

the influence~ ·.• .. ~e the foll<•\\ ini;: the ,1eep ri'e 111 

energy .;,1,c- re,ulting frl•m OPEC ,•ii pm:r.: mcrca'e' 
in l'rJ anJ 11rs: ti~hter pullut!l•n .;,1mr,1l ,tandarJ, 
anJ their stricter enfl•rcc::1cnt. c'pccially 111 dc\\:l,ip<:J 
.;,iuntrie,,; high intlatil•O :-ill,meJ hy high intcre,1 rate': 
and -;uhstantial and fr,·,1ucnt e\ch;'.nge ra!e \ariatil"l' 
bct\\Cen the d,1llar anJ other ma1•1r curn:ncie .... 

The dynamic interplay ,,f nternal mllucnce' and 
the \igl1fllUS effort, hy cc•pper pr1•dm:er' Ill en,ure 
their ll\\n suni'.al ha\t· led Ill the applicari••ll ,,f cll,t
cutting measures and cut-bacb llf cksure' ,1f unccll
nllmic uperatitins. In general. net ,1p::ra1mg c.isi,, fell 
frnm SO . .l9 per pound tor O..l5J6 kilogram I in 19..,5 to 
$0.47 per pound in 19XX. This reduction is be,t 
under,tood in terms of the cyclical beha\iour of the 
copper industry. whereby losses in perillds of fti\\ 
copper prices have teen offset by prlifits in periods of 
high copper prices [23]. The recent prolonged period 
of low prices. however. appear., to ha\e forced 
producers to think of o;uch prices as normal. Because 
copper is a homogeneous product. co-;t-Cl>mpetiti\ eness 
is the only way to survi\e. Because product prices are 
determined by market force~. a mere relati\e cost 
advantage m·er competitors in the copper industry 
doe~ not gua;antee that producers can co\er their 
production costs. Therefore. in addition to stri\ ing for 
cost-competiti\·eness. producers have been forced to 
reduce absolute cost levels. 

A finai factor in achievir.g co't reduction., is the 
greater emphasis placed on the efficiency of .. melting 
and refining operations 1[35). pp. i60-165 ). For inte
grated producers. mining and milling costs at many 
mines have appeared to reach a trough. With tillal 
production costs at many competing operations now 
only a few cents apart. small \ ariations in smelting 
and 1efining costs ha\e beclime increasingly important. 
For custom processors. the stimulu-; has been the low 
level of processing charges that they ha\e experienced 
for concentrates and blister copper in recent years. 
Given that treatment and refining charges on concen
trate. and refining charges on blister copper. rose 
sharply in I 9XX. producers anticipate a period of 
narrow margins. When that occurs. the .. unfral of 
some custom operations could be in doubt unless their 
operating costs are reduced. 

5. Proceuing in developing countries 

Although developing countries have consid,.rably 
increased their processing and refining of copper ores. 
there stiii exist gaps in capacity bci"i:c11 drc "'lume~ 
11f blister copper. refined metal and semi-manufacture~ 
currently produced and the \ olume~ that could be 
produced if all concentrates were domeqically pro
cessed. An attempt will now be made to estimate thme 
gap~. follo\\ing an approach t:a~ed on a recent Ol:CD 
~tudy [36 ]. 

Although developing countrie' accounted for 50.2 per 
cent of world copper ore capacity in !9XK. table l\'.95 
and figure IV. Ll show that they ach1c\ed only ·' 1.4 per 
cent of refined metal capacity. As a re,ult. de\ eloping 
cou:itries currentlv have the capac11y to refine onl~ 
74.5 per cent of the concentrate' thl"\ produce. lca1 mg 
a gap m refined metal con,11mpt1on that could 
pot.:nllally he filled hy the expan"11n of dome ... 11c 
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Cllile l 510 l ]04 l 2Qa 

llelico .ad Central Aler ica m 274 174 
l'trll 457 362 252 

Africa 1731 l ]64 l 074 
Sautll Africa 196 256 163 

Sa~ 7IO 525 250 
lltll>i~ 637 464 625 

llefelapinq oauatries of Asia 
11111 tbe Picific 1299 1 172 l OU 
I.SUI 

IDdoaesi;i 130 
llilaysi;i 
!'llilippines 241 na m 
ClliDi 240 ~5 47S 
Illd!i I~ ~l 44 

hpla "" QriJea 250 
ll!plblic of ~rea 
ud TaillilD Province m 175 

TOrll. 5 12'l 4 369 3 123 

lleTelopillJ CllUlltries as 
peroe11tiqe of wrld total 50.2 37.5 JU 

~: I. Brow ud 8. ideru, Aluainj111. Cooper i!!d steel in Detelopjng 
~(Paris, Orqa4i1ation for ~c Co-operation i!!d Developll!llt, 
1917). 
Ii lacludillq saltinq and refininq o! scrap. 
~! A sull6tanli$l part of l.ine production is prooessf'd bydrOEtallurqically. 

prnccs,ing. Two of the bigger de\eloping country 
producers already have largely integrate · prm:cssing 
capacities. Chile has I 5.5 per cent of world concen
trate capacity. I l.2 per cent of world smelter capacity 
and 9.9 per cent o1 refinery capai..ity. Za.rnbia h;:s 
6.2 per cent of concentrate capacity, 4 per cent of 
'>melter capacit\ and 5.1 per cent 11f world refinery 
capacity. 

Developing countries with the potential tn 111 der
takc further procc"ing of blister and refined copper 
arc li.,tcd in table IV.%. One soc:rcc (! .l5j. pp.1'10-
175). estimates that six or se\cn of these countries 
could contemplate 1n\cs1ment in some 1.2 mill1· n 
tonne' of n~·w smelting caraci1y and 1.6 mrl11,111 
tonnes of refining capacity. However. one complica
tion with gap analysi' in the ca" of copper is that the 
available c;1pa<.:lly data for refining. and to 'ome 
extent f.11 smelting. do not di,tingui:.h primary from 
'econdary ml·tal. Thus. to the extent that cxi'i; 
refining capacity " dedicated to 'crap refining. 
gap' arc under,latcd. Thi' hias applic' lll•l'th to 
more ind11,tr1ali1ed developing countrie,. 
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Figure IV.13. Copper mining. smelting 
and refining capacity. 1988 

Thousands of 
annucf tonnes 

6 0001 
I 
I 
I 

Key: 
•Wining 

Smelting 
Relining 

De11e 10µ.ng Coumr.e:; 1Pans Organization for Eco~om•c: Cu-0Jpera!1;.J!'l 

and De;elopment 199;, 

L..lle __ F~~· ~cik_. -~----1!!.U~ing .l>iSPW!X '2..~~tes t' 
prodli>.."e smelted and refined CQPP«. m~ 

Count.I!, reqion 
er econoaic 
c;roupinq 

Latin America 
Braiil 
Ollie 
Peru 

Africa 
lair~· 
:llbial>1 

Asia i!!d ooe.u:ia 
Olina 
India 
Indonesia 
ltalaysia 
Paoua llev Guine.i 
l'llilippines 

---------

-~dditjonai annual cap.1ci~~111_r1L _ 
S.eltinq fefmnc 

55 
276 
~ 

255 
173 

130 
JO 

250 
109 

!thousands of to'llleSI 

100 
% 

llO 

llO 
u 

llO 
30 

250 

~= R. Brow and B. Hern, Aliaini111 ... ~Jlml9Wa. 
~ (Paris, orqaniration for £.JoDOll.ic c.o-operatioa .ad Deve!Oj19'..nt, 
1917). 

i/ One tonne of copper conoentratc is assuiej per toane of saltea and 
l'l'lined copper. Gaps ar• undersb •. 1, e£Peeially for refininq, to tbe ertent 
tbat soee eiistinq capaci~y is COlaitUd to tbe prooessinq of scrap. 

bl l sull6Ulltial part of 1ininq output is processed bydroeetal"ll'Qicall y. 

Another complication is \\hc1hcr arprnpriate tech
nology could he depl<l\ed in de\cloping countnc' to 
cin'c the gaps. Th!S docs no! seem to he a prnhlcrn. 
hnwever. '>incc refining tcchnnl11g\ is rcaJ1h <l\ailahlc 
from :1 number of 'upplier'. and the ma1nr dC\el
opmenh o\'er !he ~cars ha\c 111\olvcd the ca,t1n!( 
'tage. Contirrnou' ca,!ing has been an important 
;p' •1·c. "' wa' the de\'eloprncnt of the Asarco shaft 

\!'::d for mel11ng C«'j)per prinr t<: ca~1.ni.:. 

..1g1es at the 'em1-rabricat1on 'ta)!e <Ill' ahn 
.... 11\ non-proprietary. with the important eM:cp-

1io11 of the ted11111loµ,ll'' tlnelopcd for the contin11011' 



casting of wire rod. These technologies can. however. 
apparently be used without a continuing r~uirement 
for assistance from the supplier or any other enter
prise. Continuous casting of wire md is employed on a 
limited basis in d'!veloping countries. and to date has 
been used only in importing de\eloping countries. 

Most developing CllUntries have some sma::-scale 
copper fabrication. All the bigger. more industrialized. 
developing countries have larger-scale units. especially 
for the fabrication of electrical wire and cables. 
OECD [36) has estim:ned that annual semi-fabrication 
on capacity in 1984 was approximately I.I million 
tonnes in developing countries of Asia. 750.000 tonnes 
in Latin America and 50.000 tonnes in Africa (ex
cluding South Africa). More than three quarters of the 
total capacity of dneloping countries would be for 
wire-making. most of it located m the more indus
trialized developing countries. 

Most developing-country production is for local 
consumption and exports of semi-manufactures and 
manufactures are very small. although statistics are 
incoraiplete and there are problems of definition. 
Moreover. most exports. especially if the copper 
content of finished manufactures are included. arc not 
made by traditional copper producers. but rather by 
NICs such as Brazil. India and Republic of Korea. 
which are also net copper importers. 

Because of the heterogeneity of products. processes 
and firms. it is very difficult to generalize about 
1:-'lu.;.:ssing .:osts beyond what was said in the pre\'ious 
section. However, it is somewhat easier to generalize 
about the comparative advantage of primary copper 
exporters. These countries tend to be at a significant 
competitive disad\·antage in relation to developed 
consuming countries in international freight and 
investment costs. A greater disadvantage concerns 
marketing costs and the need for close contact with 

co;mtry 1960 1965 mo 

lldill 0.66 0.47 
ftilipp~ 0.22 
Tllrby 0.20 0.26 0.)9 

lllfUblic Of 
lorea 0.12 0.21 

!nlil 0.49 0.41 0.6) 
lai<» 0.42 O.S4 O.S5 

all le 0.92 4.11 o.96 
soutll Africa o.&5 0.71 0.64 

fOrtllllll 1.)2 o.&l 0.71 

YllqDllAtia 2.13 2.07 1.17 
Uqlltiu 0.12 o.~ 0.24 ,,.. 1.27 1.11 1.25 

..... IJlited SUta 0.9) 0.91 0.96 -- 1.41 1.u 0.15 

1975 

0.25 
o.u 
0.40 

0.64 
0.16 
O.S2 

1.40 
0.11 
0.71 

2.01 
o.n 

1.00 
0.63 
0.11 

consumers. On the other hand. developing exporting 
countries generally have lower labour costs which. for 
some products in some locations. may outweigh the 
other competitive disad\ antages. Ta riff and non-tariff 
barril!rs arc: significant. Nevertheless. OECD [36} 
believes that considerable )?rowth in world trade in 
semi-fabricated and fabricated oroducts is possible. 

The extent to which developing countries will 
expand consumption sufficiently to absorb the poten
tial increases has been considered in a recent World 
Bank study [37). The basis for analysis is the material 
intensity-of-use. which reflects the number of tonnes 
of copper consumed per million constant dollars of 
GDP. Table IV.97 shows that although copper inten
sity-of-use has fluctuated in recent years in de\"eloping 
countries. an increase can be confirmed. particularly 
in Brazil. Republic of Korea and Turkey. Further 
analysis of the data also reveals that the net import 
share of copper semi-manufactures in domestic con
sumption has increased in India. Mexico, Republic of 
Korea and Turkey. While further information and 
analysis would be necessary to determine the need, 
economic efficiency. and comparative ad\antage of 
further copper processing in specific countries. the 
above-mentioned trends confirm a potential for further 
processing. 

Whether such processing can be justified in terms of 
increasing processed exports. and hence greater value 
added, depends more on market competitiveness in 
relation to existing developed-countrv producers. Three 
types of proble!T's appear to exist [29). The first type 
involves problems of an institutional nature. such as 
tariff structures and existing commercial relationships 
between producers and consumers. The second type 
includes problems associated with commercialization. 
For some products, such as wire rod. vertical inte
gration reduces trade prospects, while for others. the 

1910 1915 ~I Per capita 
Cll', 1910 
(dollanl 

o.o 0.55 3.51 240 
0.09 o.u 5.15 690 
o.59 1.12 6.02 I 470 

1.)5 2.37 64.10 I 520 
0.99 o.n 2.51 2 050 
0.6) 0.51 1.19 2 090 

1.56 o.96 5.17 2 150 
1.14 1.01'' 1.94 2 300 
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1.09 0.94 l.S7 9190 
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l!l!lrPC: I. WeW, stlt« liow1 JDtcmiw (llllbiaqtoa, o.c. , lelGuros for tlle 
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diffu.;e nature ,,f the market t f,ir e\;1111pk. the brgc 
number ,,f cnterpri~e,. u,.ing cnpper \I ire) ma~ make 
efforts h' penetrate them .:.,stl~. I he third type 
pertain,. h• P•'tential competiti\ene,, :n-.i-n1 pr,i
ducer,. in de\d,iped countries. hir e\i1mpk. becau,.e 
uf their greater distance fr,m1 markeb. e:\pMt-Miented 
plants in de\eloping countries may ha\e hi maintain a 
higher k\d of pipeline stocks to ensure a regular and 
uninterrupted supply of goods than \\ould a plant in 
the country of consumption. There is. in addition. a 
need hl establish and maintain ade4uate stocks of 
more S<'Phisticated products near important markets 
in order lo be able lo sen;ice consumers at any time 
with any type of processed product. Other areas in 
which export-oriented plants may be at a disad\antage 
include technical sen·icing and access to needed spare 
pans for machinery and equipment. 

6. Technology and industry dea·elopment 

Since the latter pan of the 1970s. the copper 
industry has experienced a relati\'ely long period of 
stagnation. some of it auributa.ble to a slow-down in 
the economic growth rates of the major economies. 
Howe\'er. some of the decline is also due to lagging 
technology and increased competition from engineer
ing materials in certain end-uses. An important 
problem is that copper producers ha\e \'iewed tech
nological innovati•.:in strictly in th<:> cnntt>Xt nf mining 
and beneficiation. The resultant inno\'ations ha~·e 

consisted mainly in adaptions of other types of 
technology to mining. and in this respect the pro
ducers have been reasonably successful. 

There are. however. a number of new technologies 
that can be applied at the smelting and refining stages 
not only to impro\'e efficiency but also to reduce 
harmful sulphur dioxide emissions. One recent study 
(rJ8]. pp. 1271-1273) has ranked new smelting tech
nologies and systems according to their potential 
importance. as follows: flash smelting: continuous 
smelting (Noranda/Mitsubishi/Outokumpu ); fugiti\'e 
control; solvent extraction (electrowinning); CLEAR 
process (hydrometallurgy); refractories (increased on
stream time. better maintenance and improvements in 
corrosion-erosion characteristics); CYMET process 
(hydrometallurgy): improved precious metals recovery; 
cogenera;ion of power from smelting; advanced by
product recover} system; and AMAX hlast furnace 
smel!ing. It should be noted also that there are two 
hydrometallurgical processes for sulphuride concen
trates. namely the Cuprex extraction process (CMEP). 
and GCM-Great Central Mines process. Roth arc 
chloride-based. CMEP is the only hydrometallurgical 
pror.ess shown to have consistently produced cathode
grade copper, though in granular form. 

Copper produced in nearly all smelting processes 
and in some hydrometallurgical processes contains 
impurities and by-products. The abo\'e-mentioned 
study [37) also ranked four of the most significant 
refining technologies a' follow': automation :>f tank 
house operations: periodic c•Jrrent reversal; fluid-bed 
electrode; and electrode-~•lurry process. 

Among other new processing technologies. some 
at!ention has been gi\'en to continuous processes. hut 
the late'! technologic' ha\'e had little commercial 
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applicati<m t<' d~lle t[.'5). pp.iNl-lfl5i. The WORCR.-\ 
rr<lCC,.,. dC\i,c:d h~ C<lllS<llidated Rill Tint·• ._,f .·\u,tralia 
ha' th•t prn\cd C••mmcr.:iall~ \lahk. anJ dc:\el,1pmcnt 
i' !Ill! cnntinumg .. -\!!::\\Cr SF'.'KI:'.\ pr,1.:c:~,. ha' bcc:n 
pwp,i,.c:J. <•perating at rates e.\Ceeding 2.1100 t<•nnc' 
p~r tlay p<"r rt•;1,kt1lr. Th!~ pn .. ~t:t:~~ !~ ~:!!d !0 b~ ~.:!p~b!::

'-'f smelting much C<>arser fc:ed tlian !lash ,.melting. 
T\\O ,ither processes. KIVCET and the TBRC ha\'e 
\·alue for special feedstocks ,rnly. Klo'-·kner-Humboldt
Deutz de\'eloped its CO~TOP process. The process 
employs an oxygen-fed high-temperature cyclone reac
tor that produces a high-grade matte. \\ hich is then 
top-b(o\\ n to remm·e slag. fo!lo\\ed by continuous 
Cl)ll\ erting and refining in a separate stationary tow
blo\\ n furnace. to produce anode-grade metal. Thl" 
process is now also seen as an efficient \\ay of raising 
capacity and rrducing operating cost~ at '!xisting 
smelters. CO!'\TOP cyclones art:' no" opera tint? success
fully at Padabora (South Africa) and Chuquicamata 
(Chile). and Asarco plans to rebuild its El Paso 
smelter using this technology. The Q-S process devel
oped by Queneau and Schuhmann is still under 
de\'elopment. It feeds dry concentrate~ to a rotary 
sloping kiln. and combustion is progressi\'ely con
trolled by the admission of oxygen and coal. 

Power metallurgy has emerged as a source of new and 
\·iable copper manufacturing processes with ad\·antages 
O\'er com-entional ingot met1llurgy practice. A new 
process de\'eloped by Gorham International was 
expected to produce iuiiy dense powder-metaiiurgy 
parts at lower cost than either sintering or sintering 
combined with hot isostatic pressing. Ad\·amages 
claimed for the pressure-assisted sintering process are 
equipment costs that were considerably lower than 
those incurred with other processes. shorter cycle 
times than other processes. a \'ery narrow density 
scatter band. and better dimensional control than with 
con\'entional sintering. 

Technological inno\'ations are also important for 
the further expansion of copper in a variety of 
industry sectors and end-uses. Prospects for change in 
copper applications ha\'e recently been anal~sed by 
the International Copper Research Association (39], 
which has suggested that applications of new tech
nology could lead to new market opportunities for 
copper in heat pumps, solar power. desalination 
facilities and electric vehicles. Solar power is a 
promising area. with passive systems the main area for 
growth during the next 20 years. The use of copper 
solar radiator systems in the United State-; consumes 
more than 10.000 tonnes annually and is growing 
sh>wly. Since large-scale solar electric generation 
plants are not considered economically \'iable. heat 
pumps are being L!sed more extensi\'ely in heating and 
cooling buildings. In a few years o\'er one third of new 
homes are expected to be equipped with heat pump 
facilities. and the total market in the IJnited States will 
exceed I million units. 

Desalination and <Jther marine applications account 
for about 100.000 tonnes of copper alloys per year. 
The largesr application-; conti 11 : to he ship propellers 
and condenser tubes for heat exchangers in coa~tal 
powcr-~encrating plant,. Dc\alin;1t1on plants remain 2 

long-term opportunity for copper. Copper usage 1s 



also expected to increase: in C<lpper all•l'.- lll<lling. in 
fabrication ,)f aer,lspa'"-e and aut<lmtlbile ad\'an'"-ed 
composite structure-.. in r•l\\Cr handling systems. in 
dectronicall~· Cllntr<llled de\ices used in autnmatcd 
machinery. in supplying pll\\er for lasers and in 
superconducting devices. 

7. E11,·ironm~11ral as~cts of copp~r proussing 

Cop~r processing can have significant ad\·erse 
impacts on air quality. surface- and ground-water 
quality and surrounding soil. Concerning air quality. 
unco.>ntrolled copper-smelting processes im·olve the 
emission of large quantities of particulate matter. 
trace elements and sulphur oxides. all having adverse 
effects on human health. Sulphur dioxide (SO:). and 
the sulphates and sulphuric acid ae:-osols it forms in 
the atmosphere. can be hmg irritants and aggrarnte 
asthma. Estimates of the magnitude of health rish 
and the influence of SO: and secondary pol!utants 
from all emission source!' range from 0 to 50.000 
premature deaths per year in the United States and 
Canada [34]. Sulphur dioxide emissions from smelters 
also have been linked to \·isibility degradation and 
acid deposition. 

Fugitive emis!>ions from furnaces and converters 
can cause health problems in the work place and 
resu1t in ele\·ated levels of toxic pollutants such as lead 
arad arsenic in the immediate vicinity of the smelter. 
Generally. employees are exposed to the highest 
concentrations of toxic elements because they work in 
enclosed areas. However, comamination of the soil 
surrounding a smelter is also of concern. Fortunately, 
toxic metals are present only in very small concentra
tions in most copper ores. 

To control copper smelter pollution. the problem 
must be considered at all pyrometallurgical processing 
stages [34]. Most control methods involve collecting 
the gases and converting the SO: to some other 
product. The characteristics of the gases dictate the 
type of control technology. which in turn determines 
the kind of by-products produced. For example, 
pollution-abating acid plants require a relatively high 
(at least 4 per cent) SO, concentration in the off-gas 
for economical operation and compliance with pollu
tion limitations. Roasters. flash furnaces. electric 
furnaces continuous smelting ~urnaces and converters 
all produce gases that can be treated in an acid plant. 
Weak gases. such as those from reverberatory furnaces 
and fugitive emissions, must be treated by different 
means. 

Acid plants have proven lo be popular in the United 
Stales. The technology is well proven and is the least 
expensive method of smelter SO: control. Sulphuric 
acid is used in solution mining, and is the most 
common form in which other industries consume 
sulphur; thus it can be a saleable by-product rather 
than a waste product. However. markets for non
leaching applications of sulphuric acid generally arc a 
considerable distance from the smelters in the United 
States. and the resulting transport costs can turn the 
bv-product credit into a deficit. Moreover. it is often 
cheaper for inclmtrial C(ln,umers to huy sulphur and 
produce the 'ulphuric acid thcmsehr.' than to purcha'e 
acid produced elsewhere. 

In snme C1lUntries. such as Japan. a very high k\d 
tlf SO: i.:,mtr.ll '" achic\·ed by C•lpper smelter:-. a~ part 
1lf a g1nernment p,llicy hl prl)\ ide sulphuri\." a\·id for 
indu'.'>trial Jc lupment. In dneloping region:-.. '.'>U<.:h as 
the i.:opper-producing countri~ of Africa and Latin 
:\menca. there are iew mdustnal markets for ai.:id. 
and SO: control is minimal. 

The imposition of em·ironmental regulations on 
copper proc,.ssing can aff:ct the nature of the produc
tion technology employed. and thus the efficiency or 
profitability of a plant [34). In the United States. for 
example. limitations on SO: emissions hne resulted in 
the replacelT'cnt of re\·erberato~· smelting furnaces 
with flash or continuous furnaces that can employ 
acid plant technology. While SO: control requires 
large capital im·estment. the technologies employed 
improve efficiency in copper recover~. Similarly. 
although installing liners and other controls to pre\·ent 
copper leaching solutions from contaminating ground 
water adds to the cost of solution mining. these 
controls also mean greater recovery of the copper
laden solution. 

Given these trade-offs. and the fact that each 
copper operation is unique. it is extreme!~ difficult to 
estimate the cost of environmental regulation. Industry 
sources in the United States have estimated that the 
additional cost to domestic copper producers of full 
compliance with the Clean Air Act ma\· eventual!\· 
amount lo $0.15 per pound (0.4536 kilogram l ~f 
copper. Some ~overnment analysts suggest that. while 
the costs of full compliance at rnerberatory smelters 
may well be over $0.12 p.!r pound because of 
operating characteristics that make SO: capture diffi
cult, the cost at newer smelters mav be as low as 
$0.03 per pound. with an average for ~ll United States 
operations of $0.09 per pound [34]. 

The significance of this co:;t for industry competi
tiveness depends on the cost of the domestic and 
international operations to which it is compared. In 
the early 1980s, when the average net domestic 
production cost was $0. 92 per pound, the average cost 
of air quality control was IO per cent of the total cost. 
Today, the average net production cost has dropped 
to around $0.47 per pound. making air quality control 
ab0ut 19 per cent of the cost. Because detailed data on 
environmental controls at foreign smelters are not 
avai1abl.:, it dc::s noL suffice simply to subtract 
$0.09 per pound from the United States cost (or add it 
to foreign costs) in order to compare international 
differences in pollution control costs [34). 

El..cept in Japan. smelter emissions are controlled. if 
at all. only to the extent that sulphuric acid is needed 
at an associated leaching project. Copper smelters in 
other countries capture up to 35 per cent of the input 
sulphur, on average only about 20 per cent of the 
present level of control in the United States. Japane'e 
smelters achieve 95 per cent control as part of a 
government policy to subsidize sulphuric acid produc
tion. Information on the costs of acid production in 
other countries is not availahle. One comparison (40) 
made between Canada. Chile. Peru and the lJnited 
States on the basis of incomplete information about 
their level of control, suggested that a halancing of 
environmental standards \\nu Id make the I lnitcJ 
States more competitive with Canada and Chile. hut 
not with Peru. 
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8. Short- anti m~tli111n-urm o"tlook 

The wnrld cnpper industr~ is current!~ reco\·ering 
fwm a malaise which began in !he late 1970s_ The 
causes of the downturn can be seen both in the 
creation llf substantial o\·er-..:apac1ty in that penod. 
and in the secular decline of world demand. These 
problems became more aggreva1ed during the 19X2-
1984 recession. Special problems exist for developing 
countries. not only because of the continuing debt 
crisis. but aiso because of related difficulties of 
obtaining foreign exchange for plar.1 maintenance and 
modernization. During the past two years. howe\·er. 
the industry has experienced an upturn. The period of 
rationalization has led w increased profits. and the 
improved conditions are expected to continue. 

(al Consumption 

After a sharp decline in the early 1980s. the 
consumption of refined copper by developed countries 
has recently increased. This change. together with 
production gaps that largely triggered the copper price 
boom of 1987-1989. was unexpected. Although long
term implications should not be drawn from a two
year upturn. it nevertheless calls for a reassessment of 
the post-1973 trend towards sharply declining intensity 
of output of metals. Some of the causes of the recent 
increases in copper consumption are only beginning to 
be understood [ 41 ]. The most fundamental of these 
causes. the increased production of metal-intensive 
capital goods. may point to a future for copper 
consumption that is not altogether as bleak as 
previously expected. at least for the medium term. 

Most of the major copper-consuming countries 
participated in the 19H5-1988 demand increases. which 
applied to almost all lines of copper production. The 
net increa~e in consumption between 1985 and 198H 
was about equally divided oetween developed and 
devp'oping countries. The centrally planned economies 
had virtuallv no change. Growth was particularly 
strong in Brazil. Canada. Chile. China. France. 
Federal Republic of Germar.y. Italy. Japan. Republic 
of Korea. Mexico and Taiwan Province. 

The most unusual aspect of the 19H5-198X increase 
in consumption has been that growth in the de\'eloped 
countries. measured in terms of GDP. continues to be 
only moderate. Their copper consumption increased 
almost at the same rate as that of GDP from 19H5 to 
19!!8. e\'en when the GDP growth rate was slightly 
below average. Jn de.·eloping countries. copper con
sumption grew at a slightly lower growth rate between 
1985 and 1988. This beha\'iour represents a significani 
departure from past relationships. The main reason 
appears to be that the copper-inten~i\'e industrial and 
capital good:; branches have done hr.tter than the rest 
of the economy in the United Star.:~. Japan. Italy, and 
several other de\'eloped countrirs. 

There are also indications th<1t technology and 
tastes may now be working in faHrnr of copper. with 
expansion anticipated for data c.ommunications and 
cable television. Another factor is the partial restora
tion of the position of copper as againsl aluminium in 
the building wire marker. Still anolher is the pcnetra· 
tion of copper inro the market for lllbing in competi
tion with steel and aluminium. On the other hand. the 
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replacement of copper by materials such as plastics. 
cer.1mics and optical fibres is likely to continue. 

Over the shl>rt tl> medium term. the demand for 
copper is large!~ Cllntingent on e-.:onomic acti\it;. in 
the de\elopc:d and de\·eloping markc:t eclmomies. It is 
too earh \et to learn what the impact might be on 
world Cl;pper Cllllsumptinn of the changes in Eastern 
Europe. In balancing the abo\·e factors. major con
sumption forecasb dl> not suggest a growth rate 
during the next IO years abln-e the approximately 
:! rer cent pe'.'" year of the 1970-19!\4 period. Gi\en the 
range of judgemental factors in projecting copper 
demand and of forecasts based on econometric models. 
it is not easy to prO\·ide a precise estimate of the 
consumption growth rate in dneloped countries. A 
consensus figure often cited in forecasts of future 
capacity and prices mer the next 10 years is approxi
mately 1.7 per cent [ 41 ). 

(b) Production 

The 19!\0s witnessed surprising changes in the 
structure and economics of copper production. The 
changes may be grouped under the following four 
headings: the closure or modernization of inefficient 
units: the emerging importance of soh·ent extraction 
and the electrowinning process: exchange rate adjust
ments by major copper-exporting countries: and con
solidation of ownership through mergers and acquisi
tions. Stimulated largely by low prices during this 
iXriod. the changes c\·cntualiy resulted in i:U5i sa~·ings 
to different degrees for different producers in the 
countries concerned. thus altering their competitive 
position in the world market. As noted in the 
discussion of operating costs in section 4 abo\e. the 
changes have greatly modified the operation~ and 
structure of the copper industry. 

The high cap<scity-utilization rates of 1988 and I 989 
suggest that the modifications have reduced much of 
the excess capacity. particularly the high-cost and 
inefficient capacity. The previous analysis of currently 
planned smelting and refining projects suggests a 
relatively slow rate of capacity expansion. Up to 1995. 
increases are not like!·.- to total more than 10 million 
tonnes of capacity at ;11 stages. an expansion probabiy 
resulting fr;:m the implementation and start-up of the 
planned large-scale projects. Investment in new mines 
and expansion of existing ones have been taking place 
at a substantially reduced pace. Thi~ will affect 
capacity availability in the 1990s. The criteria for new 
investment have become much more stringent than in 
the 1970s. The fact that the industry refused to 
reactivate idled capacity during the price boom of 
1987-1988 renccts its cautious outlook for the future. 

Capaciues beyond 1995 will be determined by 
in\'estmenl decisions yet to be made. Although there is 
no lack of potential areas that could be developed. the 
decision to do so may be constrained hy the slow 
market conditions expected to prevail through the 
early 1990s. These capacity considerations suggest that 
over the next 10 years the annual growth rate in 

refined copper production will not exceed 1.5 per cent. 

(c) .\.farkl'f cqui/1hrium and pricn 

Fulllre prospects for copper prices and industry 
expansion depend on the relative growth rates of 



copper Ct>nsumpti••n and pr.1ducti•111. e-.timatcd at 
I. 7 per cent and I.ti per cent. rcspccti\dy. On the 
subject of projected market c4uilibrium. the World 
Bank [421 anticipate-. that capacity c\pan-.i.in-. arc 
likely to be significant!\ -.ltmcr in the second half ,,f 
the 1990-.. so that marl..ci.. might return h• a more 
balanced -.upply and demand condition by .:!IKlO. 
Concerning gct•graphic shift... in capacity. Chile ha-. 
ntll tinly become the largest producer in the wnrld 
(cxduding the t:SSR ). but is projected h> account for 
the bulk of the increase in world capacity t•\·er the 
next decade. The n:lati\e dcd!nc of production in 
Zaire and Zambia. both of whose production is 
entirely State-owned. and the projected r.ew ti.ireign 
pri,·atc investment in copper mining capacity in 
Australia. Chile and Papua New Guinea signal the rc
t>mergence of transnational corporations in the world 
copper industry. The bulk of the copper output of 
Peru is currently produced by such corporations. and 
if that country is to develop its rich resources in line 
with the growth in world demand. it must also depend 
heavily on new foreign direct imestment. 

Gi,·en the expected growth rates in refined copp-:r 
consumption :md production. world capacit~ and 
demand should remain more or less in balance by the 
mid-1990s. Prices may need to increase substantially. 
and one source suggests a level of more than S 1 per 
pound (in constant 1985 dollars) in order to pnwide 
the necessary incentive to replace depleted mines and 
to build sufficient capacity to meet future growth in 
world consumption. Since 1987. prices have exceeded 
this level. but the present market balance suggests that 
even higher prices may be needed before production 
begins to expand. 

F. lronmaking (ISiC ]71010)* 

Iron plays a pivotal role in steclmaking. It is the 
primarv raw material for the steelmaker and will 
continue to be ~o. Yet the supply of iron is a major 

•I ':-.011>0 a..:kncJ\•k-di("' th" .:e1ntr1h11t1c1n m.uk h\ R Cceupcr. 
Llhtnr . .'\f,·1·/ -,1mc\ /n11·rntJt11111tJI 

long-term problem for steelmakers. The production of 
iron ore is a process !hat has been kno\\n, in essence. 
for centuries. and which has reached a state of 
con-.idcrable sophi-.tication. The modern bla-.t furnace. 
which is the primary ironmaking hitil. is both a highl! 
de\elopcd and a highly efficient Item ol e4utpment. It 
is also massin:ly expensive. it depends on other highly 
capital-intensi\e support e4uipment. and it work.. best 
o•\ a ,·er~· large scale. This causes problems for 
steclmakers. who cannol forec. t preciscl! the future 
demand pattern for steel. but ha,·c to commit long
term !inance to ir.>nmaking. 

The following review of ironmaking will examine 
this pr.iblem a-. it affects both developed and dnel-
11ping countries. To place the problem in context. 
recent trends in production and capacity utili1ation 
arc examined. Most of the re\iew. howner. is 
concerned with basic technologies of ironmaking. 
Examples will be gi .-en of how iron making pr.iblems 
have been tackled in different locations. of what 
geographic sources of raw materials are available. and 
of variations in iron and steel demands. Attention \\ill 
also be given to dnelopments in blast-furnace tech
nology and cokemaking. to energy and en\ironmental 
considerations and to alternati\e type~ of iron units 
and smelting reduction imol\ing new ironmaking 
technologies that may offer long-term solutions to 
ironmaking problems. 

I. Recent trend., and current condition.~ 

(a) Iron and .Hct'i production 

Growth in the production of pig-iron and steel ha~ 
been sluggish in recent years. The data on world pig
iron production contained in table IV.9X shows that 
very little change in output occurred in 19X7-19X8 
among the countries featured in figure IV.14. The 
USSR i~ clearly the largest producing country. with 
Japan a close second. Next come China. United States 
and Federal Republic of Germany. As shown in table 
IV.99. the same countries dominate \\orld steel pro
duction. with the United States closer to Japan in 
terms of 4uantity of output. 

tiRlc I.Y.21, llm Rig·im-er2!111tin9 ~1111t1ia. m1-1m 

Llnlt Reqion, country, Producti1111 ....l'llitnta.Jbi.tL PuCUUgc dliogL_ 
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J•pan 7).4 79.l I0.2 14.6 14 ·' 20.9 9.2 I.I 
OliM 54.1 54.-1 S7.0il 11.2 10.7 14.9 1.6 0.2 
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Figure IY.14. Majr pig-iron-producing countries, 1989 

World lotol: 476.• rnilion ~es 

•O 

JO j 
lO 

IO 

0 j 

Source International Iron and SteP.I Institute Wesr"rn World Coke 
making Capacity (Brussels. 19891 

(bl Major .Hcelmakinf: companieJ 

Steelmaking is dominated by 14 large companies. 
with all other companies shown in table IV. IO(J 
generating only a fraction of the output of the largest. 
These 14 cor,1panies each have an output close to or 
greater than IO million tonnes of siecl per annum. The 
share of the most imp11r!ant companies is featured 111 

figure IV.15. The top four produce more than 15 mil 
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Figure IY.15. World's leading steelmaking companies, 
1989 

Mtllionl .,_. 
To141 •orld produCllOf\: J lt. I m.leoft lonnn 

Source International Iron and S'eel Institute World Sredl 1n Figures 

(Brussels 19891 

lion tonnes per year. At the top. Nippon Steel 
produced 28.4 million tonnes in 1989 and l!sinor 
produced 22.9 million tonnes. 

(c) /'1,1dunion <"apaurr and 111i/1:a110n rate.~ 

Production i:apaciry figure~ arc giHn in tahlc I\.'. IOI 
for '1eelmaking-grade dirc:l'Hcduced irnr in the major 
producing CPUntrie\. Vene111ela and ~exiw appear to 
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~: lnternationll Iron ud Sttel Institute, press release, 11 Janlllr'f 1990. 

have th.: greate~t capacity. but their capacity utiliza
tion rates are low. Indonesia has the ne"t highest 
capacity, with also a low utilization rate. The lowest 
rate for any country appears for the Islamic Republic 
of Iran. When e"amining the capacity and prc,duction 
totals for the vari11us countries, capacity utilization 
can be a\iributed not only to economic and tech
nological but also to political factors. 
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l. frclinological tr~nds 

The input-output relationship between ironmaking 
and steelmaking should be explained before describing 
the major technologies. The steelmaking process 
.:on:.i"ts litcra::y uf th.: pr0ccss by which pig-iron or 
scrap is refined and the correct ;.: Jying cunstitucnts 
added to achie\·e liquid steel. This steel is then cast into a 
solid form for rolling and processing. But in general 
parlance. steelmaking encompasses the entire process 
from iron ore to the rolled product. The whole process 
invokes the following steps: ironmaking: hot-metal 
pretreatment: primary steelmaking: ladle (secondary) 
steelmaking; casting: and rolling. There is. however. 
another main route to steel. from scrap. through the 
electric arc furnace. to castmg and rolling. The other 
routes. whi.:h are of such limited importance as to 
warrant little attention. will be mentioned where 
appropriate. 

The second route. as can be seen. does not depend 
on iron (hot metal) as a raw material. Known as the 
electric-ar;-furnace route. it accounts for just over 
30 per cent of the total steel made in developed 
market economies. and about the same in the steel
making de\'eloping countries and areas. It is used by 
Arzentina. Brazil. Chile. Me"ico, Venezuela. India. 
Republic of Korea and Taiwan Province. It also 
accounts for approximately the same le\'el of steel 
output in the countries of Eastern Europe and the 
USSR. The other 70 per cent of steel produced in 
de\'eloped market economies is made through a 
process known generically as the o"ygen converter 
process. many rnriations of which exist. This process 
takes molten pig-iron (hot metal) and scrap as its 
charge materials. and can consume up to 30 per cent 
of its charge weight in the form of scrap without 
having to resort to additional fuel. The oxygen 
converter itself requires no fuel since it relies on the 
carbon in the hot metal to react with blown o"ygen in 
an e"othermic reaction to pro\'ide energy. However, if 
scrap levels abo\'e 30 per ceilt are used. there is usually 
insufficient carbon to enable temperatures to be 
maintained during steelmaking. 

There is another process which has \'anished almost 
completely in developed market economies and has 
never been substantially employed in the developing 
countries, but which still contributes to O\'< ill steel
making in Eastern Europe and China. This is known 
as the open-hearth process. in which virtually any 
form of iron input can be consumed, be it hot :netal. 
pig-iror, scrap or any combination thereof. Today 
most countries want to abandon this obsolete and 
energy-inefficient method of making steel. 

In terms of input-output ratios. it is a reasonable 
estimate that for every 100 tonnes of steel made in the 
world, 46 tonnes are derived from scrap. either 
through the electric arc furnace, o"ygen converter or 
open hearth furnace, and 52 tonnes are deri\'ed from 
hot metal (liquid iron). The odd 2 per cent is supplied 
hy a product called direct-reduced iron which, although 
it holds a very small share of the total iron market. is 
an interesting and increasingly important material. It 
will be discussed in detail later, especially since it~ 
production 1s concentrated in certain developing 
countries. ' 



(ai Biu:i.t:furnun: Jcp.·11,knc.· on .-ok;· 

In terms of production technology. the biggest 
problem facing steelmakers is linding a ready supply 
of iron. e\·en though the blast furnace has been 
de\'elopcd to a peak of operating efficiency to produce 
iron from iron ore and coke as the mam charge 
materials. But half the problem of the blast furnace 
lies with its demand for coke. a product that is made 
from metallurgical-quality coal in coke o\'ens. The 
ironmaker is continually trying to reduce dependence 
on coke and has had considerable success in this 
directi•m. although ultimately there must always be a 
certain consumption of coke in the con\'entional blast 
furnace. This is due to the triple function that coke 
performs in the blast furnace. ser\'ing as c1 fuel for 
heating. a reducing agent for con\'erting iron ore to 
iron (albeit through the intermediary of carbon 
monl~xide) and a mechanical support for the stack of 
burden material in the furnace. The latter must 
maintain adequate permeability for the reaction gases. 
while controlling the descent of the burden. 

Coke O\'ens ha\·e an operating life of atound 30 years. 
and a recent sur\'ey by the International Iron and 
::iteel Institute found that "of the coke ovens operating 
in the United States at present. 55 per cent are more 
than 25 years old. MoreJver. with an overali a\'erage 
oven age of o\'er 22 years. further large-scale closures 
of cokeries m the United States are foreseeable" [43]. 
At the end of 1988. when the survey was made. the 
age profile of coke ovens in the EEC showed that 
65 per cent of all ovens were more than half-way 
through their expected life. and that the average age of 
ovens had increased dramatically since the pr-:vious 
survey in 1984. Developed countries are at a dis
advantage in that there is a tendency for their plant to 
be older than that of newly developing steelmaking 
countries. They are facing a real problem over what to 
do to ensure a coke supply for the next two or three 
decades of ironmaking. and indeed further into the 
future. 

A whole new ironmaking strategy may be required. 
but it unfortunately does not yet exist. Established 
ironmakers are working not only on completely new 
technologies for the long-term production of iron. but 
on shorter-term methods of extending coke-oven life 
and reducing coke consumption in the blast furnace. 
Both of these latter developments are merely putting 
off the day when existing cokemaking facilities can no 
longer be satisfactorily maintained. and long-term 
investment capital will need to be spent on new coke
O\'en batteries. 

However. new batteries are being built in certain 
locations. and major modification work is being done 
on existing batteries. driven not only by a need to 
supply coke to the furnaces. but also by increasingly 
3tfict legislation on environmental control. For not 
only is the coke oven a necessary evil, it has also been 
a dirty and environmentally unacceptable piece of 
equipment. New technologies have greatly improved 
1he environmenlal acceptability of coke ovens. and 
rnuch is being done in Europe and in the United States 
10 reduce coke-oven t"missions in order 10 bring 
ex isling coke ovens up to the standard of new ones. 

Given the apparent undesirabili1y of both bias! 
furnaces and coke ovens. it is perhaps surprising !hat 
1he la1est inlegrated iron and steel plant• in t!1e 'world, 

' 

the Kw:mgyang '''t'!"ks ..:•f P•.>"'Co in the Republic of 
Korea and the Baoshan Works in China. ha\·e opted 
for this con\'entional technology. But the basic pro
blem is that steelmaking engineers ha\·e not yet 
managed to come up with an~·thing better. 

( b) lmprol'irig blast:furnan• perform1111a 

The past 10 years ha\·e seen dramatic impw\'ements 
in blast-furnace performance in terms of coke con
sumption. total energy consumption. produclivity and 
useful life. These efforts haw been driven by high 
energy costs and an uncertain steel market which 
reflects din.•ctly on to the iron suppliers. The steel 
industry during the past 10 years has also undergone 
extensi\'e rationalization in manufacturing facilities 
involving the removal of large amounts of aging 
capacity. Tht: blast furnaces left operating are thus 
newer and larger in capacity. 

The operation of a furnace reflects the basic 
principle of economies of scale: that is. the larger it is. 
the better it works. Large blast furnaces currently 
have internal working volumes in the order of 4.000 
cubic metres. and a daily output of 10.000 tonnes of 
hot metal. Howe\'er. those ironmakers who do not 
have the advantage of large new furnaces have still 
been able to impro\·e their furnace producti\·ity and 
efficiency by implementing many modifications. The 
following are examples of tyi>ical modifications: 

(a) lmprm·ed control oi·er burden preparation to 
ensure a consistent quality of iron nre and coke. A 
blast furnace that is run consistently is one that can be 
accurately controlled and can reach high productivity 
by virtue of running smoothly. Iron quality also 
depends on smooth running of the furnace; 

(b) /mprm·ed process control. This requires the 
use of internal probes, gas analysis and computeriza
tion, including the use of artificial intelligence in the 
most up-to-date systems; 

(c) Bet1.-1 iJurnc;: distribution. This means the 
adoption of bell-less tops which can be made lo place 
the burden where it is needed to ensure even gas 
permeability and s1eady burden descent: 

(d) Injection of pufrcrized or granulated coal through 
the tuyeres to reduce coke consu,nption by replacing it 
partially ll"ith less expensin: non-coking coals. Levels 
of injection of 150 kilograms per tonne of hot metal 
hav1: regularly been achieved in Europe, replacing 
coke on a kilogram for kilogram basis. The United 
States is now adopting this technology as it has 
become proven. With the injection of additional 
oxygen it is possible to push injected coal rares up to a 
limit which has not yet been determined, but it is 
thought that it may be possible to replace at least 
50 per cent of coke with coal; 

(e) Beller energy recovery from tnp gas and from 
using the high top preHures employed in modern 
f urnares to drfre turbino. The blast furnace and coke 
ovens together are an integral part of !he energy cycle 
of an integrated plant, providing both electricity and 
fuel ~ases for olher parts of !he plant. Indeed. some 
plants have become suppliers of energy to the marker 
at times when !hey have 'excess energy. Currently. !he 
original source of !his en'ergy i~ largely lied up in coal 
which is C'lnveried 10 'coke, making it inherenlly 
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Jiffo:ult 1,1 finJ alternati\ e-. h• the hl.1 .. 1-furna-:c and 
~·,1le-,n en r,1ute. -m.:t: the: c:nergy h;.ilan.:e ".>ulJ he 
greatly alterc:J: 

ffi l..•nga L·tlmpurgn lirn ud11.·1·,·d th!'ouglr rh,· 11.,,· 
uf impron·d '•'.fracron and cooling ~nr.·111•. Since: the: 
can1p..aigr. fif~ Gf a pr~\·:'"1us-g~n~iati,•n h~as: fu&nJ.~..: 
might ha\e been up to eight or 10 yc:ars. there \\a .. 
considerable time in which refractory and cooling 
technology could be aJ\anceJ. The techni4ues used 
toda~ will enable campaign hes of up to 15 years to 
be achie\ed. since not onl~ are better systems built 
into the furnace at reline times. but it has become 
possible tu make ongoing repairs to the inside lining 
without ha\ing to stop production for long periods. 
This is a result both of automated gunning systems 
that can work inside the furnace. and of the dnel
opment of rapid blow-down and start-up operating 
procedures that would not have been possible with 
early refractory systems; 

{g) Alrernarfre forms of heat energy ha1·e been used 
in bla.Hfurnaces as they ha1·e become t•conomic. Prior 
to coal injection. both oil and gas injection were used 
in diffrrent locations. Both of these metho<'~ are 
currently economically fashionable. Recent work with 
plasma torches. particularly in France. where nuclear 
power provides some of the cheapest electricity in 
Europe. has yielded promising results. but is obviously 
not applicable in many locations. It is also worth 
mentioning the use of charcoal in blast furnaces in 
Brazil. where charcoal has been readily available as a 
coke substitute and its application in blast furnaces 
has reached a sophisticated le,·d. Howe\·er. environ
mental restrictions are likely to stop further growth of 
this technology. 

These modifications have contributed to the follow
ing prnductivity improvements over the past decade: 
an increase from 1.4 to 2.2 tonnes per day of output of 
hot metal per cubic metre of furnace; fuel rate 
reductions from 550 to 490 kilograms per tonne of hot 
metal; and improved quality ihrough reducing the 
silicon content of hot metal from I to 0.6 per cent. 
The;e are only recent improvements. The blast furnace 
has been the primary ironmaking tool fnr centuries 
and is a finely tuned production unit. Where a dcllen 
furnaces used to supply iron to the steelshop. the 
modern steelmaker will rely on one blast furnace to 
provide a guaranteed annual supply of more than 
3 tonnes of hot metal. That single furnace in many 
ca~es is the only source of hot metal, and the sterlshop 
has often to look elsewhere for its iron supply. It is 
also likely to have stockpiled material to meet its 
\lrders until the blast furnace can he relined and 
brought up to date. a job that can take around four 
months for a complete rebuild on a large furnace. In 
de\ eloped market economies this scenario is no longer 
rare. 

(c) TakrnK the h/a.H-furnacc option 

IJnlc's 'pecific reasom relating to n<1tural resources 
make it ncces,ary to do otherwise, the blast furnace 
will still he chosen as the best way to produce iron for 
steelmakrng. This can be exemplified by the case of 
Pohong Iron and Steel Company in the Republic of 
Korea. In 19X<) the company became the fourth large't 
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-.red pr.•dm:er in the \\l1rld \\ith an <'Utput nf l~.~ mil
(j,,n h'nnt-s. \\hik the Repuhli..: ,,f K.•rca be.:amc the 
-.i\th largest pi~-ir•.>n pwduccr ·.\ ilh 1-Ui nu:ti,,n 
1,,nnes. This ir.•n pwdu.:ti.H: i .. .:ntirdy Jue h• P,1h1H1g 
Ir.in and Steel. and Jem1m,trates the dep.:nJo:nce ,if 
'."[C's •lll pig-irnn as a ra\\ material for steel. ;-.;,;: 
surp:-isingl~. a relati\dy new industrial eclmtim~ is 
shl1rt of the recycling scrap that is a\·ailahle in mature 
economies. The Cl1mpany is currently entering the 
fourth expansion ,1f its new Kwangyang Works in the 
south of the country. \\ith one third of its blast 
furnaces producing :!.8-million-tonnes-per-year due 
for commissioning at the end llf 1990. and the 
building .:>fa fourth furnace of similar si1e scheduled 
for blowing-in at the end of 199:!. Total steel output 
from the W<lrks will then reach 11 A million tonnes per 
year. For this [e,·el of output there is nothing that will 
compare with the modern blast furnace for iron produc
tion. Classic economic arguments about raw material 
availability being a natural industrial ad\·antage have 
bee11 disproved in the past by Japan. which is the 
second largest steelmaking country in the world after 
the L'SSR. and they continue to be dispro,·ed by the 
Republic of Korea. which has to import all of its iron 
ore and coking coal. and yet still remains one of the 
lowest-cost steel producers in the world. 

By coming late to a mature industry the Republic of 
Korea has the advantages of a well-tried and highly 
developed technology that can be installed in a state
of-the-art form by experienced developed-country 
ccntractors who compete to ensure that the customer 
is offered competitive prices on contracts. while 
chasing the few orders that are a\·ailable throughout 
the world. 

The only other major new blast-furnace building 
project in the world is currently in progress at the new 
integrated works of Baoshan. near Shanghai in China. 
This massive project was started in the early 1980s 
with technology and plant supplied by Austria. 
Belgium. France. Federal Republic of Germany. 
Japan. United Kingdom and United States. The first 
blast furnace was supplied by !'iippon Steel of Japan. 
and the second one of the same internal rnlume of 
4,063 cubic metres is being built largely by Chinese 
contractors. It is scheduled for completi "y the end 
of 1990. and will add a further 3 million tonnes of 
ironmaking capacity to Baoshan Works. 

(d) Direct-reduced iron and markt•r outlets 

Iron from the blast furnace is in liquid form and is 
produced on site for steelworks. If procc:,..ing is not 
interrupted. it remains liquid right through to casting 
a~ steel through continuous casters or ingots. Certain 
production problems .irise \\hen iron is cast solid and 
has to be remelted in the steelworks. but that is rare. 
>\ very small proportion of blast-furnace iron is also 
cast into foundry pig-iron. but the percentage is s.i 
small as to be statistically insignificant. Liquid pig
iron is thus not a traded commodity; at temperatures 
of around l.50W' C and in hatch 'ites of up tn 
.150 tonnes. transport i' nearly impossible. except 
internally. There is, howe\er. another form of iron 
that i' produced in solid form from iron ore without 
e\er going through the liquid stage. This is known a~ 
direct-reduced i~on. a highly metallitcd material (t~pi
cally over 90 pc,r cent) !hat " produced by mean' of 
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hlast furnace. Bcc;1ust• it i" pr.iduc.:d a" a ,_,,ftd and in 
a granular form 1t can be trarhp•>rtcd and ca"!~ 

remelted anJ is thacf,lrc suitabk a" a marl..c:tabk 
c,1mnh1dity. It rc:prc:scnts a "mall pwp,>rti<lll ,,f t.l[al 
\\ tldJ-\, iUc itot"lflljk111g. blii it i!'oo bt:(t ;ffiiii~ in( r~~singI~ 
rdnant as a high-quality substitute: for scrap in 
dc:ctric-arc furnacc:s and basic-oxygc:n-furnacc: cum cr
ters. Much direct-reduced iron is made on site for 
adjacent steel\l.orb or local consumption and does 
not sc:ek a market. In fa\ourable locati,1ns throughout 
the w,1rld. howe\"er. direct-reducc:d irnn is n,m being 
pn,duced for export markets and will continue Ill 

increase its share of total iron production. 
Direct-reduced inm will thus find markets m 

dc:\"eloped countries where the suppl~ of scrap is 
becoming e\·er more contaminated with elements that 
are hard to remo\"e in the steelmaking process. such as 
cupper and other hea\"y metals. ,1r elements that cau-.e 
en\"ironmental problems during their remo\·al. such as 
lead and zinc. The need for highc:r-quality iron units 
will be felt particularly by thus.: electric-arc-furnace 
operator~ who are attempting to mll\ c: their product 
range further into that co\ered by the integrated 
producc:rs. in particular the flah market of strip and 
plate. This mo\ement is particularly strong in the 
United States. where in 1989 the world saw the start
up of the first thin-slab casting and rolling mill by an 
electric-arc-furnace operator. Despite initial problems 
with the: plant. ~ucur has plans to build a second mill 
of the same type. and other United States mini-mills 
are quickly mo\"ing into the market. The only other 
planned commercial thin-slab mini-mill is in Taiwan 
Province. 

J. International location of direct-reduced 
iron facilities 

The current international market for direct-reduced 
iron has been estimated at around lO million tonne~. 
but available merchant production capacity has been 
ver~ limited. Recent movc:s in Venezuda will capitalize 
on thi!> shortfall. by increasing the availability of 
merchant direct-red.iced iron in the form of hot
briquetted iron. which is a compacted version of 
direct-reduced iron. This makes it more suitable for 
transport since density is increased, while the risk of 
spontaneous combustion through re-oxidation from 
the atmosphere is removed. This product is thus made 
safe to handle and store and more convenient to carry 
and melt down. Direct-reduced iron production opera
tions in a sample of countries are reviewed below. The 
capacity utilization rates presented in table IV. IOI 
were examined earlier. and they demonstrate clearly 
how actual production falls well behind installed 
capacity. 

(a) Vmezuela 

With 2. 7 million tonnes of direct-reduced iron 
output in 1989, Vene1.1ela is the leading country in the 
world for direct-reduced iron production. This is a 
result of its uni411e comhinat1on of natural resources 
which have made the direct-reduction and electric-arc-

r~!r!?;!(;.: r,•u!.: !!!': rrl· .... ·mint•nt mt•th<ld llf 'red pr<•duc
t1un. The: miner.ti and cncrg~ \\c;1lth ,if \"cnc!l;cl;1 i' 
.:.inccr11r;1tcd in .1 n:n1.1rkabk area 1'.:h1\\n :b C.iua~ana. 

at the .:.>nt1uc111.:c ,,f rhc Orin,ic<> and Car,•111 n\ er,. 
The Onrh•.:•> gi\ cs direct acccs~ 1,1 the -.ca f,1r .'\0.(100-

iuuut:" ... hap~. \\ hih.; th~ f;.bi-flt•Wii:.~ c·ar"n' hJ~ b~..:ri 

harnessed by the Guri dam t'> pw\idc: IOJJ()(J mcga
\\aih of electrical po\\C:L T\\o bil11,1n :onncs ,,f high
quality iron lHC dep,>sits lie within 125 kilometres of 
the ri\er c,mflucnce and natural gas fields. while 
rc:sencs l>f 2."'.t trillion cubic n :tres arc within 
150 l..il,,mctres to the n,1nh. ~atural gas pr,n ides the 
key ingredient for the productio11 of direct rcduccd 
iron in \'c:nc:zuela. ~ince it i~ a I01.1.-cost fuel and 
reductant for making iron from iron ore. It renHw;:s 
the need h> dc:pend on coke. and has been the for.:e 
behind the de\"elopment of a whole ne\\ range ,lf irnn
producing technologies. The Venezuelan stc:el industry 
depends on direct-reduced iron and some imported 
scrap for its entire supply of iron unib tn produce 
3.5 million tonnes of steel per annum. T:1e scrap input 
is in fact an anomaly. since thc: nationalized steel
maker. SidM (e\en equipped with facilities to produce 
direct-reduced iron). is unable It> make en11ugh to 
satisfy its own requirements. As can be seen from 
table IV. IO I. direct-reduced-iron capacity utili1ation 
in Venezuela is only 54 per cent. because of the 
inability of Sidor to make use of its direct-reduced
irun facilities. 

This situation. however. is changing as Sidor 
increases production for its own use. and as new 
merchant direct-reduced-iron facilities come on stream. 
In February 1990, a new 830.000-tonne merchant hot
briquetted ;~~:: plant was commissioned. and is 
intended to supply direct-reduced iron to the United 
States as its prime customer. Initially, it will also find 
a domestic market, as Sidor works up its own 
capacity. Venezuela is recognized as the world·s prime 
location for direct-reduced-iron production. and three 
other merchant direct-reduced-iron plants are in the 
pipeline. The first. scheduled to come on stream in 
October 1990. is a privately owned project that will 
produce 300,000 tonnes of merchant hot-briquetted 
iron and 300,000 tonnes for use in its o\\ n steel plant. 
The second is still a paper project for the production 
of 400,000 tonnes of hot-briquetted iron for export 
only. while the third and most ambitious is a 2-million
tonne direct-reduced iron project, one half of whose 
production will be for export and one half for 
consumption by a new electric-arc slab casting shop. 
The slabs produced will all be for export. Initial 
operation is scheduled for 1994, by which time it is 
estimated that the production of direct-reduced iron 
by Venezuela will have risen to some 8. l million 
tonnes. confirming the production leadership of that 
country. 

(b) Malaysia 

Although relatively small by comparison with that 
of Venezuela. the only other merchant hot-briquetted 
iron plant in the world is located in Malay~ia. '.'llatural 
gas supplies again ha\"c been the deciding factor in 
h11ilJ:11g a dircct-n:duc:ed-iron plant. hut all iron ••re 
11\ed hy the plant is imported, and the product i' 
1.irtually all exported. 



(c) .\frxico 

'.\1exico was the first country to produce direct
reduced iron. and is a close second to Venezuela m 
p~oduction. One of the two dominant gas-based 
direct-reduced-iron technologies was de\·eloped in 
~1exico and specifically designed to suit the resources 
of that country. However. unlike in Venezuela. direct
reduced iron is used for only a minor part. less than 
30 per cent. of steel production in Mexico. with blast 
furnaces providing most of the iron l!nits. 

(d) Argentina 

Gas-based direct-reduced iron productior. of 1.17 mil
lion tonnes played a sig11ificant role in the 3.9 million 
tonnes of stetl outlJUt of Argentina. with blast 
furnaces providing around 2 million tonnes of iron. 
the remainder being made from scrap steel. 

(e) India and South Africa 

India and South Africa are rarely grouped together. 
yet in the field of direct-reduced iron it is reasonable 
to do so. since they are the two main locations for 
coal-based direct-reduced iron in the world. This 
technology provides a product similar to that of gas
based technology. but it relies on non-coking coal for 
the reductant. Both countries ha\·e vast reserves of 
coal, but not all of it is of metallurgical quality. Thus 
they have adapted their technologies to the use of 
lower-quality coal. In South Africa the direct-reduced 
iron is consumed at the plant where it is produced. 
while in India many of the direct-reduced-iron planis 
are providing a merchant commodity for consumption 
by local electric-arc shop operator~. India has no 
ready supplies of scrap. so the combination of an 
available cons..mer and a technology that can absorb 
lo.:al low-grade ores and coals has led to the creation 
of the market. 

(f) Qatar and Saudi Arabia 

Qatar and Saudi Arabia, two rt:lative newcomers to 
the steelmaking world, have capitalized on their 
natural gas resources to make direct-reduced iron for 
domestic and local export markets. 

(g) L'nion of Sm·iet Socia/ill Repuhlirs 

The USSR. the world's biggest iron and stedmaker, 
has only a small interest in direct-reduced iron for its 
natural gas fields at Staryy Oskol. Using United States 
technology and plants built by contractors from the 
Federal Republic ,>f Germany, it has been successful 
in the production of direct-reduced iron for many 
years, operating its piant to more than 100 per cent 
capacity utilization. However, a total output of 
I. 7 million tonnes, all of which is consumed by the 
electric-arc smelting shop in-plant, is small compared 
with the annual figure of over 160 million tonnes of 
steel production in the USSR. 

(h) Other countrt<'J 

There arc other ~uccessful producers of direct
rcduci:d iron, not;ihly in Canada. Egypt, Federal 
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Republic of Germany. Indonesia and Trinidad and 
Tobago. where capacity is being well used. but the 
quantities produced amount to liule in global terms. 
Plants have been less successful in the t.:nited King
dom. where a direct-reduced iron plant was built in 
the eariy days oi North Sea gas but never commis
sioned. In Sew Zealand a coal-based technology was 
developed specifically to suit the type of iron ore 
found in that country. but it has had technical 
operating difficulties compounded by financial pro
blems and ownership battles. 

4. The outlook for smelting reduction 

As rointed out earlier. direct-reduced iron makes 
only a small contribution to global iron supply. and 
though ;t is likely to grow. it can only supplement 
bulk iron production as currently produced through 
the blast furnace. But if the blast furnace is not a 
satisfactory answer to the problems of ironmaking in 
the long term. or even in the medium term. then what 
i~ the sulution? This q!Jestion is being addressed by 
many ironmakers and plant suppliers in developed 
countries. and a technoiogy that has become generically 
known as smelting reduction is being developed in 
mani research projects. Smelting reduction processes 
are being de.>igned to offer advantages from the 
following pc.'.nts of\ :ew: 

(a) CoJts. The processes will operate economically 
with smaller unit siz~s than tilast furnaces, and are 
therefore more flexible and cheaper to apply. They are 
being designed to employ non-coking coal in the 
majority of cases. thus doing away with the need to 
invest in coke oven~ or to buy ready-made coke: 

(h) lnputJ. The processes can tolerate lower
quality iron-ore feed material and are being designed 
to operate with a variety of ore configurations: that is. 
lump, fines. pellet~ or sinter. 

Of the proces~es under active development. two 
different kinds are current(~ in use. The operations 
i1 •olve a reactor that is fed with coal and oxygen. 
displaying some features in common with the hearth 
of a blast furnace or with an oxygen con\'erter. In the 
first category, the aim is to di\'idc the functi,ms of the 
blast furnace into reduction and smelting. This is 
achieved through the use of twin \''!Ssels. one for each 
reaction, which arc connected for gas and solid 
transfer. In the other category, the process is more like 
using a steelmaking converter with a liquid bath. but 
the ore reduction occurs in this bath rather than in a 
prcreduction shaft. 

At the beginning of the 1990s research and devel
opment have been conducted on probabiy tY.o do1en 
smelting redtiction methods. most of which are either 
at an early stage of research or already more or less 
m.>thballcd. More esoteric systems based on pla~ma 
technology, which is being used for ferro-:illoy pro
duction m Sweden, or other method~ involving high 
electrical consumption h;ive been mentioned recently. 



The most importar.! developments ir: the sr.lelting 
reduction field may be summed up as follows: 

(a) After successful pilot Dlant operations in the 
Federal Republic of Germany for many years at rates 
corresponding to an t~utput of 60.000 tonnes a year. 
the first Corex commercial plant was built at Pretoria. 
South Africa. by lscor and started up in 1989. After 
initial problems and modifications, the plant is now 
running at its planned nominal capacity of 300.000 
tonnes a year using local ores and coals. The hot 
metal produced is said to he equi\·alent to blast
furnace iron and is now being used in the lscor arc
furnace steel shop. Surplus gas is being used as a fuel 
within the mill; 

(b) The major steel companies in Japan. Nippon 
St :el, Kawasaki. NKK. Kobe and Sumitomo. arc all 
active in ironmaking research. Kawasaki has built a 
prereduction pilot plant at its Chiba works and a 
melting plant at Yawata. while NKK plans to build in 
1990 a 500-tonnes-per-day pilot plant for stainless 
steel production: 

(c) In Australia, CRA Ltd. is building a 300.000-
tonnes-per-year plant on the basis oi work done 
jointly in the Federal Republic of Germany with 
Kloeckner. The so-called Hismelt process is a single 
bath process which operates with injected ore fines 
and coal: 

(d) In the Netherlands. under the sponsorship of 
the European Coal and Steel Community, !he con
verted blast-furnace process has been jointly devel
oped by the Netherlands steelmaker Hoogovens and 
British Steel, but it remains at the pi:ot stage. It is 
designed to use as much existing hardware as possible 
in converting a blast-furnace process into a two-stage 
reduction and smelting operation: 

(e) In the United States, a joint development 
sponsored by the Department of Energy and co
ordinated by the American Iron and Steel Institute 
has been proposed to come up with a one-stage steel
making route. Most of the United States integrated 
operators are involved and are watching developments 
closeiy. 

The future of smelting reducti::m technology is the 
cause of much deliberation in the ironmaking world. 
There seems to be a growing niche for medium-sized 
production lines of around 0.5 million to I million 
tonnes per year. where blast furnaces and coke ovens 
are not justifiable. There is also a growing concern, 
for financial and environmental reasons, about 
rebuilding coke ovens, and thi~ concern will become 
more acute in the coming years. The United States 
may well l;e the first location where the smelting 
reduction process is used in commercial operations on 
a substantial scale. followed by Japan and Europe. 

The iron and steel ii.dustry is faced with a classic 
mature industry problem. The market is established 
and relatively stable. but there remains over-capacity 
world-wide. As developing countries bring new plant 
and capacity on stream. the global problem of over
production becomes exacerbated to the benefit of 
local economies. In a highly capital-intensive husine'is, 
e~tablished pro,..ucers in developed countries must 
think hard about their long-term investment. Iron
making thus remains central to their concerns. 

G. Forging industry: (ISIC 371007)* 

Technological innoutions aid product competition 

Forging con,,ists of taking a piece of steel known as 
a slug and heating it until it becomes malleable. It is 
then shaped by dies brought together more or less 
rapidly by devices using impact or pressure. The semi
finished steel products used for forging are generally 
round or square bars. known as billets. which are 
formed either by rolling ingots or by continuous 
casting. with or without rolling. These semi-finished 
products are cut up into slugs by sawing or shearing 
depending on the desired thickness. Their weight and 
length arc calculated to make :hem suitable for 
forging a specific item. 

The types of steel processed are carbon steels or 
ordinary steels. low-grade alloyed steel or strong alloy 
steels. There arc strict rules for deciding which grades 
of steel are appropriate for a given piece. The criteria 
include stress analysis, data on the environment in 
which the piece will be used, the size and shape of the 
piece, ease of machining, the mechanical characteristics 
sought and the heat treatment to be applied. 

A wide range of steel grades are used to produce 
forged pieces. Intensive research and development 
have resulted in more resistant steels. The forging and 
treatment processes themselves enhance the quality of 
the steel so that it can meet various customer 
requirements. Micro-a!loys have also been developed 
over the past 15 years, particularly in the Federal 
Republic of G..:rmany. These alloys render heat 
treatment unnecessary or simplify the process. thereby 
reducing c:osts. 

It takes a great deal of pressure to ensure that the 
slug fills the cavities in the moulds. These cavities 
carry the form that the slug is to take in reverse. This 
shaping is achieved by im::>act or pressure. When the 
impact method is applied, instruments known as drop 
hammers or drop stamps arc used. A falling mass 
which can weigh up to several tonnes provides the 
impact. Presses exert a much slower and more 
progrrssive force on the slug than drop hammers. 
Shortages of skilled workers and the need for high
volume consistent components have led to a growing 
tendency in factories to replace drop forges with 
presses. Billet mills are sometimes used to outline the 
shape of long slugs before forging with presses or drop 
forges. 

A work station is generally made up of several 
machines. First a shearing machine provides slugs for 
one or more pieces of forging equipment. Shearing 
can rnke place when the metal is hot or cold. ,\ drop 
hammer or a press is then used to shape the pieces and 
a flash trimmer removes the excess metal from the 
seam lines. These flashes inevitably occur because of 
the need to fill all these cavities in the dies. The work 
station can also include a billet mill or mechanization 
and automation equipment. Once the flash has been 
trimmed. the part may be heat-treated, finished and 
inspectc:d. The parts manufactured by forging vary in 
weight from one gram 10 a few tonnes. The force 

•t lNll>O acknm•lcd!IC• lhc con1nh1111on of lo; S1anfnrd. hhlor. 
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required t•' forge the latter and the C1)St ,,f t:'iuipment 
mea:ls that hea\ ~ parts are hammer-f,•rged in ,.mall 
quantities. 

Re..:ent ,·c,momi..: trends in pwdu..:ti•lll and ddi\·eries 
are examin .. .! !><-(,n\. Technol,,gical de\d1>pments in 
ft1rging and forming metallurgy and engineering are 
re,·iewed_ Examples are pnn·ided for a ,·ariety cf 
countries. and the industry outlook is sketched in the 
conclusions. 

I. Rumt tr~ntls anti cu"~nt conditions 

(3) Production and consumption 

Production in the international forging industry 
decreased from 1980 to 198ti. but in llJ87 the dedine 
stabilized. Table l\".102 shows that a sharp reco,er~ 

r.maay, Federal 
lepublic of 

Olli tee! St.tes 
mi CBida 

Italy 
t'lli ted linqdol 
FrilllCZ 
Spiin 
Slleden 
llt!qim 

niroforqc tot.I'-' 

Table l>.102. PtOOu...--tion of dr91'-fo!:1Jil!<! 
iu.stries bl ,;oqntr;. mo-oo ~ 

l'r9!i;..1ion 
1980 l"' 1911 
I tbcQsuds of toanes l 

131.l 712.5 '66.l 

!14.i 712.1 IOO.I 
556.5 321.1 351.l 
295.l m.1 261.4 
2111.6 154.1 173.l 
rn.2 iO.I 152.9 
69.5 66.6 71.l 
13.7 14.6 16.3 

2 109.l l 71).2 l 192.4 

10.7 
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7.0 

17.3 
12.0 
li.3 
7.1 

11.6 

10.5 

45.76 

17 .7 
11.55 
13.1 
9.15 
1.07 
3.76 
0.16 

100.00 

~= Dau pmidcd by" flnforqc al tllc utioaal mociitiaa in tllc 
illdi•i~ Cllllltries sbiM. 

1: flpl~ estilites for 1911: Fedenl lepublic of Genilly, 25,500; 
!Uly, 13,000; Ollited IDqdal: 10,500 Prallcl!: 5,600; Spiin: 4,500; al 
lltlqi•, 500. 
~ Dlroforqc is • Ol'ljlliutiaa of ildi•i-.1 fllropell fcqiaq m.try 

ISIOCiatiaas, ~isinq snca OMtries, ._ly, lclqi•, l'nlla:, Pedcrll 
lepublic of Ctl'lllly, IUl y, Spain, Slledcll ad Oll'.ted linqdol. 1lle 
s.tertUriat, c:imatly blRll ii tlle Peden! lepllllic ot Cenuy, raUtlS --i 
.-r utioaal 1110Ciitiom. statistics froa !llroforqc miler ISIOCilliom 
ue prlSCllted but, •itll fi91f'S for tlle Dlited sut.es 11111 c..i. qi• for 
~isGa only. ftlc totals qifCll in for Dlroforqc only, and do not 
r!prl!Rllt qlobll productiaa letels. 

;f bcludiaq tllc i.ii t.I st.t.. 1111 CWda. 

had occurred, for the first time in many years. As 
shown in figure IV.16. the Federal Republic of 
Germany is the largest producer. with the combined 
total of the United States and Canada becoming 
smaller over the past decade. Forging industries in all 
EEC countries have made constant efforts to improve 
productivity by purchasing more efficient machinery. 
by exlending 1he i11duction heating process. by 
mechanizing and robo1izing work slations and by 
in1roducing CAD and CAM lechniques. Such moves 
had become inevi1able because of advance" made in 
1his direction by compe1ing produc1ion 1echni4ues and 
cuslomer pressure for lower prices. 

In the mmt efficient and productive ,.,mpame,, 
inve~tment levels have achieved a llirnP\er of HI per 
cenr nr more. lnve~rmcnts and producrivlly gain~ 
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Figure IV.16. Production of drop-forging Industries 
by country or economic grouping. 1988 

t.lillions 
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2 l Total world production: 4.51 million tonnes 

I 
I 
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Source Natrona! 1ndu!.try assoc1at1ons 

combined wilh customer pressure have driven produc
tion costs down. Howe\·er. the metal used accounts 
for at least 35 per cent of costs. and this is \·irtually 
impossible to reduce. The rest of the cost price is 
made up of labour (45 per cent). energy (8 per cent) 
and various other costs ( 12 per cent). These per
centages vary widely according to the weight and 
grade of the metal used as well as 1he trea1ment and 
the shape of the piece to be produce.t Production 
costs have also been rc:duced as a result of technical 
advances such as impro\·ed yields. the use of new. 
high-output equipment and the man•.1facture of lighter. 
higher-preci-;ion parts. 

Regarding consumrtion trends. forged parts are 
L1sed in all industries. including the automotive. 
aeronautics. shipbuilding, machine-building. mecha
nical engineering and electricity (traditional and nuclear 
powers1a1ions) indus1ries. As shown in 1able IV. I03.1he 
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auh'lll••ti\c mJu,rr~ ;, h~ far the: ~igg1>t ,.,,n,umc:r. 
Ddi\eric, ,,f l:ur.•pcan indcpcnJcm f,'rg11•g .;,i;upanic' 
'h"\\ that the aullinh•ll\..: mark.:1 rc:prc:,..:nt ~t>.2 pn 
..:cm ,,f the '••t.11. ·\gr!..:ultural ma.:hincr~ .i..:..:,iunt' l~•r 
~--l p.:r ..:.:nt and mc:..:hanic;•I c,·.n,tru..:ti''"' f,•r ~-2 pc:r 
..:cnt. .-\II ,,th.:r .:nd-us.: m.irkcb ha\.: a nm1:h smallcr 
share. (\,ncerning aull11nnti\e uses iri indi\idual ..:nun
tries. it acc,iunts for -.~.5 per cent in the Federal 
R.:rutolic •.'f German~. fl 1 per cent in Spain. -ll\ per 
cent in the l'nited ~ingdnm. -l-l per cent in Italy and 
37 per cenl in Fr:mce. Bdgium is the ,,nly rnt;.llry 
\\here the forging industry d1les nnl supply th:: 
automo1in: ind11stry. The same: phc:n,>mc:n1m of the 
dominance: 11f the au11,m1>li\·e industry can be noted ia 
Japan and. l1l a lesser extent. in the l.'.nitc:d Stales. The 
forging industry is 1hr:refore \Cry suscc:plible Ill the 
technical 1lplions adopted by the: auwm1lli\e industry. 
the efforts of "hich C:\en spill •'\er inlll other 
industries. 

With respect hJ employ r.tent trends. the forging 
industry \\1lrk-force has generally shrunk as a result ,,f 
the slack market and the mechanization of produc
tion. This trend I1as not ..:1mtinued O\er the past t\\O 
years because of an impro\·ed ec1momic ..:Iimate. 
H1}\\e\"er. f,irging. which used to be essentially a 
labour-based industry. is bec•Jming me..:hanized and 
its labour force must undergo certain revisions. 

(b) .\la1or Hrucrurul and g1·ogr11phical changt'J 

Most companies are specializing more and more in 
specific products to be able to produce at the lowest 
possible prices. Specializauon gi\"es companies both 
an edge o\"er competition and long-lasting control of 
the market niche they ha\"e chosen. Some companies 
ha\"e de\"eloped warm forging. at temperatures below 
the normal 1.250" C \tore ~ ·d more companies are 
using C:\D and CA!\.1 techniques. These methods 
allow them to optimize their product and to achine 
the maximum strength-to-weight ratio. 

Many c1>mpanies are family-owned and -operated 
businesses. which ha\e huilt their success on the 
quality of their products. Others are subsidiaries of 
the steel industry. "hich uses them as a means nf 
testing and selling ih pr1lducts. H1l\\e\er. the numher 
1lf these subsidiaries has decrea,ed as a result ,,f 
denationalization. particularly in the l 'nited Kingdom 
and France. The industr~ alsll includes independent and 
capti\"e forges. It is imp1lrtant to n1>le that the former 
may be subsidiaries of steel C1lmpanie'>. \\ hereas the 
la lier are amalgamated \\ ith larger group,. c'peciall~ 
in 1he autonwti\c induslr~. :\s a general trend. the 
number of forging companic' ha' dc:clinc:d n\cr the: 
pa~t :!O years. 

In rhe federal Repuhlii.: of Germany. 150 cnmpanie' 
produce \\hat amnuni.. It• nnc: ,,f the highc'>I national 
produc11on lc,c!.. in the \\1>rld. There are m;tn~ large 
companie,. 'uch a' Th~"cn. (ierlach and Pedding
haus. in th;1t cnuntr~. In the: l'nited Kingdom. the: 
larges I C•lmpany i' I' oiled Fnginc:ering ;rnd Forging 
(formerly CK'l. whii.:h ai.:wunh f1>r 50 per cent of 
1 'nilcd Kingdom prnduc11nn. The: other impnrtanl 
gr11up' are I irth R""'n. l'CO (ir.n1p ;ind C1mcr,111 
lr11n Work'. 

In Bclgmm. IO .:nmp;inic,. f11ur nf \\hi.:h h;l\C: 
forging a' 1hc:r main h11,1r1e". 11perarc 1r1 the md1h!r~ 
:\II 10 i.:11mp;1n1.:' arc ,ni;1ll- or mc:d111111-,11c: hu,anc:"c' 

Th.:~ .ire 'prc;1J .ncr the: c1•untr~. hut nwrc: clu,tc:rcd 
m pb.:c' like Charkr"i Jill.I l.ii:gc. \\ ht.:h u,cJ t11 h..: 
the ccntr..:< "' hc;1\ ~ rnJu,,ric' ,u.;h ;.i, 1111nmg. .ind 
,tee!. Th.: declmc in ..:crtain cu,t.imcr inJu,trie, ''Kh 
.i' ..:1>.ll. ,tc:.:I and raih'a~s. anJ C•'mpcliti••n fr,1111 
1•thc:r manufa1.·turing mcth,,ds ha\c kd '''a sJh,tantial 
r.:ducti.m in th.: munher ,,f forging c1,mpanic,. "hik 
the sun i\ ing c,,mpanies sp.:cia!ize in 11thc:r high
p1Hc:ntial industries. 'uch as mc:chanical engineering. 
11.lrries and aewnautics. 

In Spain. 1lUt ,,f the .SO C1lmpanies thal make up 
the forging indusn~ ,ml~ eight ha\e m11re than 
150 emp[,,~ees. fin: ha\l" between 100 and 150. nine 
50 to 100. and It\ less than 50. The ge.igraphical 
spread i' as fol11.lws: Basque terrill,ry-30; Cata
hmia--l; ..\rag.in-:!; \tad rid- I; Galic;a-1; and 
cllher regi,,ns-2. The largest companies are Patrici1l 
Echneria SA. La Farga Casano\a SA. Forgas de 
\'illalba S . .; (Gekanor Group) and Forgas de Galicia 
SA. 

In France. the industry is made up 1>f ""::!companies. 
Three groups. one of\\ hich was formed 1inl~ rc:centl~. 
dominate. The groups include: ..\scometal. Forge' 
Stephanoises and Forges de C ourccllcs. Forging com
panies are spread O\er the folio\\ ing region': 
Ardennes-25: Loire-6; eastern Francc:-1-l: anJ 
other regions-:!:. 

In Italy. most companies are located in the north in 
Piedmont around Turin. in Lombard~ in the Como 
area. in Varese and Bresci. and in \'enetia and Emilia 
(Bologna). The largest companies are Tek,id (Fiat 
subsidiar~. 90 per cent of wh1lse pr1lduction g1>es to 
the car industry). the Erber Grnup. Riganll and 
Casartelli. In Lombardy. IO per cent of the companies 
account for 50 per cent of production. and. except for 
Teksid. they are all family businesses. 

(C) The EEC and :he(or.i:in.i: indu.\trr i1• /99! 

The European closed-die forging industry has a 
total annual production 1lf approximately 2 million 
tonnes and employs about M.000 people. It 1s an 
indastry of main!~ smail- and medium-si1ed cnter
prisc:s. "ith many of tlle indi\idual cnmpanie, being 
family-1>wned. T~.e most important cu,1omer indu,tries 
ha\e been mentioned in connection\\ ith table I\'. to.'. 
!\.1ost forgings produced in Europe arc supplied t.1 
European customers. There is a str1mg belief that the 
European industry \\ill be affected by th<'. further 
unificati1in of !he EEC in 1992. 

To gauge the impact of this change on the forging 
indu,lr!. each company must anal!sC ib 11\\ n 'ituation 
and make a .:omprchen,j\e assessment of ih p11'ition. 
Fr.im thi,. an appropriate 'trateg~ can be de\c:loped. 
Th1h. f<1r in,tancc:. a deci,ion can be 1;iken hi adopt 
the ,tralc:gy of the lcchnnlngical and cconomii.: market 
leader in a certain 'c:gmen1 11f the: market. Other 
cnmpanie' will confine themsel\e' 10 a niche '>lratcg~. 
rcslncteJ lo the national market. fr1m1 \\h1ch a future 
ruropean stralcg~ can C:\ohe. if determined 'pec1al
l1'llion and a 'trong c11mpellll\C po,i1i.1n are achined. 
!"he que,r1on \\ill frcqul·n1l~ ari'c \\he: I her a .:nmpan! 
h;1s the ahiltt~ 10 c\pand •'r \\hethcr II \\ill h;l\c lo 

,pe.:1ali1c further in 11rder 111 he i.:••mpetil1\\: 1r1 ;111 

npandcd market. With gro'>'mg C••mpc111i,1n 111 the: 
d11mc:,ti.: m;irkct. ,mall· .rnd mi:d1um·,111·d f11rgrng 
c11111pa111..-, face .:11nr1nuall~ r1,111g pre"urc:. lmpr11\c:d 



productivity performance. accelerated product innova
tion. shorter development periods. higher flexibility in 
deli\·ery r·just in time .. ). increasing demands on 
quality. and tl-e more and more computer-aided inter
relation of all working processes within the company 
can onl~ be handled by outstanding managers and 
specialists. 

Fnr many years forging companies in Europe ha\·e 
held their ground in competiti\·e terms both within 
Europe and in international markets. There arr 
already forging companies that export over ~'.; per 
cent of their total production. But in future. European 
forging companies will have to be prepared for e\·en 
stiffer competition. because the technical trade barriers 
exisring today will be lifted. making products more 
interchangeable. and because of locational problems. 
Europeaa forging companies should. howe\·er. be 
conscious of their strengths and be prepared to exploit 
them. Among these strengths. their products and the 
technology and logistics used in production are highly 
innovative. and their proximity to customers permits 
efficient and flexible sef\·ice and delivery. 

With the concepts of just-in-time deli\·eries. and 
.. zero-defect quality... which is demanded by the 
automotive industry and in an increasing number of 
other industries. curopean forging companies must 
use the most modem manufacturing methods and 
materials. Th\: high demands of customers can only be 
met by using computers in construction and devel
opment, quality control. production plan11;~!! ,. .... ' 
controlling systems, data storage and da!;s co'.·~·fJ•, .. 11-

cations. Moreo\·er. every forging company must rnn
sider the question of transnational corporation a;;J 
strategic alliances. To remain abreast of conditions in 
Europe. a forging company should make ust' of the 
information provided by the EEC Commission. trade 
associations and federations, as well as other advisory 
bodies. These 3roups can assist on all questioni. 
concerning the EEC. and can help to find suitable 
partners for co-operative work. 

( d) lnternaticnal forging congresseJ 

On an international basis, a forging congress is l"ow 
held once every three years to reflect and report on 
world-wide developments in the forging indus•ry and 
further support technical advances in the field. In 
recent years. for example. international congresses 
have been held in the Federal Republic of Germany, 
United Kingdom, United States and. most recently. in 
India. The next congress will meet in Italy. The 
concept of arranging international meetings within the 
forging industr1 arose in Europe in the period after 
the Second World War. and had the aim of furthering 
mutual understanding and fostering a greater sense of 
unity. 

From the outset the congresses were held in ttrrec
ycar cycles. each rime at a different location in 
Europe. Very soon thec.c: European congresses grew 
inro international congresses with a world-wide reach. 
and tiley began to be held outside: Europe; for 
eumple, in the United Stc:ces or in India. The markets 
of rhe forging industry developed in 1his period from 
being initially largely domestic lo European and :hen 
finally becoming international. Hand in hand with 
this development there: wa~ an emergence of competi
lion among forges. at fir~t in Europe and larer on a 
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world-wide scale. The nature. content. location and 
time-cycle for thc:;e international congresses remain 
\"ital CGnsiderations for the industry world-wide. 

1. T uluro/ogical rr~11ds i11 forging a11d 
forming m~tall11rgy a11J r11gi11uring 

In recent years the forging industry has witnessed 
significant progress with micro-alloyed steels. alu
minium-lithium alloys. titanium alloys with impro\·ed 
creep resistance and nickel-based superalloys. To 
obtain the best results. thermo-mechanical treatments. 
hot-die: and isothermal forging and semi-solid state 
forging are among the technologies that have attracted 
the: attention of inno\·ati\·e manufacturers. These 
technologies and the extension of powder forging and 
metal composite applications arc likely to be: at the 
forefront of forging development in the 1990s. 

Leading planr and equipment manufacturers are 
responding to these changes and de\·cloping machines 
and techniques to cope with the parallel advances in 
materials technology. the demands for closer-to-form 
products and the continual quest for producti\·ity 
improvements. Rotary forging developments, including 
aero-engine discs and high-rate hot-forging machines 
for automoti\·e components. not prc\·iously produced 
by this technique. are examples of recent ad\·ances in 
farging equipment design. elaboration and manu
facture. .\ltogether. these inno\·aticns are aimed at 
offsetting the threat to the international forging 
industry of competiti\·e proces!>es and components. A 
summary is gi\·en below of indi\"idual de\·clopments in 
various countrie~ with an identifiable forging industry. 

(a) Be~~ium 

Since 1986. the industrial economy of Belgium has 
passed through two \·cry contrasting stages of de\·el
opment. first during 1987 and second during the years 
1988 and 1989. In the first stage. the country 
witnessed a substantial deceleration of economic 
growth. which in fact reflected a rather depressed 
economic climate internationally. As a result. the 
GNP of Belgium grew by only 1..3 per cent in 1987, 
much below the 2.8 per cent in 1986. A!though 
economic activity was less dynamic than in 1986. the 
rate of inflation was still moderate and unemployment 
remained low. Belgian industry. in particular. was 
confronted with the following two major problems: a 
sharp dip in demand, me.inly in the home market; and 
a steep fall in the price of steel products. This second 
factor had se\·eral i:onsequcnces for the Belgian 
industry, including the following: 

(a) Stabilization of average-<ost prices in the steel 
processing industry. despite an increase in wage costs 
of 4.9 per cent; 

(hJ Stagnation or even deflation in the selling 
prices of products and, as a result, a reduction in 
manufacturing turno\·er. For the preliminary process
ing industry as a whole, the effect of the drop in steel 
prices was a 5 per cent rcducrion in turnover. 

The forging industry in 1987 was rhus faced with 
adverse economic 1.:nndition.~. Its turnover was affected 
by the fall in raw material prices. and tonnages 



remained stable at around the 1986 level. But there 
was also a positive clement; the percentage of expons 
rose to aecount for more than half the total sales. 

In the second stage of development covering 1988 
:md 1989. the economic situation of the national 
industry improved. Despite the sombre prospects 
following the market crash of October 1987. 1988 was 
unexpectedly the best year for Belgian economic 
growth in IO years. witn a GNP growth rat.! of 4.1 per 
cent. In addition. unemployment fell from 10.3 per 
cent in 1987 to 9 per cent in 1988, with inflation 
remaining low at 1.2 per cent against i.6 per cent in 
1987. It appears that the driving force behind the 
development of the Belgian economy in 1988 was 
industrial investment which, after increasing by 7 per 
cent in 1987, further rose by 11.5 per cent in 1988. 

Against this background. the forging industry 
registered excellent results in 1988 with an improve
ment in activity estimated at more than 20 per cent (in 
tonnage and value). At the same time, sales prices 
began to revive following strong growth in steel 
product services. In fact, 1988 was a year of strong 
recovery in raw material prices, which consequently 
improved turnover in the forging industry. However, 
most companies in the industry also encountered 
Io.1gcr delivery periods in obtaining steel supplies. 

8-:cause this growth extended into 1989, the Belgian 
national economy has been characterized by a con
tinued high rate of · nvestment. an acceleration of 
private consumption, and a decline in unemployment. 
The principal branches of the Belgian inuustry. and 
notably the preliminary processing of metal. have thus 
recorded sustained activity thanks to the stabilization 
of demand at a high level. 

In the forging indu~try in particular, the economic 
situation has been encouraging, because of strong 
demand from indus:ries such as heavy vehicles, civil 
aerona.itics, building and civil engineering. Figures for 
the first half of 1989 fully confirm this encouraging 
situation as deliveries, expressed in tonnes, were up by 
10 per cent compared with the same period of 1988. In 
value terms, deliveries rose by 35 per cent, which 
shows that price readjustments, which began in 1988, 
continued through 1989. 

(b) Brazil 

The Brazilian forging industry, in spit~tof problems 
caused by constant inflation. was able to maintain 
production in the pas; three years at either the same 
level, or somewhat above the level, of the previous 
period. The significant increase of exports in 1989 
and 1988 also l:,rought about increased employment, 
reaching some 24,000 in 1989. The most recent statistics 
on forging output are provided in table IV.104. 
During this period. the Brazilian forging industry 
continued promoting the application of new tech
nology among its members. contributing to quality 
improvcmert and better competitiveness. 

(c) China 

According to the China Forging Industry Associa-
1ion, the forging industry is a very important national 
industry, providing inputs to the entire spectrum of 
manufacturing. cspt"cially to the automotive, aero
space, agriculture and construction equipmen1. ord
nance. mining, railway and petrochemical industries. 
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Since the Second World War. the forging technology 
of China has achieved considerable progress. Exa:n
plcs arc the large steel forging facilities in operation. 
such as the Eumuco forging presses. GFM precision 
forging machines, Hatebur hot formers. Thyseen 
Wagn~r ring rolling mills. the Siempclkamp screw 
press and Smeral pneumatic and hydraulic hammers. 
'!et in comparison. China still lags behind developed 
countries in forging production. not only in terms of 
quality but also in quantity and variety. Moreover. 
most of the machinery and equipment now being used 
in factories is outdated. and in many cases. the process 
applied still depends on the manual skills of the work
force. How~ver. renovation and transformation have 
been proceeding through tech11ology upgrading. equip
ment renewal and productivity growth. There is every 
indication that the annual increasing dem<!nd for 
advanced metal-forming technology will hold in the 
forsecable future, such as 1hat for precision forging 
machines, machines and equipment for dosed-die 
forgings. sheet-metal-forming presses. presses for cold 
and warm forgings. turnkey projects for c.:omplete 
installations and :nodernization of existing plant. 

In the wake of the moderniza;ion drive. as shown in 
table IV.105, the total volume of forging production. 
which includes open-dye, impression-dye and ring
rollcd forgings. reached 2 million tonnes in 1988. 
Future progress depends on the development of steel 
and car production in China. For example. the 
metallurgical industry is making efforts to produce 
over 70 million tonnes of steel a yClr by 1995. 
compared with 59.43 million tonnes in 1988. This 
means an increase in annual steel output of 20 million 
1onncs. In 1988, 37.000 automobiles were produced in 
China. This figure is cxpec1ed to reach 700,000 in the 
year 2000. The forging industry has 1hus been pre
paring a long-range plan However. the prospec1s of 
construc1ing new plants like the No.2 Heavy Machinery 
Works and the No.2 Automobile Workr. arc remote. 
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gi\·en the finan.:ial rc'iources of tl:e country. Dc\·el
opment. therefore. will depend on the cxpec<ed reno
\·ation and Cl':pansion of existing forging plants in 
China. 

(<l) France 

During the decade 1970-1980. prnduction of the 
French forging industry remain..:d stable. at just abo\'e 
200.000 tonnes per annum. Fr.Jm 1980 to 1983. it fell 
sharply to 14 !.000 tonnes. and then picked up slightly 
each year. until 19!<8 when i~ reached 173.000 tonnes. 
Thi!> is equi\alent to production in the decade 1970-
1980. if the systematic ·.\·eight reduction in manu
facturing par.s is taken into account. If the production 
of capti\'e automotive forges is added. then the 
tonnage in 1988 amounted to 302.000 ton:tes. 

The most decis1\·e factor in the dc\·elopment of the 
forging industry in France is the technical options and 
production \'Olume of the automoti\'e ind1!stry. In a 
gi\'cn year. it represents 30 to 40 per cent of forging 
acti\'ity; this can be increased to 40 to 50 per cent if 
the tonnages delivered for transmission gears arc 
added. Direct deliveries to the automotive industry 
dmppcd from 70.(lOO tonnes in 1980 to 46.000 tonnes 
in 1983. rising afterwards to 52.000 and 56.000 tonnes 
in 1986 and 1988. respective!~. This level is not likely 
to be maintained for economic and s!ructural reasons. 
the former relating to a rc\·crsal in economic trends 
and the latter inrnlving technical ad\·ance.> that could 
entail further change and product substitution. Such 
conditions hne previously worked against the industry. 
In other markets. substitution is less manifest than in 
the car industry. Since 19R6, forging output to other 
industries has experienced an upturn as foll1ms: farm 
machiner~. from 15,000 to 19.000 tonnes: public 
works e4uipment. from 15.000 "' 19.(XKJ tonnes: 
mining e-tuipment. from 2.<lftCl 10 .1.000 tonnes: and 
transmission itears. from 16.000 10 l>UlCKl tonnes. In 
contrast. rhe leHI of deliverie~. ha' remained stable or 
dedined m industrial min•, t>UHKI tonne' I. mecha
nical engineermg 1 I l.IKKI ronresl and ra1h~a~' 1down 
from 9.IHIO to 7 .OIKI tonnes). 

In France. rhe price rise' in ,1ecl imposed on rhe 
forging indu,try d•1ring rhe pa,1 rwo \car' ':au,ed 
considcrahle d1ffic11lrie'. 'ince ir ha' hcen prae1ically 

266 

impossible to pass these rises on in full to the largest 
customers of the industry. There has also b.!en a 
reduction in the period of payment to 30 day~. which 
has worsened the cash position of the forging com
panies. 

(e) frderal Republic o( Germany 

An indica:i,>n oi the quantity and value ,1f shipments 
made m 1988 can be obtained from table I\". !06. On 
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the basis of the expansion in the automobile industry. 
growth rates of output in the for~ing industry of the 
Federal Republic of Germany was 2 per cent in 19!16. 
-· _, per cent in 19X7. 7 per cent in 19XX and 5 per cent 
m 19X9. In 191!9. the greate~t-c\·er production volume 
was reali1cd by the industry. Several new dnel
opments in the industry accounted for this prngress. 
including: 

(a) Introduction of .. tatistical process control into 
tile forging proces~: 

(hJ Production of even mMe finel; tolerated forged 
components. dispen,ing wholly or partially with further 
machining: 

frJ Worl.ing in co-operation with rhe cuqomer·~ 
engineer,. designing the form :if forged components 
w uh artenrion focu,ed on later load' in order ro 
cn,urc rhar rr.ax1r.111m load-hearin(.l capaciry 1s achic\ed 
with mm1m11m wcighr and 11,c of marcrial: 

re:) h1rrhcr dcH:lopmenr of CAI> ,oft ware 'J1ecific 
ro forgir.g. wuh imprnved rran,fer to the CAM pha,e: 



(t•) Reducti~)n of costs for t!eat-treatment of Lrged 
compvnents through the use of new steel materials. 

The forging industry in the Federal Republic of 
Germany· is confident that its endeanlurs will mah· an 
appreciable imprtl\ement hl 1.ompete against substitu
tion by ;;. \·ariety of different materials and processes 
in the forged components area. 

(I) /t1Jia 

The past fi\·e years hne witnessed a revolution in 
the automobile industry of India. A new generation o~ 
\·chicles. including heny. medium and light commer
cial \·chicles. passenger cars and two- and three
wheelers. are now to be seen on Indian roads. What is 
significant is that the technological growth in the 
automoti\·e sector has relied heavily on foreign par
ticipation. mainly that of Japan. Today all of the large 
Japanese vehicle producers ha\·e established manu
facturing facilities in India in collaboro.tion with local 
panners. Besides automobiles. various otner uses of 
forgings such as defence. railways. nuclear energy. 
aerospace etc. ha\e also made use of new technology. 
The net result ha::: been a stepped-up demand for 
close-tolerance forgings. which require either mini
mum or no machining allowance. An idea vf forging 
production for the major markets or end-uses in India 
in recent years can be obtained from table IV.107. 
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Forging industry output has risen together with the 
benefits of upgradeJ technology. While until a few 
years agu :he production of medium and large forging 
units in the counlry amounted to aboul 150.000 
tonnes annually. it rose to about 210.000 1oi1nes in 
I 98R. In addition. small-scale sector in India has 
forging units with a fixed capital imestment of le'' 
than S350 milli1m. '.\fany 'mall-scale units are in 
operation all o\·er the country. pn:duminantly catering 
to lhe higt.er demand for low 1e.:hnology and low
\·alue i1ems. The production of these unil' amounts to 
as much a' .lo per cent of tile l•llal forging output. In 
addition. some of the large original eljuipment manu
facturer' ha\e their o" n cap11n: forge ·;hop' through 
which they m1:e1 their internal forging reljuiremcnts. 
The Indian forging inJu,try j, fairly large and well 
di\er,ified. and i' now mc~•1'1g aim•"' the en1ire 
demand of forged pr••duch 111 the countr~. 1h11' 
.:ontrihuting I•• the: 1mport-,11h,111111i11n effort 

·\, in the c;1·.c ••I forgmµ ind11,trll"' 111 , •I her 
co11ntr1c' . .:11\t .. rncr demand' arc l"hangmg 1n fo\t1:ir 

n! h1gh·perlnrn~ann·. I· m w c1µh1 and .:11,t ·l"ffc:..:ll\ •• 

pn,duct~. !'llew manufacturin!' technologies :-nd prn
cess.:s emph;..size. for e . .,;ampk. precision casting. 
powder metallurgy. plastics and ... omposites as alter
nati\ es to forgings. According to the Association of 
Indian Dwp Forging and Stamping ladustries. the 
Ford '.\1otor (\1mpa!ly has reduced the steel content m 
its cars by about 31 per cent during the past few ~·ears 
by adopting newer technologies and incorporating 
prJducts made out of p:astics. composites and sintered 
materials. 

(g) Japan 

According to the Japan Forging lndustr~ Associa
tion. the forging production volume of Japan recorded 
steady progress :Xtween 1987 and 19li9. Output was 
1.73 million tonnes in 1986 and 1.79 million tonnes in 
1987. and wuh a production m!ume of 2.05 million 
tonnes. a new record wa:; achie\·ed ir. 1%8. This was 
due to an unprecedentec:! boost from the domestic 
economy in 1988. brol'ght about by increases in 
personal consumption. plant and equipment in·:est
ment and housing construction. as a result of the 
strong national go\·ernment policy of stimulating 
domestic demand. Table IV.108 pro\·ides data on the 
shipments of drop. press and upset forging products 
to various end-use markets in 1988. Howe\er. a 
certain amount of uncertainty exists for the forging 
industry. For example. the automobile industry. which 
represents 63 per cent of the whole market of the 
forging industry. established pro<lucrion bases in 
overseas countries se\·eral years a;,:o. and has been 
steadily increasing production. lhe Japan.:,;e forging 
industry is thus ancertain as to how Japanese auto
mobile manufacturers in countries oversea3 will r:u
cure forged products in the future. lJncertaint~ also 
exists with regard to prices. Major industries using 
forged products were seriously affected by the •wo oil 
crises of ;973 and 1981. and by th.: rapid appreciation 
of the yen following the conference of th.: fa·e major 
industrialized countries in 19S5. This forced them to 
impvse severe price reductio'ls on the forgin.i; industr} 
over a long period. As a consequence. sales prices 
ha\·e been showing a slight downward trend. which is 
also of great interest to ihe forging industry in Japan. 

Another area of industry concern is the employee 
environment. C"mpared with other branches of the 
machiner} industry. the occupational em·ironment ,,f 
the forging industry is very poor and the work 
involved is more physically demanding. This makes it 
extremely difficult for the industrv to auract new 
employee'. particularly younger people. and the a\crage 
age of employee' thus increases. To re,ohe thi' i"ue. 
the Japanese industry has begun to introduce mecha-
11i1a1ion Ir• the manufacturing procc ' of forged 
products to the grl"1te'il extent possible. Thi' has 
emailed the u'e of automa1ton and lah«>ur-,a\ ing 
machint"r}. At 1h:: same time. the indus1r~ •ccogni1e' 
that it can improve factor) la) out and the rn;11nten;incc 
of narural green area'. 

The .. 1ructure of the .lapane'e forging :nJu,tr~ 

compn'e' mainl~ medium and 'mall entcrpn'e' that 
11perate a' ,uh-cnr .ractor'. The'e 'mall firm' ;ire 111 ;• 
rathl'r w;:ak po,iti11r. with reg;ird 111 all a'pcct' of 
cmpl·•~mcoit m part11:11l.1r th1· w .. rk·f11n.:e. f;u:11i11c' and 
fund,. \;c\crth..:k". the tr;1dc .1""i:i;11111n hcl1c\c' 111;11 
lt1r):111g ,, .ir1 111.lll'.:., rhat ha, ;1 grc.11 rc,p11r1'1h1h1~ 



t*l' 1qoa. ai-U l( •• Km - !lllHt faiy 
b end._ 11rbts ii .!H. lHI 

----

Dd'11Sot llllbts Frrrous 1!211-femus IgUl T0111119' 
lillian TOllll!S lilliaa 

!ell ye 

r.t;isU w llldliaery Md 
~i.Di; •tt.ri.r s;u l20 260 u 

llcbimry for ai.aaq, 
rMI llll.ildi91; ,.; 
amtrlrtioe 2Cl.2 li2 lOC O.l 

• iaalbnl llldliaery 
.. fislllr} 101.7 55H' ll.2 

tools 19.l ll 44, 0.02 
Mt.iii le 2 219.6 l 291 2Ui au 
c:a.rcw QZS -biqcles 71.6 szm 11.6 
llilwys 32.5 17 575 0.2 

Sllips - llirbollr iasWUtiaa 6t.9 056, ?.• 
MnpU.S t7.t l 213 2S.l 
Otlla: 12S.t 71 tao 35.l 

'l'O'flL l 417.0 2 Oll 61' 110.t 

B!ll: ~ l'oiqillj I.mtry AssacUti•. 

and an important role in the machinery industry. 
Thus. the industry intends to concentrate on cost 
reducti•m. technical improvement and new product 
den~lopment. largely in co-0pcration with end-using 
industries. Some of the technological means that will 
be used to achieve this goal include the following: 

(a) The production of .. net-shape .. or .. near-net
shapc·· forged products at the: lowest possible cost: 

(h) The establishment of an efficient production 
and control s~stem to respond to the just-in-time 
method: 

(c) Reduction in weight of forged products. 

The application of these technologies implie~ the 
increased use of personal computers. new lubrication 
materials and methods. heating technologf and de"·ices 
for the forging process. including non-thermal refined 
steel and aluminium forging. 

(h) The Philippines 

Only two firms currently offer steel forging services. 
with a combined capacity of 10.600 tonnes. The bigger 
company. ANI Phils. Forge Inc .• is a wholly-owned 
subsidiary of Australia National Industries, producing 
steel forgings for the aut.lmotin:. mining. agricultural 
and heavy equipment industries. The forging presses 
of the company have a capacity of 2.500 and 
1,300 tonnes. with upsctters of six-mch and four-inch 
capacities and drop hammers of from 30 hundred
weights to 7 hundredweights. There is also one 
company with foreign investment capabilities wanting 
10 con~truct :i forging and roll-forming plant wi1h a 
capacity of 15.000 tonnes. The precondition. howe\er. 
i~ for them to export 70 pc:r cent of I heir products and 
to allocate only .lO per cent for local consumption. 
according to 1hc Metals Industry Research and 
Development Centre of the Philippines. 
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(i) Spain 

In the past three years. the economy of Spain has 
e\panded 1"ith GDP increases of 3.5 per cent per 
annum and "'ith increases in consumer demand of 
10 per cent per annum. Inflation has also fallen by 
nearly a half compared with the prnious period. from 
X.3 per cent in 1oxti to 4.6 per cent in 1987 and 4.X per 
cent in 19XX. Concerning the forging industry. deli\eries 
of drop forgings increased by approximately 12.x per 
cent in I 9X6. 4. 7 per cent in I 9X 7 and 6.3 per cent in 
19XX. reversing the descending trend of previous years. 
This change. which is reflected in Table IV.109. is a 
result of increased demand in the automoti\·e industry. 
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the main cust,,mcr ,if the forg!ng industr~ _ .-\uto
m,1bile pr,iductilln has !!•'nc up by ab,iut .JO ~r cent 
since 19Sb. reaching I. 7~~.261 units in 19SS. Other 
\chicks prnduccd in that year included 2S.S.l-:" lllfrics. 
t>t>.000 \ans and . .p_9•r off-high\\ay \chicks. Strnng 
d<imcstic demand at the :-amc time increased \chicle 
imp.ins in l 9!i!i. with a market share nf abuut 3.~ per 
cent in cars and ab11ut .JO per cent in lorries. 

Other branches such as mining. publi.: \\lirb. 
cunsiruction and railways haw also im:rc;.scd their 
demand for forgings. .-\gricultural machinery and 
shipbuilding haw both remained at kn.ls more or less 
unchanged. whereas defence deli,crics and pi~\h1rks 
ha\c been declining. Similarly. sewral clnsurcs occurred 
in the steelmaking industry. 

After remaining unchanged in I 9!it>-19S7. prircs 
started to increase by about 25 per cent in 19l'tl\. bcn 
\\ith the increased dcfacrics. there remains a str.ing 
le\el of competiti\·cness. Tntal employment has been 
reduced by 15.S per cent in the past three years. being 
now around .J.2ti3 cmpf,1yecs. a figure that belier 
matches the needs of the industry. 
~ew in\'est!l'ents ,1ccurred in 19Xti-19!i7. with the 

intniduction of CAD systems. the updating of quality 
procedmes and new heating equipment. Quality con
trol and more highly-trained management ha\e also 
been introduced. 

lj) Swcckn 

Since 19!it>. the structure 11f the Fnrging Gniup in 
Sweden (Swedeforge) has undcrgllne several essential 
change:-. O\'akll Steel. the largest mar.ufacrurer of 
engineering steels in Scandinavia. has acquired the 
two largest forging rnmpanies. Krista Smide and the 
forge llf \'oh-o Company. The group now compri-.es a 
total of 1-l member,_ The total production of forging 
in S\\eden was 65.XOli tonnes in 19!i6. In 19!i7. it 
increased hl titi.tiOO tonnes and in 19XX to 70.JOO 
tonnes. Further details on forging output for l'il\X 
appear in table IV.110. Inputs to the domestic 
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automoli\'e industry (Volvo and Saah-Scania) reflect 
the steady growth in the production of forgings: they 
constit111ed X5 per cent of 1he tonnage output of the 
Swedish die-forging induslry in 19XX. 

Despite increasing production. the Swcdi"h dic
forging industry has problems with profitability, 
mainly hccausc of the: rapid increase of steel and 
alloying prices since (')Xti. Increasing impnns of lo\\.· 
priced forged gomb into Sweden has also helped to 

k.:ep prices down. Investments in the forging industn. 
during this rc:ritid ha\ c been about .. per cent of 
turn,ner. :\ maj11r part of these in\estments Cn\erc:d 
replacements llf ,i(d el.juipment. \\ith<itll im:rea,.ing tht.· 
pr,iducti<in capacity. Some of the imestmenh related 
t<1 the impr,ncd manufacture nf die .... particularly the 
introducti<in ,if C.-\D/C..\'.\1. Other efforts at tech
n,ilogical inno•:atinn rdated t<i better 4ualin. -c.introl 
capability and statistical process c•intnil. quality 
cnntrol in purchasing materiais and dies and in die 
manufacture. process c•intnil and short lead times for 
forging dies and prototype dies. 

(k) l "nitt·d Kingdom 

In J9St>. forg;ng dcra1and in the l.'nitcd Kingdom 
reached an all-time lo\\_ H,,we,·er. acti\ ity in tr .. l' nitcd 
Kingdllm forging industr\" has showed rcma1 kablc im
prtl\"ement since 19X7. and this has bec:t ~ustained 

through 19!iX and well into 19K9. as retlected in 
table l\".111. Following the upsurge in mid-19X7. the 
tlltal for that year reached 223.000 tonnes. a :!l' per 
cent increase. Most of this increase was due to 
impr.wcments from closures and rationali1ation. One 
wry notable feature of the past two or three years has 
been the estat!i,.hment of Japanese automoti\e manu
facturing in the Cnited Kingdom. Nissan is already 
pwducing ,-chicles: Toyota has committed itself to 
producing \·chicles by 1991: and a third possibility 
c11ists with '.\1a1da. Honda already ha., close links and 
joint \·entures \\ith the RO\·er group. Other auto
moti\c: plants in the llnited Kingdom are l 'nited
Statcs-ow ncd and one is French-owned. 

Another substantial contributory factor during 19X7 
tn the impnl\·ed performance of the independent 
forging industry has been the decisi•'n by two of the 
largc:st motor manufacturers in the l'.nited Kingdom 
to close their in-house forging faciiities. with the result 
that a considcrahle tonnage became a\"ailahle to be 
met by the independrnt industry. Thus output in 19!iX 
continued along the same pal!ern h! o\er 2ti 1.000 
tonnes. a 17 per cent increase. The rate c.f acceleration 
in 19!i9 ha~ not been quite so rapid. and end-of-year 
figures are still not a\'ailable. The best estimate is that 
19X9 will resu!t in an output of :!li0.000 tonnes. 
rnnsiderahly abO\·e the low of I 9X6. It is significant 
that expons of forgings from the United Kingdom. 
which now account for almost 20 per cent of total 
production. have been rising during the past three 
years at a faster rate than production as a whole. The 
fact that United Kingdom forging:. arc competiti\c in 
,1verseas markets is a sure indication of the new-found 
efficiency and price competitiveness of United King
dom forges after the harsh years of recession. 

With regard to new in\'estments. United Engineering 
and Forging. the largest group of forging wmpanie" 
in the United Kingdom has made suhstan!lal invest
ments in new computer-integrated die shop facilities 
and the installation t!f computeri1ed numerical-control 
machining centres to supply mechanical wmponcnts. 
Ther.: has also heen investment in an additional ti.000-
tonnc press and a new -l,000-tonne dedic;11cd pres" line 
for spindle forgings. Another of its plant\ spcciali1ing 
in the manufacture of automoti\c conneciing rods has 
in\'c:,.tcd •n new high-speed specialisl hammers, incor
porating techniques for improved weight control. 
consistency and closer-to-tolerance forging,.. 
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Although the automoti\·e industry. which includes 
cars. commercial vehicles and agricultural \·ehicles. 
still accounts for almost two thirds of total forging 
output. it is interesting to note that this industry is 
gradually losing its percentage share. while others. for 
example. machinery. industrial engines and general 
mechanical engineering. are increasing. The aerospace 
industry is also imponant. and although the United 
Kingdom's tonnage of steel forgings for this indust.·y is 
small. it is estimated that total deliveries to the aircraft 
industry. consisting of steel. aluminium. titanium and 
nickel alloys. represent between 15 and 20 per cent of 
the total national industry turnover. In additi<m. the 
current airline re-equipment programme is likely to 
have strong growth certainly over the next decade. 

(11 L"nited StateJ and Canada 

After several difficult years for the entire metal
working community. d resurgence of economic ac!ivit~ 
has taken place in the United States and Canada. Over 
the past three years the dollar volume of total forging 
industry sales has risen from $2.4 billion to $2. 75 billion. 
a 15 per cent increa~e. Even more significant arc the 
ferrous tonnages for custom impression-die forging,, 
which represent the largest segment of the Sorth 
American forging industry. From 19X6 to 19XX this 
tonnage increased by )6 per cent from 049.000 to 
XXJ,000 tonne,. Dollar \olume for this inc.reasc was 
up 25 per cent. which demonstrates the co:npetiti\e 
factors existing in the marker. htrther daw on the 
output of separate products appe.1r in tahle I\'. I I~. 
Olfsht1re import- of fcrrou' forgings c.:onrinuc lo hold 
a 'lrong po,111011. laking an e'lllnated ·'·' per l·ent 111 
.ir1 C\panding I n1ted Stare, ;ind ( "111ad1;1n marl..ct rn 
l'>XX. While.: thal 'hare 1' do\Hl from the h1~h of .1<1 Pl'f 
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cent recorded for 19X6. Canadian forging prtiduccrs 
have expanded lhcir ferrous forging output by 14 per 
cent. 

Significant efbrts ha\e heen made b) the Forging 
Industry Association to upgrade existing technical 
education course' for employees. including the cnurse 
entitled "Basic principle' of forging die des1i'n". and 
in statistical prm.:css conlrol and pr11d11ction planning 
and conlro!ling systems. In addition. two riew cour,es 
h;~vc hcen created: namcl~. "First-line supervi,or~ 

de\ el11pmcn1" and "Cnmputcr-aiJed engineering". The 
h1rg1ng lndu,tn A''ociat1on feel' that lhe'e •.\ill 
continue: to mah· a posill\ c contrih1111on lo in;pro\ c
menh w11h1n lht' fnrgrng ind11,1r~. llcnl·c thc:rl· scenh 
re;1,11n 111 hdint·' lhal the lt1rg1ng rnd11,1r~ 111 the 
I :nilni S1<11c, and Canada will c11n111111c '" rrcon·r. 



I Ill) E11rof(1rgt• 

.-\s noted earlier. hm>t".•rge is a Fur,1p.:an frdera
ti,in .:,'mprising forging as.;,,ci3ti.ins fr,,m se\·en c•rnn
tries: Belgium. Fr:m.:e. Federal Republic ,,j Germany. 
Italy. Spain. S\\.:den and the l '.nited l\.ingd,,m. The 
Eur,,pean forging inJu~try ranks first among Je\el
,,ped market econ,,mies b.:fore th,,se ,,f Japan and the 
l"niteJ States. The main diem ,ii this basic industry. 
\\ith a production ,,f about 3 billiun Eurnpean 
Currency L'nits (ECl'.s) in 1988. is the automoti\·e 
industry. v·"ich consumes more than 50 per cent ,,f 
total producti,,n. '.\1:my vital par•s of cars. for 
instance. steering a;id transm;ssion parts. are forged. 
Technical innO\·ation and strong competition frnm 
other ·echniques helped to cut costs while production 
increased in 1987 and 1988. Denmark. Greece. Ire
land. ~etherlands and Portugal. although mo:mbers of 
the EEC. arc not mentioned in this context since they 
ha\·e no sizeable forging industry. 

J. Medium- and long-term outlook 

Most forging comiJa-:ies are caught up in a trenr1 
towards specialization that startea several years ago 
for technical and economic reasons. This specializa
tion is based on different factors such as the shape and 
rnlume of the piece. the size of the order. the 
custo:~1er and the manufacturing methods. In certain 
applications alloy steels are replacing lv\\er-quality 
grades. Parts are also being given more and more 
complex shapes and they tend to be lighter. 

The medium-term prospects will depend directly on 
the technological options adopted by the automotive 
industry. Technol,1gical changes may well result in 
some new customers opting for forged products. even 
though other technique~ ha\·e been used in their place 
elsewhere. If the~e technological changes are not 
realiz::d. competition between the different manu
factt•ring techniques will go on. 

The long-term prnsp.:cts nf technical and economic 
competi•ion from other manufacturing techniques has 
spurred forging firms to ever-greater advances. In 
some countrie~. such as the Federal Republic of 
Germany and Belgium. they have to maintain a 
tonnage production that has ~tabili1ed over the year~. 
while elsewh.:re firms arc trying to keep production 
from falling. The forging market i~ open t•J p..:netra
tion from rival techniques and the qruggle that has 
been going 11n is far from ovi:r. In the sub-contracting 
husiness. where relations with customers are para
mount. a certain geographical proximity has always 
been a factor. Import~ from as far afield as Rra1il are 
now heginnmg to appear on the scene and other 
countrie~ may well have designs on rhe European 
markr:t. The forging industry. howe\er. has raken a 
numher of measures in rrspect of quality. produc
ti\"ity, 'er\"ice and cmh to meet the~e challenge,_ 
Concerning the implicatiom oi the ITC market after 
1992, more competition "ill he fac::d hy the hm>pean 
forging indu,try: however. con,iderahlr additional 
opporlllnities will ari'e. Th me companie~ which analyse 
and exploit the opportuni11c' as well as the ri,ks. and 
which develop :1 'trare~y for rhe future. will in all 
prohahilil) henefir. 

H. Petroleum refining (ISIC 3530)* 

Gro"ing demand and changing product spt-cification 

\tarkct ctinditi,,ns for the \\Mid refining industry 
showed a marked impwvcment in t91N. exte1.ding 
inh' the early m<111ihs of 1990. r,)r the first tim.: since 
the crude 01! price uphca\ab ,,f 19-3. th:!r.: are signs 
that the upturn in the cc.momics oi the r.:fining 
industry will be mllfc: than tc:mporary. The mai.t 
factors behind the impron:ment are as follows: signi
ficantly increased demand for refined pwducts. \\ hich 
has l'ushd up p:ant utilizati,m rates: and product 
prices that ha\·e been generally firm. while crude nil 
prices ha\·e been low enough to gi\·e poo;iti\e margins. 
Growing demand for unkaded p.:trol is a continuing 
contributor to higher yiell~.>. and there has been a 
notable strength in most rroduct prices. 

I. Price and profit conditions 

Squeezed between OPEC crude prices and competi
ti\"e product prices. oil refining has been a distressed 
industry for most of the past 17 years. Problems 
stemmed from the oil price rises of the early 1970s. 
which came at a time when refiners were expanding 
sharply to meet anticipated growth of demand. The 
demand slump which followed the price ri"es left th.: 
industry with a huge surplus of distillation capacity. 
Refiners accordingly competed to process the incre
mental barrel and were happy to do so a~; long as the 
selling price of marginal barrels c·J\ered the direct 
costs of crude. fuel. catalysts and wear and tear. 
Refinery runs. th"!refore. remained high. although 
demand was slack. and product prices were low. 
ref\:cting the underlying surplus. 

What changed in the course of 1989 i~ that 
utilization rates for comersion facilities. used to crack 
fuel oil into light products. increased to near maxi
mum. and this trend is holding intn 1990. With 
refinery throughput effecti\ely limited b) the capacity 
of comersion facilities. refiners have for once not been 
able to oversupply the market. Light-product prices 
ha\"e therefore remained high. despite period~ of 
relati\ ely low prices for crude oil an<l cracker feed. 
The result has been positi\e and at times •.ubstantial 
margins for upgraded refineries. This has been true in 
all three of the world's main refining centres. namcl) 
Rottenlam and Antwerp. the Houst.in arc:a and 
Singapore. Calculations 'how that since 1hc heg111ning 
of l 9H9 margin' ha\"e ranged from S•>me SO.XO per 
barrel 10 a \ery 'atisfactory $4 per rarrcl in the I: ni1cd 
States. with a range •>i SO.JO per barrel to SJ.50 p1•r 
harrcl for an upgraded refin1..ry in We,1ern Europe 
[44j. Tahle l\'.l IJ prn\ide' a comparison of price 
le\ els and !he price rario' of refined products to crude 
from 19HO to 1989. 

Retinerie' m oil-produ1..111g countries. most!) con'
tructcd in !he late 19""0s ;1nd earh 19HI". 'hared in !he 
,1rong margtn,, although 11 i' hkch that !hey benefited 
les' than fa..:i'lttics located ne<arcr rhc cenlrcs "f 
demand. lr;1n,'por11ng refined prod1Kh l' more .:"'ti\ 
1han rran,porl'tng crude a' pr.,duct ranker'. wh1..:h 

•1 ~I()() .11..l1it.1ld'-'kd)ll" .. lhL' ... ~nu1h:111.1n •f \t C)a111l.u11. I ,t;1 11 r. 
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need to meet shallower draught limits. are smaller 
than the \"ery large and ultra-large crude carriers that 
ship crude between deep-water ports. On the other 
hand. the producing countries benefit from ha\"ing 
relati\·ely modern and generally large refineries. and in 
some countries gas is made available as a process fuel 
at an artificially low price. The exact posiiion of the 
operators in producing countries therefore \"aries from 
refinery to refinery. 

fwo factors are behind the increased load of 
conversion facilities. Increased demand for refined 
products. a reflection of strong economic growth in 
many countries. has had its greatest impact on 
consumption uf transport fuels-gastlline. diesel andjet 
kerosene. At the same time. sharply growing sales of 
unleaded petrol in Western Euroiie and the United 
States are forcing refiners to squeeze mNe octanes from 
their throughput. by cracking reforming. alkylation and 
1somerization. to make up for the boost that lead 
additives used to provide. ;r a downturn in major 
economies can be arniaed. the signs are that the 
trends will be similar. rknce the view in the industry 
that the improvement in trading conditions is more 
than temporary. 

1. C opacity utili :at ion 

Operational st~tistic~ for the relining industry confirm 
the recent upturn. Data for 19X7 (comprehensive 19X9 
figures are not yet available) show that utilization of 
distillati.rn capacity increased from 7J per cent in the 
previous year to 76 per cent in Western Europe, and 
from 8.l to X4 per cent in the United States. In East 
Asia. where buoyant economics are hehind the fastcst
growing oil products market in the world. utili1ation 
incrcaseJ from 7.l to 76 per cent. Further data on 
capacity, throughput, output and utili1ation appear in 
table IV.114. Figure IV.17 shows price variations on 
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the Rotterdam spot market over the period 19741989. 
Although the regional average figures indicate a 
continuing surplus of capacity. the signs "'re that 
refineries with adequate upgrading facilities. in the 
main owned by the major int::rna:ional companies. 
arc working at significantly higher loadings. Shell 
reports that its distillation capacit~ world-wide has 
been operating at a remarkable 91 per ;:ent utilization 
rate, while Bmish Petroleum says its distillation 
faci!'~ies have been running at an X7 per cent rate [44). 
Data on loadings of conversion facilities is scarce. but 
British Petroleum reported 94 per cent utilization 
during 1988 and Chevron X9 per cent [44). 

Subsequent consumption growth has given a further 
lift to utili1ation rates. which in the lJnited States, 
according to the American Petroleum Institute, are 
now rising towards effective capacity. Taken together 
with the continuing rise in imports of relined products 
into the United Stale,, it i\ heing forecast thdt the 
larges! oil market in the world will soon need a 
suhstantial addition toils refining capacity. 

Data on refinery con,trucuon pr•11ech indicate that 
such additions arc not in prospect for the llnitcd 



Figure IV.17. Oil and refined product prices. 1974-1989 
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State.>. but rising demand in that country is stimulating 
capacity growth elsewhere. In particular. projects in 
the Caribbean and South America are aimed at the 
United States market. Coastal has plans for a new 
refinery on the site of the old Exxon refinery at 
Aruba; another new refinen at Aruba is under ~m1dy: 
and Venezuela is pursuing a new project. Interestingly. 
these refineries will produce. among other products. 
fuel oil for the I :nited States market. giving a boost to 
the trade \\ hich led to the dc\·elnpmcnt nf l 'nited 
States offshore refineries in post-war years. hut which 
declined in the early 1980s owing to the fall in demand 
in the 1;nited States. lJnitcd States imports of residual 
fuel arc rising sharply as a result of higher demand by 
electricity utilities. The ;idvantagcs which led t•> the 
gro\\th ,,f Caribbean refinin!! in proximity to the Ciulf 
of Mexico and the United States coast. access to (peal 
and Western A .. ia crudes and competitive 1>pcrating 
cm!' still app1y. which makes a resurgence in regional 
import inc.: seem highly likely. 

Perceptions of a shortage of refining capacity. 
together with more sat1sfac!11ry margins. seem to he 
behind a brake on the willingness nf 1;nited State, 
refiners to sell interest m their opcrntinns 111 the State 
companies of oil-producing countries. I :p tn n1>\\. 
however, the main focus of attention for the prnduccrs 
has been Western Lu rope. \\here margins arc usually 
lower and where com pa me' arc more \\ illin!! to sell 
stakes in their operatiom. Thi' applie., particularly 
to refineries without suh.,tantial upgrading facilities, 
which have been operating at much lower margin:-. 
than thme mentioned above. Kuwait, l.ihyan 1\r,1h 
.lamahiri~.;1 and Mcxiw have rcfinmg and markctin~ 
ventures of some ye;irs .. tanding in Wc.,tern !.urope, 
\\hilc Vene1uela has inlen.:'h in tlw I ini1,.r1 Stair's. and 

Saudi Arabia has ac4uircd a stake in Texaco d•n\ n
strc;1m llperati1111s in the l"nitcd States. The OPEC 
member nwst keen tn a..:t nlnl is ~ igeria. \\hi ch is 
seeking lll ac4uire e4uity stakes in four l "nited States 
and l\\ll Western Fu•opean r;:finer-. \\ith \\hich it ha:< 
pnicessing links. While l "nitcd States refiners are 
c1Hicerned ;.-bout tight di-.tillation capai:ity. it is the 
a\·ailability <lf <lCtane capacity which prenccupic-. 
We~tern European opcrawrs. 

3. Rtant trtnds in refinery product.~ 

Changes have occurred in recent years concerning 
the relati\e importance of refinery products in total 
refinery output. as shown in figure I\". IX. Further 
data are prmidcd in table l\".115. The gnrning 

Figure IV.18. World output of relined products, 1987 
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enthu-.iasm of Western Furope;111 motorists for un
leaded petrnl h;1s coincided with an increa'c in total 
petrol demand. placing h1gh-11ctane -.trcams at a 
premium and pu,hing up the price <1f methy I tertiary 
butyl ether (:'v1TBl'l. the main octane impro\er for 
unleaded pctrnl. Although unleaded petrol ;1lrcady 
accounts for a high share nf the total petrol market in 
some wuntrie'. notably in the 1-"ederal Republic of 
(iermany (now nearing three 4uarters 11f total salcsl. 
Austria. Switterland and Si:andina\'1a. sales arc still 
e\panding elsewhere. The indu,try e\pects that s11m.· 
twn thirds of petrol demand in Western l'uropc will 
he unleaded hy the mid-199!h ... harply increasing the 
demand fc;r or:tanes at the refinery 14~1-

Therc is an11ther de\elopment increasing the pre.,..ure 
on oi:tanc 1111ih in Wc .. tern Luropc. name!\ the 
i111r,,d11ction of premium-~rade unleaded in a n11mher 
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of countries. In line with the EEC directive. Euro
grade unleaded of 95 research octane number is being 
made a\"ailable throughout the EEC. Howe\"er. in the 
course of 1989 and early 1990. a number of companies 
have begun marketing a 98 octane .. Eurosuper" grade. 
first in the Federal Republic of Germany. and 
subsequently in France and the United Kingdom. The 
product seems to be meeting a demand, with Federal 
Republic of Germany sales of premium unleaded 
nearing 50 per cent of total unleaded sales [ 44 ). 

In the United Kingdom, British Petroleum says it 
expects its Super Green to find a niche market. mainly 
among users of high-performance cars. Howe\"er. in 
the United States. where there is a wid:r choice of 
gasoline octane ratings than m Western Europe. 
market analysts know that consumers will pay a 
premium to buy a higher grade than their vehicle 
actually needs. hence there is a likelihood that 
unleaded premium will develop into a significant 
product for West European refiners. In consequence. 
there are f.lrecasts that the average octane rating of 
Wes;ein European gasoline will increase progressively. 
from some 92 octane al present to 9) by 1995 and 
higher \"alue~ afterwards. 

Producers of MTBE in the oil-producing countrie~ 
as well a .. in Western Europe and the linited States 
"ill be the main beneficiaries. with prices already 
having reached record levels. Ind11s1ry data shows that 
the Western European \pot price for MTBE increased 
from about 1.5 times the price of motor gasoline 
during most of 1988 to a ratio of l.X in 19X9. High 
prices for MTBI'. will spur ne" con,truction project\. 
so that price' arc likely to moderate when additional 
capacity i' on \!ream. 

F11r refiner' in h1'1 Asia. 'trong ckmand growth 
held off "hat could 11therni'e have heen a halllc for 
increa,cd market 'hare,. ~"" refincr:e-. in the :'Iii(\ 
had ht•en 'een a' a threa! In the expo..r refiner•; of 
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Singapore. hut the strength of demand has allowed the 
new refineries to find -. market. while allowing the 
Singapore operaturs to run at nearly run capacity. 
This is all the more remarkable in vie\\ of the large 
flow of refined products from the new Western Asia 
refineries to East .i\sia. 

The next challenge for the Singapore operators is 
likely to come from Japan. whose refiners ha\·e been 
subject to go\'ernment controls that are being eased 
and which are due to be lifted "'ompletely ~y 1995. 
With capacity of just O\er 4.3 million barrc!c; per day 
and utilization running at less than 75 per cent. the 
Japanese operators ha\"e the potential to win overseas 
sales. First. howe\·er. they will need to im·est heavily 
in com·ersion facilities. Fifteen of the country's 
39 refineries are without catalytic cracking facilities. 
and capaciti~s of crackers in use are often small in 
relation to distillation capacity. Reforming capacity is 
also low. and there are only a dozen octane units. for 
alkylation and isomeri1ation. in operation. This con
figuration reflects the relati\"ely high demand for fuel 
oil in Japan. where the p1oduc1 accounts for 34 per 
cent of total refined product sales. against some 20 per 
cent in Western Europe at present. The importance of 
fuel oil to Japanese refiners is great~r e\"en than these 
figures reflect. as large \'olumes of naphtha. kerosene 
and petrol are in.ported for the domestic market. 
P:oduct imports are increasing strongly. following the 
phased lifting of trade restrictions on petroleum 
products. 

4. lnvtstmtnt prosptcts and capacity adjustmtnt 

The need for continuing investment is a feature of 
the industry. regardless of location. The main factors 
involved are as follows: the changing structure of 
demand for refined products. changing specifications 
for products. and new en\'ironmental considerations. 
There is also the changing importance of the refining 
industry within the world oil industry. Moreover. in 
the longer term. the industry will need to react to the 
expected increase in the a\·erage gravity of world 
crude oil production and the correspondin!! increase 
in sulphur content. 

(a) Prnducr demand 

The changing structure of demand for refined 
products. in particular tl>e steep decline in consump
tion of fuel oil at a time "hen consumption of petrol 
ha' continued to increase, is th.: mo't fundamental of 
the challenges facing the industry. Table l\'.116 
provides recent figures on refinery product consump
tion for the major developing regions. The trend is in 
no sense new, as it \\as e··ident that there \\as a 
substantial imbalance bctw.:en the llUlpu1 slate of a 
com·cntional refinery and the demand slate of the 
market a~ long ago a' the mid-1970s. Countrie\ with 
practical alternatives to fuel oil in clectncitv genera
tion aud indu,mal use. such a' the l 'n11cd States. had 
acted lln the imbalance even earlier. 

Rut what continues to surpn'c the industry i' the 
extent ro "hich the trend ;may from the heavy end of 
!he harrcl. and m f;l\our of hghr product,, ha' run. 
hen after a decade of e\pen,nc 1111. fo!lnwcd by a fr" 
year-. of moderate pri.:e,, 1.01hu111e1s .11c still fiuding 
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opportunities for in\'esting in order to buy less. 
Relat;•ely inexpensi\'e oil of the past few years seems 
not to ha\·e discouraged spending on conser\'ation. 
and oil seems to ha\'e reco\'ered little of the market 
share it has lost to other fuels. Only in the transport 
branch is there no practical alternative to oi!-deri\'ed 
fuels. Although fuel consumption per \·chicle-kilo
metre has impro\'ed \'ery significantly since the mid
l 970s (and further substantial impro\·ements can be 
expected as a result of the intr0duction of ceramic 
engine components and lean-burn engines). rnlume 
sales in this branch ha\·e continued to increase. 

(b) Changirg product specification 

Oil refiners must therefore face up to continuing 
im·estments in upgrading facilities. particular!~ catalytic 
crackers. to con\'ert their surplus fuel oil into petrol. 
In Western Europe. in particular. the refining industry 
has been spending heavily on upgrading since the mid-
1970s (United States refiners already had a substantial 
volume of cracking capacity). Such 1m·estments ha\·e 
been very attractive financially; the "cracking margin" 
(the difference between the spot price of fuel oil and 
the spot price of gasoline) has been in the range of 
Sl00-$200 per tonne for much of this time. gi\'ing a 
strong cash-flow which has easily covered construc
tion. finance and operating costs. With the financial 
standing of upgrading projects well established. finance 
has become readily nailable. 

But the sharp growth in upgrading capacity has had 
an impact on the economics of upgrading operations. 
On the positive side. with many large projects now 
completed and engineering aspects regarded as less 
challenging than in the early days. the construction 
business has become much more competiti\'e in 
tendering for new projects. This has brought the 
capital costs down sharply. Typically, a 25,000-barrel· 
per-day catalytic cracker in Western Europe might 
now be constructed for $200 million or less. whereas a 
similar facility brought on stream in the early 1980s 
might have cost as much as $500 million in current 
value terms [ 44). This reduction. together with gene
rally shorter construction times. has had a substantial 
impact on project rates of return. 

Less positiv~ was the progressive reduction in the 
cracking margin, evident until 1989, when demand 
increased to meet supply. As more capacity came inrn 
use. the price of fuel-oil cracker feed firmed; at the 
same time. the price of petrol eased, and cracking 
profits became less exciting. As noted. this is not now 
a problem, but if demand should ease again it is a 
trend to watch for. 

Positions also differ regionally. The United States, 
with its historically strong demand for petrol and its 
availability of indigenous natural gas for heating, has 
led the way in the installation of upgrading capacity 
and now has no shortage. Western Europe has seen an 
im.-estmenr boom and major projects are now com
pleted, most recently the catalytic cracker at the 
Mongstad refinery of Statoil. Shell is now operating 
its Hycon unit at Rotterdam. describing it as the first 
of a new generation of conversion facilities. At a 
capital cost of $5!!5 million, it cc:nverts 4.000 tonnes 
prr day of residual fuel oil entirely into distillates. 
Abo at Rotterdam, Esso has a Flcxicoker in opera· 
lion. c.invcrting 32,000 harre!f. per day of hea•:y 
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n:sidue intn light pr.)duct (70 pc=r cent nf the ~ieldl 
and cnke (.lO per centl. The regi,mal emphasis seems 
ll) be shifting tll East Asia. where upgrading prnjecb 
are in the engineering stage al the Singapnre refineries. 

(c) Enl"ironmt•ntal om~idaationJ 

Tightening ennronmental controls on refiner~ opera
tions (as distinct from product controls) are annther 
influence on im estment. In the l'.nited States and 
Wc=stern Europe. regulations governing air. water 
quality and noise ha\·e been made= progressively more 
stringent. and in some countries. nota:.ily the :'llether
lands and Belgium. are about to bec,>me even more 
se\·ere. Esso in Antwerp. for example. explains that it 
has had to burn low-sulphur fuel oil for many years 
and no\\ has to use a mix uf fuel oil. fuel gas and 
bought-in natural gas in order to comply with sulphur 
emission limits. Refiners accept the need for em·iron
mental controls. but they are concerned about the 
disparity in regulation-; between one country and the 
next. Operators in Rotterdam. for example. feel 
themseh"es disadvantaged in shared export markets 
compared with those in. for example. Singapore. 
where restrictions are less onerous. The Singapore 
operators are also envied for their lower wage-rates 
(particularly compared with levels in the Netherlands). 
which also gi\·e an edge in shared export markets. 

Refiners are also having to face and adjust invest
ments to meet changing specifications for refined 
products. In part these are the result of more stringent 
controls on the em ironmental impact of petroleum 
use. but there are signs that the oil rnmpanies are 
planning to place more emphasis on product quality 
in order to secure their markets from exports by new 
producers. In North America. there is a move towards 
unleaded petrol for 100 per cent of sales and a diesel 
sulphur limit of 0.05 per cent by 1994. Australia and 
New Zealand are expected to follow the lead of 
Western Europe. 

Lower limits for sulphur in diesel fuel take :.way 
some flexibility from the refinery operator. as it 
becomes necessary to run a higher proportion of low
sulphur crudes in the di~tillation intake. b·entually. 
howe\er. additional desul 1;hurization capacity is likely 
to be built. The installation of .. three-way .. catalytic 
converters on cars will accelerate the shift towards 
unleaded petrol. as such vehicles can only run on 
unleaded. and vapour emission limits on petrol 
components generally result in good octane qualities. 

(d) .\"1•11 role of the rt'(ining indu.Hry 

In addition to the forces for change discussed 
ahO\e, there is the changing position of the refining 
industry within the world oil industry. From beginnings 
as separate producing. refining and marketing com
panies. the oil majors gri:w into integrated firms. and 
~·· the 1960s and early 1970s regarded refining 
oper;: •ions almo'it as a service to their profitable 
upstream and marketing ventures. Rut the evenh of 
197J forced a change to this pattern; having lost 
control over much of their oil following OPEC' action 
during that year. they sought lo regain refining as a 
profit centre in its own right. The industry accordingly 
de-integrated to a considerable degree, with product~ 
transferred between operating companies at arm~

length price~ (equivalent 10 open marker values) and 
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cnrporate management of operating companies given 
much more c,mtrol ,wer their production than pre
\ iousl~. 

The effect of this has been to exp,lse the refining 
industr~ tn cnmpetition. which no\\ comes from 
gn\ernment-o\\ned refineries built by producing coun
tries. as \\ell as from the independent oil refineries. 
much more than had been the case in the 1971ls. Some 
major companies. therefore. have been following a 
strateg~ of disim·estment in refining. British Petro
leum. for example. has said it is happy to be a .. deficit 
refiner ... buying-in any additional products it needs to 
suppl~ its marketing outlets. h is not yet dear whether 
improved !lnancial returns in the industry ha\·e led to 
a reassessment of this position. 

5. M~dium- and /ong-urm outlook 

There are. however. signs that increasing trade m 
refined products will be a feature of the industry in 
future \·ears. This is because of a regional imbalance 
betwee~ supply and demand. Consumption of refined 
products is increasing significantly. for example. in 
Western Europe and the united States. but very little 
new refinery capacity is being constructed in these 
areas. Capacity data published ani:ally in the Sep
tember issues of the Petro!t·um Economi.H shows that 
44 per cent of capacity under construction or firmly 
planned is accounted for by export plants in Western 
Asia. Some 21i per cent of new capacity 1s in East 
Asia. where demand growth is strong. and Iii per cent 
is in the Caribbean and South America. Since under 
5 per cent of new capacity is in the United States and 
less than 2 per cent in Western Europe. these areas 
will certainly b..: importing more. 

In total. there are 149. I million tonnes per year of 
new capacity under construction or firmly planned. 
This represents an increase of 5.5 per cent on existing 
world capacity of 2.lil6 million tonnes per year in 
non-centrally-planned economies. and might be thought 
a considerable expansion. The world total in non
centrally-planned economies. however. includes a num
ber of refineries that ha\·e for many years run at much 
less than their full capacit)o. and others that are too 
old or unsophisttcated to produce a full range of the 
products most in demand. 

The new c<ipacity data can give an indication of the 
likelv shift in the distribution of world refining 
capa.city in non-centrally-planned economies (44]. 
With 217 million tni.nes per year of capacity in 
operation and 65 million tonnes per year planned. 
Western Asia will have a total of 21i2 million tonnes 
per year. equivalent to just under 10 per cent of the 
total in non-centrally-planned economies. East Asia. 
with 442 million tonnes per year planned and 501 mil
lion tonnes per year in place. will ha\e Iii per cent of 
the total. while the Caribbean and South America 
area, with 27 million tonnes per year planned and 
J75 million lonnes per year in place. will have 14 per 
cent. This leaves Western Europe. ~ith less than 
J million tonnes per year planned and 69X million 
tonnes per year in place. with 24 per cent. and the 
tJnited Stat::s, with 7 million tonnes per year planned 
and X90 million tonnes per year place, with JO per 
cent. Africa, where 7 million tonnes per year is 
planned and U5 million tonnes per year exi~t. will 
have 5 p. 'cent of r he toral. 



I. Engineering plasliC'i (ISIC 3560)• 

Gro"ing markets but danger of O\er-capacil~ 

I. C11rrt'nt sit11orion 

(al lli.-rarch.1· o( produa\ 

High-\·alue speciality materials in the form of 
engineering and high-performance plastics are i.ncrea.s
inglv finding their way into glllbal apphcatwns m 
ind~stries such as automoti\·e manufacturing. aern
space. defence. general machinery and consumer 
g0ods. These materia!s form the apex of a production 
pyramid of general plastics materials which ha\e been_ 
growing in profile since the 1940s. The de\elor_ment ~ll 
these materials has been based on their supenonty m 
substituting for older materials such as metals. glass. 
paper. ceramics and others. Ad\antageol.s properties 
offered by plastics include their light weight. resistance 
to corrosion. toughness and easy processibility. 

Nearly 95 per cent of thermoplastics consumption 
in the world is made up of the standard polymers: 
low- and high-density polyethylene. polyvinyl chloride. 
polypropylene and polystyrene. They are priced at 
under S2 per kilogram. Some speciality uses have been 
developed in this field. such as high-density poly
ethylene gasoline tanks and window frames from 
poly\·inyl chloride. Reinforced polypropylene and 
ultra-high-molecular-wc:ight polyethylene are also now 
classified as engineering polymers and will be con
sidered in more detail below. 

The main concern in the present re\iew is with the 
main group ,,f engineering polymers. including poly
amide. polycarbonate. polyacetal. polyphenylene oxide 
and polyester. They are distinguished from the pre\ious 
group by their high performance in terms of strength 
and heat resistance. The price range for these pro
ducts. which did not become established until the 
1960s. \aries from S2 to S5 per kilogram. They can be 
modified through the addition of a variety of fillers 
and reinforcing materiab and by alloying or blending 
\Lith different polymers. 

In a higher price and performance bracket than 
these are the high-performance polymers which stand 
out through their ability to retain mechanical and 
electrical properties even at high temper;itures (above 
200· CJ. They are flame-resistant and come in .the 
price range of S50 per kilogram and abo\·e. Materials 
include polyacrylate. polysulphone. polyether sulphone. 
polyether imide. polyphenylcne sulphide. liquid crystal 
polymers. flunropolymers. polyimide a_nd polyethcr
ketone. These materials can he further dmdcd accord
ing to their amorphous or crystalline state and 
consequent properties. Because 1lf the hardness of 
crvstalline polymers they arc harder ·"·caring and more 
rc~istant to chemical erosion and hca\y load. They arc 
thus rrcfcrrcd for machinery and in the automoti\c 
sector. Amorphous polymers do not shrink or warp 
and ha\e higher aesthetic value. They arc used for 
household goods. computer casing etc. 

The higher-value end of the engineering pol~mcrs 
business is of a \Cf\ small \olumc. Sale' of materials 
launched in the -19X0s such as polyether imidc. 

•I ''l;fl>O .1.-kn••"lc.t1tc' 1hc c<1rllrth111111n m.uk h\ f "' l.11111m. 
I thlnr·tn·< h1l*I. ( h''"''' rJiu 1·1·k ln11·ff111l11,111;/ 

P<'lyetherketone and li4uid cr~stal pol~mers amoun_ted 
1t1 t>nh a few hundred tonnes. Saies of pwducb hrst 
markeieu in the l'FOs. such as pol~phen~knc sulphide 
and pt1lye1her sulphone amounted 1t1 a fc:\\ thl>u-.and 
wnnes. The sales numbers are higher for pol~ mer' 
launched in the 1%0s. -.uch as polyphen~kne ,1,iJe 
and P"lyester. and again for pol~amide. polyacetal 
and polycarbonate products of the 1950s. 

( b) J>rmluaio11 an.I n111sump1ion 

In 191\X \Hlfld c\lnsumption o:· all thermoplastics was 
near!\ 70 million tonnes. Saks of the standard pol~ mer. 
including low-density polyethylene. high-densit~ poly
ethylene. polypropylene and poly\·inyl chloride. but 
excluding pol~styrcne. amounted to 10 million tonnes 
or more. The consumption of engineen. g polymers. 
however. amounted to only 2 million tonnes in 191\!\ 
or roughly J per cent of all thermoplastics. As shown 
in figure IV.19. the largest market sccwr is currently 

Figure IY.19. World consumption of engineering and 
high-performance polymers, 1988 
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in polyamide or nylon t> and nylon tlti. since thi., 
m:uerial makes a good alloy hlcnd with other plastics 
such as acnfonitrile butadicnc styrene and polyester. 
Jligh-pcrfo~manc.: plastics ha\C only a small share of 
2.5 per cent of the 11\crall plastics markets. r\mong 
these plastics. the largest single market is for pol~
phcnylcne sulphide. with about 14.000 tonne ... 

On a regional basis. figure IV.20 sl11n.\s that the 
production of engineering polymers is spread between 
Europe and the United States. v.ith one third each. 
and .Japan and the rest of the w11rld accounting for the 
res!. It can thus he clearly seen that the mal~r~als ha\c 
achieved great penetration in the highly d~\clopcd 
economics. a con .. cqucncc of applications ~n high· 
t•:chnology indu,trics. 

,.,., 
•I ' 



Figure IV.20. Wortd consumption of engineering 
polymers. by region. 1918 
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The main end-uses of engineering polymers are in 
industrial applications and the transport (primarily 
automoti\e). electrical. electronics and machinery 
industries. thanks main!~ to their good mechanical 
and electrical properties. their chemical resistance and 
their durability. Some estimates of the percentage 
distribution of these end-uses are pro\·ided in figure 
l\'.21. Transport with a 27 per cent share and 

Figure IV.21. World consumption of engineering 
polymers, i>y end-use, 1988 
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electrical and electronics applications with a 22 per 
cent share are by far the largest. Roughly an even 
share of 10 per cent is allocated to th~ machinery and 
industrial, consumer and recreational. sheet and film. 
and appliance and power-tool markets. Monofilaments 
cor~titute only 2 per cent. 

The transport and automotive industries exemi:lify 
the range of applications. In Western Europe. auto
ml,.,iles contain an average of 110-100 kilograms of 
pla~tic per vehicle. depending on the size of the car. 
Most of this is to be found in the interior trim. The 
main materials used are polypropylene. acrylonitrile 
butadiene st}rene and polyurethane. each accounting 
for about one. quarier of the total. Others include 
polyphenylene oxide and polystyrt'ne. Polypropylen,. 
is being used in increasing quantities. For example. in 
the case of Mercedes-Benz. polypropylene usage has 
risen from 0.6 kilograms per car in 19611 models to 
20.6 kilograms per car in 19115 models. In Fiat cars. 
polypropylene U\age rose from I. I kilograms per car 
in 1965 lo Jl.9 kilograms per car in 191!). But thi:. 
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subsequently fell back h> 22. I kilograms per car in 
1986. Much of this increased use has been due to the 
need to reduce the weight of automobiles and con
sequently their fuel consumption. 

For producers o• plastics the polymer high-\alue 
branch is important; it has been expanding from 8 to 
to per cent a year against fairly slow growth prospects 
for the plastics industry as ;a whole. In general. plastics 
demand is more closely linked to economic de\·et
opment. with growth curns tending to flatten in the 
short term. as economies recede from their fast 
growth rates of the late 1980s. Concern for the 
em·ironment and problems of waste plastic disposal 
are also dampening demand. 

h may bt' noted that de\·etopment prospects for 
plastics are greatest in the South. where infrastructure 
and basic cconllmic de\·elopment is at an earlier stage. 
On the other har.d. these countries. with some 
exceptions. offer the least op~munity in the near term 
for engineering plastics associated with ad\anced 
industrial de\·elopment. 

2. M011•/actllri11g capacity i11 d~ve/opi11g co1111tries 

Oe\·eloping countries are not yet highly significant 
in the engineering polymers industry. though many 
ha\·e become the focus for general p!astics production 
because of indigenous feedstocks such as gas. How
ever. several major companies from developed market 
econl mies ha\·e ambitious plans for de\·elopment in 
Asia. Of the S500 million to be spent world-wide by 
Du Pont in the early 1990s. SIOO million will be in the 
Republic of Korea. Singapore and Japan. Meanwhile. 
investments in t:1ese countries and in Brazil as well 
appear to ha\·e stimulated m·er-capacity in certain 
product areas to be discussed belolA. 

(a) Republic of Korea 

One country IA'hich has stood out in plans for 
producuon is the Republic of Korea. Plans have been 
announced for a joint venture between Enichem 
Tecnoresir1e of Italy and Kumho Petrochemical of the 
Republic of Korea for the production of 20,000 tonnes 
of polycarbonate using Italian technology. The unit 
will be at Yeochon and will be the first p.llycarbonate 
plant in the Republic of Korea. Kumoto Petrochemical 
has also set up several joint \·entures aimed at taking 
its petrochemicals business downstream. and has plans 
to produce the polycarbonate intermediate bisphenol 
A with Shell and polyamide in co-operation with 
Monsanto of the United States. 

Other companies from developed market economies 
ha\·e various Ctlmpounding faciliti~·s in the Republic of 
Korea. Akm of the Netherlands bui!r a compounding 
facility for engineering plastics based on local raw 
materials supplied by Kohap. a manufacturer of 
pol;es1er and polyamide fibres. The in\'estment has 
been inspired by the strong growth in the automotive 
and electronics industries in Asia. Du Pont is also 
building a compounding plant in the Republic of 
Korea on the basis of material to be supplied from 
Singapore. More recently. General Electric has been 
re\'iewing plans ta build a polycarbonate unit with 
l.11ckv of Seoul, as grnwth in the lJnited States market 
appears to have slowed. 



(b) Singapur~ 

Singap;>re i~ to become the focus of a major 
in\·estmcnt in East Asia by General Electric Plastics of 
the United States. It propc.;scs to build a 100.000-tonne 
acrylonitrile butadiene styrene plant by 1992. to t.-e 
followed by a 50 per cent expansion by 1995. In 
addition. it will also install polycarbonate compound
ing facilities. A J>'.Jlybutylene terephthalate project first 
slated for Spain could be relocated to Singapore. 
Following in\·cstment plans for the nylor. intermediate 
adipic acid. Du Pont may go ahead with downstream 
investments for engineering plastics based on nylon_ 
In the Jurong industrial estate it is already building 
for Dclrin a S26-million finishing plant using engineer
ing polymers supplied from the United States. 

(c) Tai11&an Provinu 

Hoechst of the Federal Republic of C · many 1s 

making a major investment in Tai\\a" Pro\incc 
through its joint ,;enture Taiwan Enginee~ .;;g Plastics. 
It is to produce 20,000 tonnes of acetyls. 

(d) Brazil 

BASF of the Federal Republic of ~many is 
negotiating a technology transfer agrcemmt with the 
Brazilian Mariani group. which is r'•""tmg to operate 
a polyamide derivatives plant through its subsidiary 
Nitrocarbono. Brazil has also become the focus for 
several polypropylene investments, some of which 
could be used in the engineering plastics sphere. when 
the demand of local industry and consumers builds up 
sufficiently. Hoechst is also planning a new poly
acetals plant in Brazil. 
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Q\·eMupply is already becoming an issue for several 
of the engineering plastics regarded only a few years 
ago as ha\ing great rrofit potential. In polycarbonate. 
for example, o\·er-supply is now a reality and ambitious 
expansion plans threaten to exacerbate this. A world 
capacity in 1989 of 586,000 tonnes can be contrasted 
against demand of 435.000 tonnes. leaving producers 
with operating rates of around 74 per cent. Despite 
growth rate forecasts of 7 per cent a year. operating 
rates could fall to 71 per cent by 1994. because of 
planned additional capacity totalling 1.2 million 
tonnes. As shown in table IV.117. Bayer. the largest 
producer of polycarbonate in Europe. announced in 
late 198S a massive investment plan to increas~ global 
capacity by 60 per cent to 270.000 tonnes by 1994. 

For polyacctal. the forecast over-capacity could 
force operating rates down to 80 per cent by 1992. as 
capacity rises to 550.000 tonnes from 380,000 tonnes 
in 19R8. As sugge~red in figure IV.22 the increase is 
partly due to snen new market entranl5 adding a total 
of 102.000 tonnes of capacity in Bra1il. Republic of 
Korea. Singapore. Taiwan Pro\ince and IJnired States. 

The supply and demand picture for the small
rnlume pol:.·phenylene sulphide is not encouraging. 
World-wide capacity wa~ 22.000 tonnes in 19K9. llf 

J 1.000 tonne~ including compounding capaci.y. Rut 
the market stood at only 14.000 tonnes. representing a 

500 

450 

400 

350 

1988 1992 
Sourctt Hoecl'lsr. Federal Republic of Germany 

45 pc-r cent operating rate. In table IV.118. poly· 
phenylene sulphide capacity is forecast to rise to 
45.000 tonnes by 1992. 

In liquid ~rystal polymers. where the global market 
stood ar under _loo tonnes in 1988, there were already 
20 suppliers. a" shown in figure l\'.2.l For poly
etherketone. with a market of .i50 tonnes in 1910!, 
capacity in Europe and the United States alone was 
set to increase from 1.250 tonnes in 19KK to 2.000 
tonnes by i992. 
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Wi1h rcspc:ct 10 regional c:\ran,ion. Cic:nc:ral Elc:ctnc 
Plasrics is planning a nc:..-. complc:' in Spain 10 
produce: pol~c:~rc:r and pol~.:arhonate. c:nricc:d h)o local 
granr" from 1hc: < io\c:rnmc:nr of Spain . .-\s of earl)-
1990. ho..-.c:\c:r. thal tn\c:,tmc:nt ha' hc:c:n under rnic:" 
in lhc light of "c:akc:ning demand from the l '.mtc:d 
States au1omoh1lc: indu,tr)o and a po,,1hJc rc:J,1cation 
h> Singapore:. 

Himont of Italy ha' hu1l1 a nc:" plant at l'c:rrar;i lo 
produi;c: a wide: range: of c:nginc:c:nn~ pl.1,11.:' '"'ng 1h 
nc:w "C'aralloy" tc:i:hnlllog)o for making c:ngmec:ring 
pol~ mc:r' ha ... c:d on pol~ prnp)o knc:. Orhc:r pol~ propy knc: 
manuiacrurc:r' arc: upgrading 1hc:1r 1c:chnnlog1c:' to 
mo\C: in a •im1la1 dirc:1:11<in. 

l>S:0.1 ,,f 1he '."'e1herlanJ, 1s ht•pmg h• build " 
·lOJIOO-t.mne P••l'.\..:arb,•na1e,.. pl.tnt at (ir.>ni~gcn tn 
.:••·••pt:rat1t•n ..-.11h ldemi1,u ,,f Japan. The m•'\C "'oulJ 
marl the c:ntr~ ••I llS'.\1 tnh• the p..11~.:arb..matc' 
bu,in;:". L••.:al e1n tr•>nmcnral •'Pf'<•:.11t.1n. h••WO::\c:r. 
ha:- hampered pl0i11'. and the final g.1-aheaJ ma~ n.>t 
• ..:.:ur unul l;!te l'Nel. 

(),,w C'1emi.:al ha:- ab,, Je'-·1dc:d It• entc:r p.•l~ · 
.:arb.ma1e,.. pr,>Ju.:th>n in l:ur,1pc: . .;h,1 ... ing ih Stade 
"Ile in the: l'cJeral Rcruhh.: ,,f (i.:rman~ ;i,.. ii,.. 
preferred !t..:ati••n. The .;,1mpan~ has an <l\ era II S~llO
mtlhnn m\cs:ment pn•gramme .!e ... 1gned r.1 increa'e 
pr.l\fu.:rion ,,f engmec:ring plastics in Eun•pe. 

Ba~er. mear>w hik. i' de\ et.1ping a maJ•'r enginec:nng 
pla,tic ... pr.l\fucrllln ..:.1mple' ar Anrwerp .. indudmg 
p!ans for p.1lycarb.ma1c:... h was Jue 10 bring ,,n 
'tream in earl~ 1990 :he fir,1 commercial P•>I~ merua
ti<>n unn for pol~phc:11~lc:ne ,,ulph1dc: in Europe:. 
Capa.:n~ "'ill be -l.000 r.innes ,,f ... uaighc re .. 111 .. ,,r 
S.000 tonne: ... of C•lmpuund iillc:J ..-.i1h libreglas .... 

Ar.other planned l<l\:ati<m for man~ plasuc i:.1mpam.:s 
i" Japan. "'hich seb the design and pr.l\fuct "pc:cifica
tions for man~ end-user .. around 1he ..-.orlJ. Pre\ i<>usl~. 
four Japanese producers. Teijin. '.\titsubushi Gas 
Chemical. '.\fibubishi Ch.:mical and Idemitsu. supplied 
1he Japanese markcc. All the major enginec:ring 
plastics producers ha\·e manufacturing in place •>r 
ambitio:is in Japan. 

In the: Cnitcd States. most companies arc expanding 
in line wi1h market requirements. In particular .. ne" 
compounding planrs arc being added w C\isting resin 
facili1ies. Howc:\·cr. 1hc: current trend appears to be: 
1hat l:nitcd Stafc:s companies arc spreading their 
investments o\·crscas. 

4. Siron- and m~di111n-urm outlook 

0\crall marker grow1h rates arc: pul at be1wcc:n 
5 and IO per cc:ni depending on produc; and sou·ce of 
estimate. A market research company. Fros! and 
Sulli\·an 1>f the: Uni1c:d Slates. says tha1 demand for 
cnginc:c:riflg polymers in Europe: will increase: b)o a 
third to 1.2 million tonne: .. by 199J. The \aluc of th1., 
production would increase: from SJ.!\ billion hi ~5 bil
lion. The: largc:st-\'<llumc: product ..-.ill be acrylonitrilc: 
hu1adic:nc: '>tyrc:nc. bur ils limited scope for technical 
de\c:lopmc:nt will allow growth of only 19 per cent 111 
.JXX.tlClCI h>nncs. Polyamidc:'> arc likc:!y 10 grn..-. b)o 
.JJ per cc:nr to ~ 14.000 tonne:.. because of ... 1rong 
ricmand for .. pcciality produ.:1s. Polycarhonatcs use: 
ma)- increase: h~ .J3 pc:r cent to 17.i.ooo tonnes. 
P.il~acc:rah. no..-. used .a' rc:placcmc:nl for mc:tal in 
domestic plumbing pan ... may sec usage: incrc:a ... c h~ 
.1 I per cc:n1 ,,, 122.otKl tonnes, 

In the: l 'nitc:d State:,. demand for all c:nginc:c:ring 
pol~ mc:r' '' forc:ca .. 1 tn grov h~ I .J pc:r cc:nl 10 
l.-l5 million lonnc:s h~ 1990. with the: market \aluc: 
incrc:a,mg h~ $I hilhon lo S-lj hillior.. The: largc:'t 
c:nJ-11,cr will he: the: a111nmot1\c: mJu,rr~. with demand 
forc:..:a't at 296.000 tonne ... ·1 he: l.1ghc,1 growlh r;itc:' 
arc: hkc:l~ 10 he: m the: c:leC1r11nu: and c:lc:ctncal 
1nJ11,1r)o. "uh "'le:' pr111c:c1c<l 10 pmp frnm Xl.1100 
ronnc:' to 12.1.IJOIJ tonne:,, ,\i;rylonitrilc: huta<l1cnc: 
'' ~ rc:nc:. again ,l',o" mg the: h1ghcs1 \ olumc: h111 .. 10..-. c:'t 
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gro\\th. 'llill ~e saks ri.•e hl 50JNIO t.mncs durin2 the 
ll<rind. Highest gr<l'llth :ates are npc.:tcJ in- the 
s~aller-\ o(ume rrllJUCb. 

Regarding th-: all.lcau.m of IO\e-.tment hc!'llcen 
~orth and S..>u!h. the de\e:.,pment <lf cnd-u,.c: ,., .. ,;..._., 
"ill pr<lhabiy J1cta1c l<>eati<'n ,lf rr.1Jucu.m. Thus. t«•r 
the rclati\cly small-\,>lume engineering plastic-.. thc 
de'cl•lpmen! ,,f the autont•lbile and elcctrii:al and 
elcctr.mi'---s industncs "ill be maj•lr fa..:hlrs. Frequently. 
in\estments in these higher-\a(ue-added prn<lucts are 
made :it site-. "here pla"tic m3terials and their 
intermediates are already pr.x!uced. Traji1i.mally. thi" 
has been in the ~oni1. 

H,,,.,e,·er. the increasing number of petrochemical 
and plastics comple\cs .n the South will scn·c as an 
inccnti,·e to locate cngmccring P•llymcr plants d<lSC to 
feedstock sources. Recently. cm·ir•lnmcntal considera
tions ha,·c also tacc:n hampering im·cstmcnt plans in 
the Sorth. It ts likch. therefore. that towards the ,-car 
2000 the ~ortu--;.m;h production imbalance in these 
high-technology materials will begin to corr~t itself. 

Mos! im·cstmcnt is likel} ''' be thrvugh technology· 
transfer from the ~orth. probably in joint-,·enture 
companies and projects. Transnational corporations 
from the Unit1:d States. Eurnµc and Japan already 
have a strong lead in research and dc,·elopment. and 
,-arious st;.gcs in the prixluction of engineering plastics 
and incermc<.'iatcs arc alrcc.dy C•)\·ered by patents. 

A feature of tho:: 1990,; may· be the growing number 
of patent disputes. as companies attempt to keep ri,al 
producers out of their markets. A recent e'ample 
im·o(\·ed a case between Phillips Petroleum of the 
L'nited States and a polyphenylenc sulphide patent 
challenge from Hoechst of the federal Republic of 
Germany and Kureha of Japan. Phillips won. but 
agreed to grant licences for manufacture of p.il~ -
phenylen~ sulphide in the United States 10 the other 
two companies. They are also alltlwed to make 
ptllyphenylene sulphide c"mpounds and certain other 
\aricties world-wide. e\cept in Japan. lo return. the 
firms in the Federal Republic of Germany and Japan 
ha,·c granted Phillips corresponding licences. 

J. Consumer and industrial tissue paper (!SIC 3419)* 

Further gro"th fosters investment in developing countries 

Any analysis of the consumer and industrial tissue 
paper industry must begin with an a<!mission that very 
little information on the subject eitists. This situation 
is characteristic of a highly competiti~·c industry. 
where the battle for a );hare of the market is often 
fierce. with lhe result 1ha1 production. prices and 
capital inveo;1men1 data arc often hard to obtain. Nol 
only must e~timates be made for the data. bu! it is 
difficult to establish the definition of w ~11 is. and 
wha1 is not. consumer and industrial 1issue. as s~·stem~ 
of definition vary interna1ionally. The following.classi
ficatior. '•:ts been adop1ed in the present sur\'cy: 

(a) ( 'umer tissue i .. paper used to make such 
rrtatl end-products as handkerchiefs, toilet paper, 

1tchen towels and serviette .. ; 

•t -~ll>O ddnn,.k<lgr• 1hr .,-,.n1rih1111 .. n nld•k h• Prirr 'i1111 .. n. 
hhtor. fu/p 1111d foprr l11trr111111r11111/ 

(ftJ Industrial tissue is paper b..•ut?ht dirc-<-lly b:. 
fa.:h>ries. rc,!aJran!s. 1>tlicc'. h1,1ds ct.; Stl<ci;:li:\ 
11s-.uc. cigarette tissue and medical tissue pr • .jucts ar~ 
e'duded. althnugh it i-. difficult I•' ..eparate suclt data 
fr,>m the'"'' maj1>r categ11ncs_ 

When a cldssiticati,>n ,,f pr.ld•:ch j, ma<ie a.:c.1rdmg 
to end-use. tissue fal!-. into !'ll<l main ca1c2orics: 
sanitary and tho:: rest. Sanitary tissuc: is. by f~r. the 
dominant •me_ In the l'nited State-.. for .:'.I.ample. 11 j, 

ab.1ut 9!\ per cent of llltal ,1utput. and it includes 
bathro1lm and fa~·ial tissue. t~lwelling. napkins. base 
stock for sanitar~- artic:cs. wadding and industrial 
wipes. The re;t includes base stock for \\asing and 
wrapping. 

I. Ru~"' rr~•tls ill co11s•mption, proacrion. pricn 
atl tr11tl~ 

Generali~ speaking. trends in consumption for 
consumer and in-iustrial tissue ha,·e been similar to 
those for all paper and paper-board. Production or 
output in this industry is frequently used as an 
indicator of consumption. and the annual increases in 
the output of tissue world-wide from 19!\3 to 1988 
ha\e a,-e:-agcd .i_., per cent. compared \\ith 5A per 
cent for the total output of paper and paper-board. 
Table l\".119 shows tho:: strong increase in production. 

... lleq1oc or l'r*tl!ll! ltt~ i'u~Uqt 

In ~i: l~ 19U ___ att_ ~ 
\'U ..,api.-; I Ulauiwliri of tll9eS I "~ 1'11 !'~1911 

lortll i..ric. '92' ~m cu 42.l 10.0 
llestml ~ Bl7 2 ljO 22.4 22 ' .. IU 
J411 1 OH l 211 ,_, 10.c 1·.11 
Litin Amer1c. l 06I l lll I.~ 

,_, 4.2 
Asi~! !lOI 100 ·-~ ~-~ 17 .I 

• ~tml~ m 5C. ••• 4.l 5.1 
Asi .. ; 2'6 466 2.6 u 5· •• 
otller *"loped 214 llO 2.6 2.~ 16.2 
Atria lll 114 1.0 1.0 U.6 

lortll ·~ 10411 12.~ 11.2 11.) 
South 1 .. ~ 2m li.~ IU 21.6 

10Tll. 11 l40 12 124 100.0 100.0 1).1 

~ Pltlp lld hptr lltmliti0111l, r.tet 11111 Piicr l!!!!k t l.llldon, liller 
Fr- Mliati•, 19'0l. 

II Cmtnlly pi-4 ~-. 
~ l11:ludi11j • .U.U of 250,000 i- for Ult llS.SI for botll 1'1~ ild 

191&. 

,_; Dntlopimq .mt ~--

and hence consumption, !hat took place between 19115 
and 191111. As would be expected. the largest consuming 
regions are North America. Western Europe and 
Japan. As in 191111. production in 19119 is again 
npected to ha\'e reached a record le\·el. 

Recent trends in world prices are impossible to 
judge wi1h any accuracy. but prices arc generally likely 
to ha\'e been increasing in face 1lf rising demand. In 
thr larges! market, the l!nited States. the price inde:\ 
from the Bureau of Labour Stalistic' shows a fairl\ 
~teady increase since lhc 1970s. though price increasc~s 

' 

21!1 



appear to hnc accdctatcd in the past two years. \\'i;h 
1982 as the base year corresponding tn 100. the index 
-.~.is !Oti.6 in 1985 and 109.! by 19'37. but 117.3 ophc 
c:n.:i o: !9!i8 and i24.4 by mid-1989. Across product 
!>eelors. price: i11crcase of toi!c: tissue and towels lead 
the way. the in.:rcAS~ fc-r facial tissue and napkins 
being slightly less. 

World production oflis~uc paper has been increasing 
year after year for at least the past 10 years. This is 
true for most of the 10 largest country producers. as 
shown in table IV.120. The main reason is increasing 
con~umer demand for tissue products. as the con
sumption of tissue is an indicator of consumer 
affluence. There are signs of market saturation in 
some of the leading producing countries, such as the 
United States. In the c~ of Western Europe. con
sumption in 1988 rose to 3.15 million tonnes in 1988, 
up 4.4 per cent from the previous year. according to 
the Euro(>'!an Tissue Symposium based at Stockholm. 
A regional breakdown of world production in 1988 is 
given in figure IV.24. 

Hence producers arc looking towards developing 
countries for new markets. Rather than exporting, 
they are more likely to set up local subsidiaries 
making tissue and converting it to the end product. 
This is more attractive than exporting it from the 
home country, partly because of transport costs. 
Table IV.121 prm.idcs a perspective on tissue volume 
in dc,:cloping countries. China currently has the 
largest market. followed by Mexico and Brazil. 

V.'ith a few exceptions such as Sweden. there is little 
international trade in tissue rolls. but somewhat more 
in finished tissue products. At any rate, the trend 
volume still is not comparable to that of newsprint or 
kraft liner hmnagc. though the value per tonne is 
much higher. Therefore, the effect of instability of 
exchange rates has probably not had a major effect on 
the top producer countries. The ramcing of the major 
tissue-exporting countries is prmrided in table IV.122. 
Sweden and Italy are clearly the largest. Among the 
major importing countries featured in table IV.123. 
the United Kingdom is clearly the largest. followed by 
Italy. Federal Republic of Germany, and Belgium. 

Figure IV.24. World production of tissue paper, 
by region or economfc grouping. 1988 

Total World: 12 824 
thousands of tonnes 
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Source· Pulp and Paper International. Fact ancJ Price Book (London. 
Moller Freeman Pub11cat1ons. 1990) 

2. Major companies at the global level 

(a) World's largest companies 

Several of the world"s leading companies producing 
tissue also manufacture other paper grades. and in 
some cases pulp as well. For this reason. it is not 
possible to determine the \·alue of the sales and profits 
generated by tissue production alone. Table IV.124 
and figure IV.25 provide a ranking of the world's 
largest tissue paper companies, but only in terms of 
their total pulp, paper and converting sales. The three 
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largc:st companies. James River. Kimberly-Clark and 
Scott Paper. an! l<~ated in the t:mted States. 

In general. the saks and profits of the leading 
C<lmpanies ha\e lxen in.:reasing in recent ~e..1rs. and 
this trend seems likely to i.:uuiiuue because ,lf the 
recent spate 1lf mergers and acquisitions in the 
industr~. The bigger wmpanies consequenil~ ha\'e not 
only the largest sales incomes. but also a more global 
approach to the market. The three top tissue C<lmpa
nies are also the second. third and fourth top 
c1~mpan!!s in the world in pulp and paper production 
(listed by saks from pulp. paper and board only). 
Only International Paper is bigger. 

(bl South's largest companies 

Because of a lack of sales data. it is difficult to list 
the biggest prodl.cers in the South. but some estimates 
can be made on the basis of production capacity. 
Table IV.125 lists some of the major tissue-making 
companies. th•Jugh not necessarily all the largest ones. 
according to their estimated current capacity. San 
Cristobal SA de CV Productos and Kimlxrly-Cark de 
Mexico are clearly the largest companies. Several of 
the major tissue-producing companies in the South are 
subsidiaries of the top !'iorth American companies 
Kimberly-Clark and Scott. This is a ke~ feature of the 
tissue business in the South. Howei·er. the subsidiaries 
must be placed in perspecti\·e. since there are also 
independent companies listed in table IV.125. 

J. Manufacturing capacity of de,·eloping countries 

Limited ~ata are a\'ailablc for pro\'iding a perspec
tive on manufacturing capacity. consumpti•.m. produc
tion and exports in developing countries. Table IV.126 
suggests that five countries and areas ha\·e by far the 
largest capacity: Mexico. Brazil. Republic of Korea. 
Venezuela and Taiwan Province. The per capita 
consumption in these countries and areas. however. 
docs not follow the same order. suggesting that trade 
is necessary to reconcile the domestic balance sheet. 
The exceptions are Venezuela and Kuwait. with per 
capita con:>umptions of, respectively. 6.8 and 6.2 kilo
grams per head. 

4. Capacity utilization and capacity txpan.tion plans 

Capacity utilization rates are now rdatively high in 
most developed countries and in developing countries 
of Asia. As sugges•ed in table tV.127, utili1ation ra1-:s 
were higher in 1988 than in 1980. This confirms the 
previously stated view of recent strong growth in the 
tissue-making industry. 

Table IV.12!! provides cJata on committed capital 
investment projects expected to starr up during the 
period 1990-1993, and which wili result in increased 
production capacity for tissue paper. Separately listed 
arc the totals for projects in an advanced planning 
stage and likdv to proceed. It is common for some 
existing and aginis machines at a tissue mill to shut 
down when the new unit starts up. These figures, 
therefore. are the net in1;rcase in capacity that will 
result from the ime,tments. The possible permanent 
shut·dov.n of capa1:1t~ un\'.onne..:1cd v.ith nc\\ 1me,t
ment 1s not taken into account. 
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tal!lt r;.!25. llo!jor tiss\!Clikiog Cl11P4Die; in tilt SOUtl! 1911 Figure IV.25. World's top 10 producers of tissue paper: 
sales from pulp, paper and converting operations only, 

1988 

Billions 
of dollors 

Esti1o1ted prodllction 
QlllCity 
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Sall er istobal SA de C> Prr Juctos lluico 116 19.7 

5 lillltrly<lm de lle1ico llt1ico 97 14.0 
Tai11111 Scott P..,er Tilillill Pro·:ince 57 1.2 
!MlstrilS lllllin do l'lrillli de telu.IAJee lrillil 40 5.1 
Y11e11 foonq Yu Tililllll Province 40 5.1 

' 
fAbriClS de Pape! Loreto y Ptlla Pobre llelico 36 5.2 
Salltl '!beruilllla Brill ii )5 5.1 
Silnqyonq Piper lltplbiic of Koru l5 5.1 

DiSlS J. Olri Bmil 25 J.6 
Kiarly<Im do Br.isil Bruil 24 J.5 
SIC C.Orpr.r•t ion T.i- Province 22 3.2 
Toprlk ~it SWyii TllrUy 22 J.2 
CXIPA (Joint vnturt of Scott ill<l c-i l Bmil 20 2.9 

2 
CXIPAPl llrillil 11 2.6 
Voltl Cfallde de Paper Bruil II 2.6 
Scott Paper 111uysi• II 2.6 
kinq l.ee Piper Cor,.outioci T1illlll Province 11 2.6 
SDjlmq Plllp t.public of Korea 17 2.S 
Donq Sllin Paper llillluhcturinq lfrlblic of Koru 14 2.0 

?Orll 692 100.0 

~: Plllp ind Paper ln'.m11tiou1, ~"t.i-'f_M (lAladoa, •iller 
rr- Pllblie1tioai;, 1m1. 

Sowce Pulp and !?aper ln!ernaloonal. fdr.I and Pnr.e 8001< 1London. 
Moller,Freeman P11bll~a!1ons. 1990) 
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J. Short- and m'dium-urm indu.ury outlook 

Exce~s capacity has plagued the European tissue 
industry in recent years. at least according to producer 
association reports. There arc signs lhal the growth 
in demand in Wcslc:rn Europ particularly in the 
Northern coun1rics. is slowing dm1. n and may he 
nearing the saturation point. But this has not yet had 
a noticeahle effect on capital investment planning. 
According 10 one recent report from rhc Furopcan 
Tissue Symposium. v.hich has mcmher' in 16 Western 
European countries. the ~ap hetwcen in,1allcd c<1pac.:v 
and produc1ion ""'' ahoul 200,000 lonne' per year al 
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the enJ ,lf l 9SS. Plans f,ir ne\\ t!s-;ue paper machine" 
anJ C<l!npletc: llC:\\ milb ar.: e\pc:..:teJ Ill increase this 
·.ner-..:apacity I•• ~50.1100 1,1nnes pc:r \ear t>y 199.t. 

In adJcti,111 1,1 e\,·c:s' ..:apa..:cty. the: hm•pc:an Tissue 
Symp,lsium fore,c:c:" an "\c:rall ,,(,l\\-d''''n m c,m
sumptinn gr,iwth ,,f bet\\ec:n ~ ;rnd 3 per ..:en~ per year 
by 1994. Consumptlllll in !'>SS >las 3.15 million 
!lmnes. up .tA per ..:c:nt f,lll,iwing prc\·i, 1,1s increases. 
These are all signs that the fight for market share in 
Europe is glling to bec,ime e\'en 1,rngh~r. Howe\"er. 
there is hope in che comparati\·ely low per capita 
c,msumption in the \kditerranean C<rnntries. The 
a\·erage for the 16 Eurnp.-:rn Tissue Sympo··ium 
member countries was X.X kilograms in 1988. but in 
Italy :he figure was 8.5 kilograms. in France 7.9 kilo
grams. in Spain 5 kilograms and in Portugal 4.6 kilo
grams. 

K. Paper and board for corrugated boxes 
(ISIC 341131-341137)* 

Industry dol\nturn in some countries 

Casemaking materials or contain.:r board 1s :he 
second largest branch of the world paper and board 
industry by tonnage but not by \'alue. In the present 
re\·iew the focus will be on the following main grades 
of packaging paper and board used to make corrugated 
bo:i1es or cascmaking materials: kraft liner made from 
virgin fibre and test liner made from recycled fibre: 
and fluting. again both virgin and wa<re-bascd. As far 
as possible. packaging paper for sacks. bags and 
carton board are not considered. Howe\'er. some of 
the puhlicly a\ailable figures used here include some 
carton board with lincrboard 

I. Tr~nds in production, consumption, prius anti trad' 

Trends in the production and consumption of 
materials to make corrugated boxes arc an indicator 
of the economic: progress of a country. simply because 
the ou~put and trade of many goods depends directly 
on the use of boxes to pacKage them for shipment. 
Regarding the measurement of consumption. the 
industry practice is to use output or production or a 
surrogate. The world production of paper and board for 
corrugated boxes has been setting new records every 
year since 1983. Table IV.129 provides data on produc
tion increases in different countries since 1985. and a 
regional breakdown for 1988 is given in figure IV.26. 

The related consumption increases are reflected in 
the prices of these prod111.:1s. which have. in general, 
gradually increased over the past lhrce ycdrs. although 
there arc e:i1cepti11ns. Taking the price of unbleached 
kraft liner as a hc:nch-mark. the United States export 
pric.: 10 Europe has increased by about 65 per cent 
from the end of 1985 to the end of 1989. For United 
Slate' shipmenh of liner to South-East Asia, the 
mcrca'c has hcen ah Iii 90 per cent; to Japan it has 

•1''11><> .11.l..n.n1,lr1t)!:,., 1hr t:11n1nh1111~•n m.llfC'" h\ Pctrr 1'11111m, 

I d11or. /'11/p 1md /'11r,·r lnr,·rn
1

11t111n11/ 
1 
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Ficure IV.26. World production of paper and board for 
corrugated boxes, by region or economic grouping, 1988 

folal: 60.1 million tonnes 
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been about 30 per cent. and to China. about 70 per 
c.:nt 'mid-1989 figure~). These are substantial increase~. 
but it mus! be rer.iembered that casemaking pric~s 
crashed in : 985 compared wi1'1 1984 levels. For 
example, comparing 1he end-1989 to the end-1984, 
imtead of end-1985. export price to Europe gives a 
much lower increase of ju\t 20 per cent. The Cnited 
State\ is not only the world'' largest producer. but 
abo !he bigge<,! exporter of kraf! liner. 

Among the v.aste-based test-liner grades. v. hich are 
not traded internationally as much as kraft liner. 
prices in the Federal Republic of Germany. a major 
producer and consumer. fell and then recovered over 
the same period, so that the net ri~e was only about 
10 per cent. In Japan. the main domestic linerbuard 
products. which contain about 40 per cent recycled 
fibre. actually declined in price by about 13 per cent. 
This was largely the result of production 1)ver
capac11y. which outweighed substantial ri"s in the 
production of corrugated boxes. 

Another major product is the corrugating medium. 
which i~ the paper that forms the central part of a 
brown bo~ It is corrugated and used to separate the 
inner and outer layers of linerboard. Sf!mi-chemic:il 
corrugating medium is the best grade because it ts 

made from virgin wood pulp. which has greater 
strength. In the L'nited States, the price of semi
chemical medium increased by about 60 per cent from 
the end of 1985 to mid-1989. In Europe. the price of 
semi-chemical medium in the Federal Republic of 
Germany increased by about 7 per cent from mid-
1986 to end-1989. By contrast. the price of waste
based corrugating medium increased by nearly 20 per 
cent over the same period. 

All 10 of the world's largest producing countries 
increased output fnm 1985 to 1988. and probabl;. 
also in 1989. primarily as a result of increased 
domestic and export demand. There ir. little or no sign 
of government support. with the exception of China 
and tile CSSV.. Table IV.130 show' that the Cnited 
States is hy far the largest producer, followed by 
.JapaC1 and China. These countrie;, are also the largest 
cnn,umers. The relative ranki'lg of the five large<,! 
producer and conrnmer countrie' in the South is 
provided in table IV. l.11. v. hich '>how\ Chin<i to be h;. 
far the large'! in both categorii.:,. 

I he export performance of the major producing 
countrie' is reflected in table IV. IJ2. One crucial 
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factor affecting their performance has been the in
stabilit~ of exchange rates. notabl~ in Bra1il. Canada. 
Finland. South Africa. S\\eden and t.:nited States. 
with the gr.:atest impact ha\ing been felt in Eur,lpe. 
The main trading currency for kraft liner sales is the 
United States dollar. and Lnited States e\port~ to all 
the ma1or markets in Europe and Asia are traditi,mall~ 
paid for in that currenc~. which is also likel~ to be 
used by European suppliers when trading llUtside 
Europe. But within Europe. lo.:al currencies are used 
in most markets. including that of the Federal 
Republic of Germany. An important exception is the 
United Kingdom. where all sales from whate\er 
supplier are currently in dollars. though there ha\'e 
been unsuccessful attempts by European suppliers to 
introduce prices in pounds ster!ing in the past. 

Concerning the influence of exchange rates. the 
strength of the United States dollar in late 19li5 was 
one reason why European suppliers mo\'ed away from 
selling in dollars throughout Europe to the current 
practire of selling mostly in local European currencie:>. 
Since then. the dollar exchange rate has brought 
temporary market ad\·antages in both the l,;nited 
States and Europe. The United Kingdom market. 
where liner is sold oniy in dollars. complicates the 
Europe-wide situation e\·en further. In recent times. 
the long decline in the \'alue of the dollar against most 
key European currencies ga\e the United States tlae 
ad\'antage. so that prices could not be incr~ased in 
Europe without pre\'ious increases in the L'nited 
States. European kraft liner is normally sold at a 
higher price than United States liner because of its 
higher quality. A further difference which has become 
more important recently is the European ability not 
only to meet shorter deli\·ery times. but also to be 
more consistent in meeting them. 

The world's largest importing countries are ranked 
in table IV.133. The Federal Republic of Germany is 
the largest importer. with the United Kingdom and 
France next in importance. 
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2. Major companies at tire global level 

la) Largest companies in the .\'orrh 

As r~flected in table IV.134 and figure JV.27. the 
main producer:; of paper :rnd hoard for corrugated 
boxes increased sales and profits in 1988. thanks to 
effecti\·e demand with no significant over-supply. 
These increases probably continued for many pro
ducers in the first part of 1989. but began to decline in 
the fourth quarter. Many of the same companies may 
have lower profits in 1990. The largest United States 
companies not only enjoyed a healthy domestic 
market, but also had more export orders than they 
could meet. Again there are signs that both types of 
demands receded as 1989 progressed. So far in 1990. 
the growth in demand has slowed down from that of 
the pre\·ious year. '-ut it is still positive. up about 5 per 
cent in Europe compared with 19119. and at about the 
same level in the United State~. Unfortunately. this 
has n•>t stopped the erosion of kraft liner prices in 
both marke1s in 1990. 

The lower sales increase and profit margin for the 
three leading Japanese companies may reflect the 
continuing production over-capacity of the industry in 
.Japan. The poor results from two of the big producers 
in Taiwan Prrwince may be the result of large capital 
investment in new equipment. Unfortunately. this 
capacit) may be coming on stream at a time when the 
growth in domestic demand is easing off from higt 
levels of previous year~. 

Figure IV.27. World's largest producers of paper and 
board for corrugated boxes: sales from pulp, paper and 

converting operations only, 1988 

Billions 
of dollors 

9 

Source Pulp an<I Paper International. Fact and P"c11 Booi. 1Lonc1on. 
Miller Freeman Pubhcat1on~. 1990) 



Like other pa.-ts of the paper industry. there has 
hc.:en a spate nf mergers and ac4uisiti,ms anwng 
se\eral C•lmpanies m the container hoard business in 
~orth America and Western Europe. This ha~ not 
only reduced the number but increased the size of the 
largest companies. in general making them o;tronger 
and more focused. It has added to the de,·elopment of 
a global market for container board. 

A recent report by the Finnish consi;ltant Ekono 
gi\·es some of the current trends among companies in 
the industry·. The top IO North American producers of 
container board accounted for about 75 per cent of 
the total production of casemaking materials in 1989. 
whereas the corresponding figure for Western Europe 
is only ~5 per cent. North Americans ar'"! also strongly 
integrated in the boxmaking business. with the top IO 
accounting for some 58 per cent of total North 
American corrugated capacity. while their European 
counterparts only have about a 26 per cent share of 
corresponding capacity. 

(b) Largesr companies in :he South 

Output of container board in South-East Asia, Ekono 
has reported. is almost as high as in Western Europe, but 
the industry differs structurally from those mentioned 
abo\·e. The top IO Asian container board producers. 
mostly Japanese companies, accounted for only about 
30 per cent of total Asian output in 1989. In general. 
the Asian container board industry is far less concen
trated and integrated into box manufacturing than its 
North American and European counterparts. The vast 
majority of container board producers are small and 
not integrated. In addition. working conditions are 
often poor and equipment is old. But the small 
converter is still a major factor in the booming Asian 
market for container board. The average size of the 
IO largest companies in the South is reflected in 
table IV.135. 

Capacity in the Asian market is rapidly expanding. 
There may be periods of over-capacity ahead, notably 
in Taiwan Pro•.:ince and the Republic of Korea. This 
also adds to the already severe shortage of the 

necessary fibre. both pulp and recycled waste paper 
and board. This is one reason why Asian and 
Australian Cllmpanies are looking for further invest
ment opportunitie:-. in ~orth America aad Oceania to 
guarantee a fibre supply. 

J. .\f111111/act11ri11g capacity in dea•elopi11g colllftries 

Estimates of manufacturing capacity in developing 
countries and areas are pro\·ided in table IV.136. 
together with Nnsumption. production. exports and 
per capita production. The largest capacity can be 
found in Brazil ar.J Mexico in Latin America and in 
India. Republic of Korea and Taiwan Province in 
Asia. These same countries and areas. howe"·er. do 
not display rhe highest per capita consumption. This 
difference perhaps reflects the overall manufacturing 
capacity of a particular country as well as the size of 
its population relative to that manufacturing acti,·ity. 
Taiwan Province thus has the largest per capita 
consumption at 73.9 kilograms per head. while Israel 
has 31.5 kilograms. Republic of Korea 28.4 kilograms. 
and Ku~ait 25.8 kilograms per head. 

4. Capacity 11tili:ation and expansion plans 

Capacity utilization rates were very high in most 
countries in 1988, up from lower rates in 1980. as 
shown in table IV.137. The rates are surprisingly low 
in Japan and Italy. Table IV.138 shows that capacity 
utilization is highest in the South in those countries 
and areas which are also important manufacturers. 
such as Brazil and Taiwan Province. Like Japan. the 
Republic of Korea appears to ha,·e o~·er-invested in 
casemaking capacity. As in most of the pulp. paper 
and paper board business, the market for container 
board and corrugating medium tends to suffer from 
periodic swings from m.er-capacity to under-capacity 
and back again. A healthy market balance leads 
producers to invc:;t in n:-.s.· equipment. ;s,·hich u:;ual!y 
means higher capacity. When this occurs at about the 
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same time. a period cf m·er-supp!y wi!! occur. If this 
coincides wi1h a fall in demand. !here can be a severe 
decline in prices. wi1h produc1ion shuning down 10 
reduce slocks and. al worsl, companies going ou1 of 
business. 

Regarding capacily expansion plans. 1ablc IV.139 
provides lhc totals for commincd capital invcstmcni 
projcc1s scheduled to start up during the period 1990-

1993 and which will result in increased produ..:titln 
capacit~· for cascmaking materials. Scparatcl~ listed 
arc the lotals for projects in an adnnccd planning 
stage and likcl~ 10 come 10 fruition. The figures 
represents lhc net increase in capacit~· that will result 
from in\·cstmcnt. The p.>ssiblc permanent ~hut-down 
of capacity unconnected wi1h nc"' investment is not 
taken into accounl. although some cxisling and aging 
machines at board mills \\ill probably shut down 
when new units start up. 

As mentioned earlier. direct foreign in\·cstmcnt is 
increasing mainly as a result of continuing mergers and 
acquisitions. This is making the cont~incr board mark.ct 
more global. Howc\·cr. although there is more foreign 
in\·cstmcnt in the container board mark.ct. the share of 
foreign o\\·ncrship is generally still quite limited. Most 
domestic markets world-wide arc dominated by domes
tic producers. if there arc any_ 

Direct foreign im·cstmcnt in the European container 
board industry is increasing. largely in anticipation of 
the planned Single Market among the member coun
tries of the EEC. !'llordic producers. particularly 
Swedish companies. and North Americans arc scck.ini 
to establish themselves in the EEC mainly by buying 
producers there. This is also true for the buyers of 
container board. the corrugators and boxmak.crs. In 
North America. direct foreign in\·estmcnt is limited. 
The most notable example is the Jefferson Smurfit 
Group from Ireland. which has rapidly established 
itself by acquisitions in the 1980s. It is now looking 
for a greater market share in Europe. and is one of the 
few companies from the !'forth to hnc acquired and 
operated companies in 1his industry in Latin America. 
As previously no1cd. direcl foreign im·cstmcnt has 
also b«n initiated in North America by Asian and 
Ausiralasian companies seeking more secure fibre 
supplies or wanting to produce container board. some 
of it for export back. to 1hc home mark.ct of 1hc 
im;cstor. 

In rcccnl years there has been linlc evidence of 
direct gm.-.:rnmcnt im·olvcmcnt in the industry. Some 
cases of financial subsidy ha,·e occurred. and some 
companies arc State-owned. There hnc been occa
sions. for example in Japan. when the Go..,.crnmcnt 
has tried to organize a planned reduction of over
capacity through the closure of aging produclion lines. 
The most common inrnf\cmcnt probably is through 
import laxes to protccl domestic producers_ For such 
a major traded product as lincrboard lh\!rc may be 
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some justification for this. There ha\·e been signs that 
during timo of weak demand. some producers in the 
:"orth ha\·e attempted to export their o\·er-capacit~ to 
the South. notably to the South-East Asian markets. 
bringing down prices there. 

In the South. a limited domestic market is not 
commonh· a oroblcm for producers of cascmaking 
materials: tho~gh it may be becoming so in Taiwan 
Pro\·ince and in the Republic of Korea. where 
producers ha\·e been dependent on the growth of 
exports of products that need packaging. Raising 
sufficient capital for new in\estment is a problem 
an\·where. For scme companies in the South. parti
cuiarly in Asia. finding a good supply of fibrous raw 
material is a problem. 

5. T ulu1ologiclll tmuh 

Ad\·anced technology is widely· used by the major 
producers of cascmakir.g materials. North and_ Sout~. 
CAD/CAM in the design of mills and machinery is 

fairlv common. Most medium-size and large mills will 
hn~ some level of computer control of production 
lines. frequently at a very high le\·cl of sophistication. 
with mill-wide computer process control bringing 
together factors such as po\lo·er generation. waste 
treatment. the production process itself. as well as 
direct order input and administration. 

Flexible manufacturing is becoming more wide
spread in the ~forth. with the recognition that no! ~~ly 
is consistently high quality required. but also flex1b1hty 
in meeting demands that may vary from one customer 
to the next. This is part of the process of adaptation 
by the industry to being demand-dri\·en. not supply
dri\·en. 

Biotechnology and genetic engineering arC' being 
used at the fibrous raw material end to produce quick
growing trees for pulpwood. Some Brazilian pulp 
producers have been at the forefront in this de\·el
opment. 

I echnology r :ed not be a major bottic-m;~,l for 
expanding production capacity. especially in de\·el
oping countries. Many examples can be f~und ~here of 
small producers running old production Imes or 
second-hand ones bought from the Sorth. using 
locally gathered waste paper and board as the m~in 
raw material. Al this level. technology is not a maJor 
problem. but for a large mill. ad\anced technology to 
produce board of consistently high quality is necessary 
to be competili\·e. This may be a problem. added to 
that of skilled labour. for companies aspiring to join 
the major league. 

6. Short· and m~di111n·t~rm 011tlook 

Prices ha\e been adversely affected by the unfavour
able short-term outloc,k for the producers of ca~cmaking 
materials world-wide. However. this phenomenon has 
fol!,>wed a period of record growth for the industry. 
While a downturn seems to have started. there arc few 
signs that it will be long and deep. The unde;lying 
trend in the medium-term is toward a continued 
increase in the demand for boltes made of corrugated 
paper-board. 

L. LHt~aking am slioetukia& madaiatty 
(ISIC 3124)* 

T Klmological dlugn fHl•n comp•tttizatioa 
ud automatioll 

The world leathermaking and shoemaking machinery 
market has increasingly made use of more ad\·anccd 
technology. Most of this de\·clopment has taken place in 
\!.·hat can be \·ic\lo·cd as the traditional European leather 
and footwear cour.tries. Italy is usually considered 
to ha\·c about half the w·orld business in tanner:.
machincry. Other important producing countries arc 
France. federal Republic of Germany. and Spain. 
Other countries producing some tanraery machinery 
include Finland. Netherlands. S\lo;tzcrland and United 
Kingdom. In Asia. the leading tanncry-machincry
producing arca is Taiwan Pro\·incc.although machinery 
is also produced in China. India. Indonesia. Japan. 
Republic of Korea and Thailand. There is also some 
production in North and South America. Sophis
ticated tannery machinery production is essentially 
restricted to Europe. with France. Federal Republic of 
German)". Italy and Spain taking the lead in tech
nological inno\·ation. Dc\·cloping countries restrict 
their production to simpler tannery machinery such as 
\looodcn drums and paddles. although they do emulate 
European designs. Some joint \·cnturc arrangements 
alrcadv exist between European and Indian and 
Chin~ companies. but they arc not widespread. 

The older dc\·cloped countries such as the United 
Kingdom made a major contribution in originating 
~nd dc\·cloping the first lcathcrmaking machines. but 
as leathermaking has migrated to Southern Europe 
and subsequently to Asia. the production of new 
Icathermaking machinery has become far more diversi
fied geographically. Some manufacture of tannery 
equipment remains in the United Kingdom. but today 
the industrv is clcarlv dominat~d bv Ital..-. which offers 
a \lo·calth of compcti~g machines. o·thcr ;ignificant pro· 
ducing countries arc China. France. Federal Repuhlic 
of Germany and Spain. with isolated specialist 
producers m Australia. Finland. Netherlands. New 
Zealand. Switzerland and United States. Japan has a 
reasonably long tradition in lcathcrmaking machinery 
production. but has not been a significant world 
contender. Howc\cr. the emergence of a growing 
tanning industry in Asia has seen concomitantly the 
de\·clopmcnt of lcathermaking machinery in India. 
Republic of Korea. Taiwan Province and Thailand. 
Initially. this has been based on simpler machines. 
often copied from models designed in dc\·cloped 
market economics, but joint ventures arc also known 
and provide a springboard for further development. It 
is highly likely that whilr. European countries will 
remain the leading source of IC'athcrmaking machinery 
for many years to come. Asian countries will develop 
their own industry and at some point challenge the 
European countries. 

Before outlining the various specific developments 
that have taken place in lcathcrmaking machinery in 
recent years. it is appro'priatc to mention the general 
trend in development. this has been 10 refine nisting 
equipment to produce ttlc types of leather currently in 

' ' 
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Jemand by the follow·ing means: m<>rc: dficientl~ ;m.! 
ml> re pmJucti\ d~ linling them where p.>ssibk: C<>m
bining more than t>ne operati,>n m llOC machine: anJ 
intr.>Ju..::mg lab,>ur-s;n·ing Jc\ i~·c~ such as autnmati..:: 
stacker~ anJ hiJc h<.>ists. Additionally. grow th in the 
proouc1wn ,lf upholstery lcathc: has seen the dc\d
opmcnt of equipment able to prnccss whole hides 
rather than just first sides. 

The computer has wrought a rc\·o!ution in lcathcr
making both in the a\ailability of fine controls on 
indi\·idual machines and also in pr~-e>s control 
systems that can extend from simple water bat.:hing 
and heating lo totally· integrated c,mtrol maling it 
possible to o\·crsce much of the lcathcrmaking pro
cess. The stage of fully automated lcathcrmaking has 
not yet l>ccn reached. but considerable progress along 
the path has been made. 

I. T uluunogictll trnuls 

A few year ago it \1rnuld ha\·c been relati\·ely easy to 
point to crnlutionary de\1clopmcnts in shoemaking 
technology. indicating the main lines of progress. But 
this is no longer easy. There has been an explosion of 
dc\·clopments in technology embracing shoe construc
tion. shoemaking materials and components. plant 
organization and micro-computer inno\'ation. It is 
also difficult to anticipate specific de\'elopments in 
automated shoemaking because of current shifts in the 
location and methcxts of production. the eff.:cts of 
emerging em·ironmental protection legislation and 
unpredictable fashion changes. 

(a) Leather preparation 

The machine most clearly associated with the 
leather industry is the drum. This is used for a wide 
1.·ariety of operations from chemically remo\·ing the 
hair from the hide or skin to tanning. colouring. 
!ubricating with fat-liquor and e\·cn softening the 
leather in an operation referred to as drumming. 
Although the drum looks remarkably like its forebears 
uf a hu11J11:J .~Cal) axu. il ha) been lla1bfu1111ed frum 
a simple rotating wooden barrel to a twentieth-century 
high-technology piece of equipment that is prccision
engineered. actuated by electromechanical means. 
equipped with sophisticated pmce'iS instrumentation. 
microprocessor-programmed and -controlled and C\'en. 
if required. linked 10 individual personal computers. 

Among the most important developments in wooden 
drums arc the sy,;tems that allow rapid discharge as 
well as recirculation of processing liquors. This 
operation is often achieved through hollow axles to 
external compartments that enable the liquor to be 
screened and cleaned and its temperature. pH value 
and chemical strength to be monih>rc.i and adjusted. 
Such a development has enabled the underlying 
chemical parameters 10 be maintained at their opti· 
mum level. while design changes inside the drum ha\·e 
greatly imprn\'ed the mechanical action between the 
hide and li-iuor. Jn~•ead of the drum being smooth
sidcd. it is now usually filled with pegs that tend to 
stretch and draw the hide'. rhereby incrca,ing the 
efficienq of the chemical reaclion\. The mmcmenl of 
the hides o\'cr and past the peg' a' rhe Jrum ro1a1c' 
ha' been linked 10 a o;tecplccha'c rather than 10 a 
o;l:Jlom. 
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It i' estimated that the drum i .. still used to pr•"-"ns 
,wcr 90 per C:."nt of gl,>bal hide pr,>Juction. but 
alternati\c ,,~stem-. ha\e been de\ eloped \\hich bring a 
\"arict~ of benefits. ln,tead •lf bcmg made ,,f '11.•><>•j_ 
these newer \e .. sct .. arc usaall~ ,,f ~tainles~ :!>tccl •lr 
pol~mer. There is 1hc hide prvccs)or. based ''" ihc 
rolating '-~mcnt mixer. as weil as a \aricty of Y
compartment mixers. usually· in stainless steel. which 
employ· an arrangement of shch-c:s to cause ihe hides 
and skins to roll as the mi:"tcr rotates. These \·csscls 
also inc,lrporalc recirculation facilities :?nd arc claimed 
to need less water and chemicals for a gi\en hide load. 
While they pro\·idc easier loading. one stated Jis
ad\·antagc is their heat loss. The most recent dnel
opmenl in tanning technology is a through-feed 
machine in which the skin is passed through a bath of 
liquor while the tanning chemicals are injected into 
the skin ur:der pressure. This is still at the prototype 
stage. but it docs open up the possibility of indi\·idual 
treatment of skins as w-cll as through-feed operation. 

Traditionall:-·. the drum was loaded and its operating 
sequence o\·erscen by the tan-yard supcrvi)()r. The 
first steps towards automation came with punched 
card systems some two decades ago. These controlled 
running and stopping times. reversing slow running 
and generating signals for the addition of water and 
chemicals. correcting temperatures and opening and 
closing \·ah-e~. More recently. the de\·clopment of the 
microcomputer has made possible a degree of ~ophisti
cation and instant control that was impossible c\·cn a 
few years ago. Tai!or-madc computer co:ttrol systems 
arc now common. with a mo\·e towards intcgratc:d 
stock control of chemicals. so that system costs. 
production tal!ics and a host of other management 
data arc readily nailable. 

Fleshing. the operation to remO\·e pieces of fat and 
flesh from the under-side of the skin or hide. has 
.. nangcd little O\'cr the years. Recent developments. 
however. iO\·ol\'c the wider use of through-feed machines 
rather than return-feed machines. There has also been 
a mo\'e towards perfecting a pre-fleshing machine to 
be used with woo!!en sheepskins in New Zealand to 
remo\"e sufficient fat and meat matter and to present a 
flat smooth surface to the "·ool-shcaring machine. 

One important operation in the tannery is the 
splitting of hides. The hide is inserted on one side of 
the machine and it comes out in two layers •JO the 
other. The operation is performed by a continually 
sharpened band-knife progressing across the width of 
the hide. While there has been li11le fondamcntal 
dnclopmcnt. the advent of microprocessi;r control 
has pcrmillcd much easier programming and monitor· 
ing of splitting thickness as well as continuou'.'i digital 
read-out. 

Sha\·ing machines arc at a stage of dc\·clopmenl 
similar to that of spli11ing machines. The mo\'e is 
again towards through-feed action and micr•lproccs
sor control to hring about a much greater degree of 
accuracy and instant thickness change. The vibration 
or chauer that some sha\'ing machines can produce 
and which can cause ribbing is now more clearly 
uncJerslood and can usually he brought under control 
uy changing one or more of the mechanical para
meter,. Follo\\ing the tanning operarion the hide or 
'kin i' 'ammied. an operation dc~1~ncd lo rerno\"e 
much of the 'urplu' liquid. Originally. a wringer-type 



ma..:hine 11.a:. empl,,~ed. and su..:h a de~1gn is ~tiH 
popular in '.\,,rth :\,11eri..:a. But there i:' a nlu\e t,,11.ard 
thr,,ugh-kcd ma..:hmn t.•gcther 11. 1th greater supt11~t1-
;;.1t1,m IO sp~caJing th.: kathcr tll a\ lliJ pkats as it is 
passed under the rtlllers. 

One uf the must imoortant operations in lcather
making is that of dr~ing after sammying and setting to 
dispose of the free and combined water still in the 
leather. The need is to dry as slowly ~et as efficient!~ 
as possible. 11.hilc ensuring that the leather remains 
soft and flexible. ~atural air drying is traditionally 
considered the best method. but for the modern 
factor~. air-flo11o dr)ing in one of its \·aried forms has 
become the gcncr.tlly preferred method. One refine
ment of recent years has been the so-called dehumidi
fication dry·ing .::onccpt de,·elopcd in France. which 
embraces a closed-circuit energy recovery system using 
heat pumps. This combines precise control of drying 
conditions with thermal energy sa\·ings. 

Other approaches to drying include the use of infra
red radiation. high frcquenq bombardment or micro-
1..-a\·c energy. The latter method is the most recent 
entrant into the field. The concept is eurcmciy 
attracti\·c because the water can. in theory. be 
c\·aporatcd off ~ithout raising the temperature of the 
leather. thus retaining its inherent characteristics of 
softness. Models introduced in 1989 are of through
feed design. hut they ha\·e yet to make an impa.::t in 
the tannery·. In contrast. the \·acuum-dry-ing principle 
by which leathers arc slic":ed and subjected to a 
\·acuum process between heated plates has prO\en to 
be immensely popular in Europe. Multi-table machines 
that go up to fo·e le\·els are common. and mechanical 
devices to slick out the leather ha\·e started making 
their appearance. 

It is comm(ln. when drying leathers. to toggle or to 
stretch them to prevent any loss of area. Originally a 
manual operation. toggling machines ha\·e become 
increasingly sophisticated to reduce labour inputs. 
This has genera:ly led hl11oards a horizontal-com·eyor 
toggling approach. allhough a horizontal-membrane 
stretch concept has been introduced more recent!}« In 
the membrane stretch design the leathers are placed 
on a membrane and another membrane is brought 
into close contact from above. The membranes are 
ncn stretched out\urds, taking the leather with them 
as heat is applied 10 dry off excess moisture. 

It is probably true that most leather is still given its 
finish. colour and protc1.:ti\'e coatings using a spray 
machine. A \'ariety of configurations ha\'e been 
developed to achieve the most even deposition of 
finish. and devices to shut off the delivery of finish, 
when there ic; no leather underneath. arc common
place. However. it is usual for such m< ·hincs to use 
solvent finishec;, and in the cnvironmc1:t-conscious 
world nf the 1990s the lca.hcrmaking industry ic; 
exploring other finishing pmsibilitics that arc efficient 
in their use of chemicals. yet safe and effective. Roll
coating, which is rather like a con\'cntional printing 
operation. is one such increasingly popular alternative, 
not lcac;t because it can deposit in one pass the 'amc 
thicknc'\ as three: or four pa"cs on a 'pra}mg 
machine. Water-hased finisht"\ oh\iate the tire and 
health risks po,c:d hy 'olvcnt fini,hc,. Roll-coating 
will probably conrinue to make inroads into con\en· 
tional finishing techniques. 

Th.: final tanner) operation before Jispatching the 
kather 1s t•) m~asurc ib ~urfacc. Arca measurement is 
a perennial ,.,,,urcc ,,f J1sagre.:mcnt b.:t11oc.:n th.- tann.:r 
and hi!> customer. .-\ pin-11.h.:d m.:asunng machine:. a 
design that 1s decades old. is Cllnsider.:d th.: most 
accurate typc c\·cr de\·iscd. and is often us.!d as the 
arbiter in case of disputes. But the past decade has 
seen the dc\·clopment of electronic systems in which 
the leather is automaticall~ measured as it is passed 
under a bridge. in whatever units arc required. the 
pieces being counted piece by piece. with total area 
based on a predetermined programme. Both through
fecd and return-feed designs arc auilable and can 
often lead to rolling. b.-.tching and bundling devi.::cs. 
again to a prcsc:lectcd rrogramme. 

Hides and skins arc hca\} and un11o·ieldy items 
which are usually processed through the tanner) in a 
batch. One of the most useful de\·elopmcnts in recent 
years. has been the automatic staking mact:.:ne which 
can be fitted at the outlet of \·irtualiy an)· production 
machine to collect and batch (in the chosen configura
tion of flesh to flesh or flesh to grain) the required 
number of hides or skins for progression to the next 
oocration. It is a dc\·icc that has contributed consider
ably to efficiency in the lcathcrmaking process. 

(b) Basic shoemaking techniques 

The 1raditional material for making shoes is leather. 
and the early machines employed mechanical methods 
of cutting. slicing. shaping and assembling jobs 
pre\·iously carried out by hand. Traditional shoe
making. which is distinctive through its complexity 
and emphasis on treaii!lg each shoe as an indi\·idual 
item. still exists. but it is a specialized craft and has 
been largdy superseded by nt"wcr. ma~s production 
arrangements. These employ simpler construction 
methods. new shoemaking materials and new tech
nology. 

A major new trend in shoemaking is to employ 
asscmbl) operations uiilizing pre-produced compo
nents. The use of automated machinery is increasing. 
as i:; :he u:>c of pick-and-place robots an'.i !inking 
mechanisms. This places a new emphasis on consistently 
accurate materials, proportions. measurements and 
components. However, the technology of shoemaking 
still inrnlvcs having a stack of foot-shaped formers. 
the last, over which the upper is draped and constructed 
and to which the sole is Joined. Traditionally this 
operation was done by stitching through a welt, a strip 
of leather sewn around the periphery of the upper. 
although nails and screws were not uncommon for 
additional security. 

One of the first major developments in shoemaking 
machinery was occasioned through the move from a 
stitched sole to an injected-on or stuck-on sole. In the 
former the shoe upper is placed on a metal last on a 
carousel machine and the polymer sole is squirted into 
a split-mould cavity where it solidifies before the 
complete shoe is ejected. This type of construction is 
ideal for large-scale production and has resulted in the 
emergence of high-production machines capable of 
producing solings in a \ariety of polymer' and colours 
and in different material densitic' for different func
tion<tl needs. 

l he: sruck-1111 technology requires that ii unit sole he 
pressed on to the upper, hut this operation has not 
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been significantly dc,·clopcd. Ho\11;c\·cr. autl'mated 
roughing and ~"Cmcnting machines and operations 
ha\·c emerged. To ensure a good mechanical board to 
the shoe upper. it is often required to rough the lasted 
margin; that is. the pan of the upper to which the sole 
"·ill be bonded. This operation is now totally auto
mated. and the latest dc\·clopmcnt is machines that 
can rough shoe styles and which ha,·c a sole that folds 
around the upper sidewall roughcrs. 

One of the most complex shoemaking operations 
mentioned abo\·e is lasting. Herc. a flexible. two
dimensional material. the shoe upper. is com·ened 
into a semi-rigid three-dimensional st:ape. This has 
long been a mechanical operation. but recent dc,·el
opments hne seen an increasing degree of sophistica
tion. so that precise draughting forces can be exerted 
for the shoe being lasted. Computer control has made 
it possible for machines to recognize whether it is a 
left or right shoe being lasted. and for shoe recogni
tion data to be transmitted from one lasting machine 
(the forcpan laster) to another (the scat ~nd side 
laster). In essence. the skilled manual intervention of 
the operator has been progressively dih1inishcd to the 
point where an unskilled operator can undcn~kc the 
work. 

The other area of shoemaking technology where 
considerable technological dc,·elopment has occurred 
is in stitching work. From the days when an operator 
held various upper compcncnts together and stitched 
them into a whole. sewing-machines ha,;c developed 
to the point where a \·ariety of sewing-machine designs 
arc available and can undcnakc a va:-icty of related 
operations as well as specific tasks. As an example. 
scwing-mar.hincs can automatically back-tack. cut off 
thread. simultaneously sew two rows of thread and 
change the density of sewing. if required. A consider
able amount of shoemaking upper assembly is carried 
out on sewing-machines in which the upper component. 
functional and decorative. is held together in a template 
and placed under a sewing head, where a pre-pro
grammed stitch path is followed. This is a well-estab
lished technology. hut developments have appeared 
recently, making it possible to input stitching data 
direct from computer-held design data. 

Another shoemaking operation that is also being 
directly affected by advances in microprocc!>sor tech
nology is cutting. Traditionally, upper matc.ials were 
cut or "clicked" by hand. Swing beam presses were 
subsequently introduced, later to be complemented by 
travelling head presses in which la)ers of material 
were fed on a conveyor under a cutting head moving 
across the direction of travel. The latest development 
is for the computer to decide the nesting of the 
components to achieH' maximum materials utili1ation 
and then lo proi:eed to cut out the components 
automatically. Related 10 this operation is the cutting 
of leather. Being a natural material from a living 
animal. full-grain leather often has surface disfigura
tions and imperfections. These can ca,.ily be arnidcd 
when uppers arc cut out by hand, hut the solution has 
proved somewhat intractable when translated into a 
machine operation. Current attempts to solve the 
problem involve identifying the surface imperfections 
and then nesting upper components towards a rcpre
scntc1tion of the leather on a screen. When the nesting 
is complete. it is "locked" into the computer, and 
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cutting can taKc place automatically "ith no funher 
manual intervention. Such machines were introduced 
into commercial production in 1989. 

( c) .\fc>,·ing the shot! aHemb(r 

Over the past two decades. mechanized shoemaking 
has been organized on a track system in which the 
progressi\·cly assembled shoes arc carried around on 
pegs and lifted from the traclo; by operatives to 
perform the next operati-.1n. This is a logical system 
combining a fair degree of flexibility in production 
and construction methods with reasonable through
put. but demanding a good long run of particular 
styles to justify the established set-up. !n order to 
impro,·e producti\·ity and to shonen the work. a 
"rink .. system has been dc·.ised in which the shoe
making machines. for instance. from insole attaching 
to the last through to sole pressing. arc arranged ir. a 
horseshoe. lnst~·'td of an operator being assigned to a 
specific operation. the throughput of the rink is the 
responsibility of the team that undeno1kcs a variety of 
tasks around the rink. as required. The team also 
inspects its own work. 

The success of the rink in shoemaking has been 
prodigious. It is not unusual for productivity. measured 
as shoe output per operator. to jump by at least 20 per 
cent. Rejects have been \·inually climi'latcd and higher 
quality in production is achic,·cd. all within a far 
smalicr floor area. The rink owes virtually nothing to 
new shoemaking technology. being more a direct 
function of the standard methodology of production. 
More recently. even further developments have been 
spawned to make the rink more efficient. These 
include coolers to lower the temperature of the last 
quickly (so that they can be returned promptly into 
production) and also compact. high-rise dryers to 
ma;ntain throughput without taking up more floor 
space. 

(d) Computer-aided design 

ih'!' mo~t far-reaching development in shoemaking 
without a shadow of doul t is CAD; it has the 
potential to form th.: basis of a revolution that will 
inevitably lead to fully automated production. The 
work started in earnest during the 1970s. when efforts 
were expended on mathematically mapping the contour 
of a last. a highly involved and complex operation. 
This was followed by the development of micro
computers and laser and water-jct cutters, which lend 
themselves to microprocessor control. Finally. there 
arose the need for shoe manufacturers to respond 
more rapidly than ever to new fashion trends. 

When all these possibilities and motivations were 
pressed upon shoe manufacturers. CAD was born. Its 
most popular application to date has been to provide 
a technology for engineering shoe pa11erns for a full 
range of shoe sizes. Briefly. it is now possible lo design 
a shoe. if required. on the computer screen. and thus 
to draw up the components which can then be 
produced instantly for rhe full si1e range by means af 
a laser. water-jct or reciprocating blade culler. Pattern 
engineering along these lines is now common practicr 
in Europe, North America and elsewhere. Companies 
arc beginning lo explore the pos.sihilities of designing 
shoes on the screen in three dimensions. changing heel' 



heights. toe shapes and !h~ colour and texture of the 
upper materials al the touch cf a button. 

The latest dc\·clopment in this technology is for the 
computer-generated data ,m stitching lines Ill be 
direct!~- downloaded from the CAD station to the 
production machines on the shop floor. Such de\cl
opments arc still rare. but there are exampks uf 
applications in Mexico. Republic tlf Korea and L'r:i1ed 
Kingdom. The use of the technique is bound lU gro"' 
simply because of the few hours \\ilh which it now 
becomes possible to mo\·e from the design to the 
production stage. Pre\iously. this part of the produc
tion process could easily ha\·e taken months. Some 
manufacturers arc also using the pattern engineering 
technology to produce shoe components for the small
·.-olumc ends of the shoe size range. It pro\·idcs a fast 
and convenient way of making smali quantities of 
shoes without affecting mainstream production. 

These steps arc leading to computer-integrated 
manufacture !CIM). the consequences of which are 
immense. Using the established global telecommunica
tions network. il is now possible 10 design shoes in 
Paris. to produce the patterns and samples in Milan. 
and to have the footwear produced in East Asia. All 
of this can be done within hours and days using data 
generated at the design stage and fed. where required. 
throughout the world. It would seem that the next 
stage of development is for shoemaking machinery to 
be tailored in harmony with thi:. new technology 
rather than for shoemaking machinery to be further 
developed in isolation of the opportunities offered by 
the combination of CAD ;..nd CIM. 

(c) Em·ironmental c:msiderations 

A newer pressure being experienced by the lcather
making industry is that of environmental protection. 
This has been felt traditionally in developed countries. 
where effluent discharge regulations arc increasingly 
severe. but the pressure is now spilling over into 
de• eloping countries and NICs. Additionally. cmiron
rr.cntal protection is being extended to embrace 
solvent discharge. and this is h;1ving an impact on 
various lcathermaking operations. A prime example is 
the roller-coating machine, which can easily use low
solvcnt and no-solvent finishes. giving it an edge over 
finishes used in a conventional spraying machine. 
Ultra,·iolct curing of leather finishes where no solvent 
is employed provides a related example of how 
technology and hence lcathcrmaking machinery may 
be influenced by environmental legislation. 

1. Slro,making maclrin'r>' in Italy 

Italy is without doubt the leading producer of both 
shoemaking and lcathcrmaking machinery. The prn
duction of such machinery dates back to the beginning 
of the twentieth century for tannery equipment. but 
the major pha~c of growth occurred after the Second 
World War and has cqntinued into the 1990s. The 
tanning machinery branfh consisrs of around 55 com
panies employing I ,!!00 people and gcncra,ing an 
annual turnover of$240.'3 million in 19!!9 (prov.sional) 
and a forecast turnover of $275J million i11 1990. 
About '70 per cent of 'production is for cx;>0rt to 
such important markets' as China,' Spain, USSR and 

Venezuela. In 19M~. the EEC purchased Italian lcathcr
making machinery lo the \all!c of S3 I .3 miHi,m. while 
Asia bought equipment \\orth nearl~ S.UU< million and 
Central and Stluth America nearl~ S 15.3 million. The 
distribution of Italian leathermaking machiner~ e'lports 
in 1939 is gi,en in table l\".140. The majorit~ ,lf tanning 
machinery manufa•;turers are members of the Associa
tion of Tanning :\fac.hinery c,lnstructors 1Cl!\tAC01 
based in Milan. Their role i-; to promote. in \.Ollabon
tion with the ~ational Institute for Foreign Trade. the 
acti\"ities of associated industries on w,uld markets 
through C'lhibitions. market suneys. trade missions and 
conferences. 

ASSOMAC. thc Italian shoemaking machine~ manu
facturers association. estimates that Ital~ produces 
shoemaking and tcathermaking machinery llhere i~ 
no breakdown between the t\!o o categ,Hies I to the 
\"alue of S72!U miliion annually. On the basis of 
tannery machinery producti,m estimates obtained from 
CIMACO. shoemaking machiner~ production in Italy is 
worth around S-PJ.4 million annuall~ _ ASS0:\1AC 
estimates that Italy has around 60 per cent of the 
global market for shoemaking machinery. worth 
approximately SMOl.2 million. The Italian figures 
exclude sales of injection moulding machiner~ _ which 
are substantial. but include spare parts. As shown in 
table IV.141. the main Italian markets are France. 
Federal Republic of Germany. Japan. Portugal. Spain. 
United States and USSR. In 1988 the CSSR took 
plant to the \"alue of S 145. 7 million. including tannery 
machinery. 

t*1c I'i.lfQ. Emort distribt!tioc of Itilj4t1-M!c All!!< i!!d $i•t 
for tbc gnpmtjaa ii!!! wrung of _lHtl!cr hi4rs iDd furs. rm 

IlpOrtiaq Equii-at CllSts Fvalltiq! sllin P!rccitq cllanqe 
couatry 1 tllousods of dollars l 1919 m1-m9 
or U'el 

llSSI 12 m 2'-0 lll.4 
sp.ia ; 911 7.1 -14.J 
lruil s 291 4.7 HU 
l!pmlic ot loru s 127 4.6 56.4 
Genmy. feduil 
aei-lic of 4 676 4.2 II.Ci 

lllitld Stlta 4 461 4.0 lO.S 
1111.-ru 4 172 l.7 999.9 ,,.. 4 0&7 ). 7 IJ. 7 
luico 4 062 ).6 122.l 
C1iM ) 914 ).1 -72,, 
rr.ce ) 492 ).1 J0.9 
Ii~ ) 427 2.6 999.~ 

l'artm!ll 2 925 2.6 -16. 7 
llai.q lollq 2 192 2.6 -ll.l 

lmt 2 192 2.4 667 .1 
h11D5lnia 2693 2.4 71.l 
lldi• 2 629 2.l -27 .6 
1.i-i1 2Sl9 2.2 74.} 
lllitld ~ 2 405 1.9 ll.S 
l!tllll'ladl 2 144 I. 7 ·II.I 
ftlaild l 939 u 36.4 
Ar911tiu l 714 1.2 6.1 
PlkisW 1 lSl 1.1 -iu 
Tai• Pmilol 1 171 1.1 -60.6 
'-1•1• 

1 '" 
1.1 ·17.2 

10rAL 111 70 100.0 

:imlfll: W«iltiOI Of TllUliaq llldlilltr'f C-llllct.OD (Ill.a). 
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•jb!e rt.Ul. bport djstrjb!tti!!ll ot r;,1 it!!!=Mlr A!ICS Md gj•t 
tor tgct!M M!N(.Jct.PR i!!d mtirs 111' 

llplrtili; •pmlt CI05ts ~sllire ~dlm)t 
CD9try I~ of. dollirSI 19" l,.H,., ·-
1ISSI 52 227 ll.6 372.~ 

~ ll 171 1.5 2U 
Ollital Stites I 414 5.4 14.1 
spu. 1 "4 5.1 u 
J.- 7715 5.0 -10.9 
Pmce 7 151 u 37.7 

'--'· flderll 
llpelic of. 6 5'7 4.2 54.2 
'-I 1119f 5 516 3.6 4.2 
lnim s 3'1 3.5 112.7 
Ollited~ 4~ 3.1 -u 
aw. CSU 2.9 '4.4 
Illli.I 4)01 2.1 -42.0 
C1ia 3461 2.2 -10.1 
SGllthlfriCil 2m 1.5 7.l 
bblsii 2 720 1.7 1]0.0 
Gr-. un l.7 -16.l 

~ 2 224 1.4 11Q.l 
tmnm 2.,., 1.3 72.5 
"9lll1nU 1 "3 1.3 -1.S 
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J. Slto~maliing in tit~ F~fhral R~public of G~rmany 

The second most important shoemaking machinery 
producer is the Federal Republic of Germany. with an 
estimated production (including injection moulding 
equipment) of approximately $242 million. The Federal 
Republic of Germany has a major ~hoemaking and 
leathermaking machinery industry represented by its 
own association. the German Association of Shoe and 
Leather Machinery Manufactures. which is a division of 
the German Machinery and Plant Manufacturers 
Association. The shoe and leather machinery rr.anu
facturers association includes ]!! companies. and the 
country's annual production of shoemi-.king and leather
making machinery is valued at approximately $245 mil
lion. Of the total leathermaking machinery produced. 
as reflected in figure IV.28. injection moulding equip
ment accounts for 54 per cent. footwear sewing
machines for 28 per cent, tanning machinery for 
12 percent. and leather-goods manufacturing machinery 
and shoe repair machinery for 3 per cent each. As 
shown in figure IV.29. approximately 95 per cent of 
output is exported to 110 countries. About 29 per cent 
is sold within the EEC; Ill per cent goes 10 EFTA and 
other Western European countries; IR per cent is sent 
to European countries with S1a1e trading organi1a-
1ions; and 16 per cent goes 10 Asia. North and Central 
America take 7 per cent. Africa 6 per cent. and South 
America 4 per cent. 
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Figure IY.28. Leathermaklng and shoemalng 
machln-.ry sales In the Federal Republic ol Germany. 
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Figure IV .29. Ellport• of leathermaklng and shoemalng 
machinery by the Federal Republic ol Germany: 

country shares based on 1987-1990 averages 
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4. Markets for l~atlt~rmaking maclrin~ry 

(a) Production and consumption 

The production of leather is essentially stable 
because of the limited availability of raw material. and 
this. in turn. restricts the demand for new learher
making machinery. The trend is for the high-labour
cost countries to im•est in high-prnductivity equip
ment that achieves high quality without excessive 
demands on the work-force. One type of this sophisti
cated control equipment can undertake all the routine 
operations. from adding water to drums. to checking 
and adjusting liquor temperature and pH. revol\ing 
drums. and stopping :he cycle when the production 
sequence is finished. Such equipment. produced mainly 
in Switzerland and to a lesser extent in the United 
Kingdom. is selling well around the world. 

The total value of the leathermaking machinery 
business is expected to be of the order of $5112. 7 mil
lion in 1990, on the assumption that the Italian 
industry has about half the world-wide business. With 
the continuing move oflcathermaking to Asia. demand 
from Asia should remain on the increase. although the 
highly sophisticated lcathermaking industry in Europe 
will continue 10 purchase the most expensive machinery. 



The npenini?-UP nf Lastern hmlpe ''ill als<l. it 1-. 
anticipated. generate a nwre S<lphisticated leather
making industry in such C<lltntrie-. as C1e.:h,lsl,n;ikia. 
Poland. t:SSR and Yug<l~la,·ia. and in the tcrrit,1ry ,lf 
thc former German Dcmocrati.: Republi.: after uni
ficatitln of the t\\tl German States. each in its turn 
engendering higher demand. ~1ajor countries and 
areas in :\sia i;'ldude China. H,mg Ktmg. India. 
Indonesia and Pakistan. Estimates of the le\'el of ne\\ 
tanning machinery exptlrts arc gi\·cn in table I\". I-':!. 
Among indi\'idual countries. China is thc largcst 
exporter. followed by Spain and \"cnezuela. At the 
regional le,·el China is als,, the principal .:xpt>n;:r \\ith 
Central and South America sccond. 
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A significant feature of intcrnational trade in 
leathermaking machinery is for redundant machinery 
from tanneries that ha\'e clnsed do\\ n in Europe and 
the America' to be rented and shipped to de\'eloping 
countries. Such machinery sells at about half the pri..:c 
of equi,·alent ne\\ machinery. Developing counlries 
are not likely to 1mest in such sophisticated cquip
menl a' their European counterparts because: first. 
they do not have the same urgenl need to au'.omatc 
their operatiom; secondly. they often lack the resources 
to maintain the machinery in peak condition; a:-:.! 
thirdly. such equipment is \Cry expensive and its price 
cannot always be justified. 

(h) lnd1Hffl' ourlnok 

There is a mo\'e towards a concentration 11f indcpen· 
dent lcathermaking machinery companies. paruculJrly 
in Italy where at least one major group has heen 
forming. This move "'ill rnn1rih111e toward' higher 
in"e't mcnt in research and development for machinery 
dc,ign an,d cons1ruc11on, although I! will most probably 
result in less d10icr for the buyer. Research a"ocia-

ti,rn-. in hm•p.:. principally in France. Federal Rc:;m
hli.: <lf Germany. Italy and l"nitcd Kinglh•m ha\e 
made a majt•r .:ontributit>n l<'''ard-. kathc:rmaii. .. 1g 
ma.:hinery de\ dopmcnts by being in a p<•-.illt•n !<• 

assess ideas ad\.mced by the machinery manufa.:turer ... 
h>r example. m11:rowa\C drying t>f leather h . .b Occn 
described by the Tanners School at Reutlingcn as an 
"instant'" tanning method. In a similar \ein. CSIRO in 
Au:.tralia has .:ontributed significantly t~l leather
making machinery dc\dtipment. \\<Jrking closely \\ith 
an Italian drum manufacturer to a:.s~s and dc\elop 
new hide unhairing processes. 

Future prnspect:. for the ma.:hinery indu~try arc 
satisfactory. The Cllnstraint on raw material supplies 
will always restrict leathermaking production. and 
recent additional restrictions ''° gro\\ th include the 
"grcen·· mo\ement. which makc:. leathermaking in
creasingly difficult in regi1.ms such as Europe. as \\ell 
a:. animal rights protestors who Ctluld \\ell etlme to 
regard leather a-. an unacceptable material. if they feel 
1hat animal \\elfare is not being gi\cn a high enough 
priority. 

5. Jlarkers for slroemaking machinery 

(a) Productior. and consumption 

World footwc.ir output was estimated at 9.705 mil
lion pairs in I 9!l7. and is projected to in.:rease to 
11.362 million pairs by the year 2000. O\er half this 
production (~I per cent) is manufactured in Asia. 
including Western Asia. followed by Eastern Europe 
( l!! per cent). Western Europe (12.5 per cent). South 
America (9 per cent) and !"orth and Central America 
(6.5 per cent). As the trend is towards mechanized 
prodt·ction of footwear. these percentage shares of 
global production can be considered a rough guide to 
where the market is for shoemaking ma,hinery. 
Howe\'er. the picture is seriously distorted by the 
considerable quantity of shoemaking machiner~ pro
duced in A.s1a b• local manufacturers but not appearing 
in the statistics. In addition. Brazil. for in-.tance. 
prohibits a considerable amount of imports; thu.: 
shipments of such machinery are sometimes not 
recorded. 

Global production of shoemaking machinery ha' an 
estimated \'alue of SXO. I million. of which Italy is 
reck,ined to account for a till per cent share. The other 
major shoemaking machinery rnuntry is the: Federal 
Republi<. of Germany. with an approximately 25-30 per 
cent share. The United Kingdom probably Jccounts 
for about 15 per cent. An annual im·estment of 2 per 
cent of turnover is considered, by so1.1e observers. as a 
reasonable estimate of what shoemaking companies 
spend annually on new shoemaking plant and equip
ment. 

There is a continuing move of shoemaking around 
the world as it gravitates to the lowc:st-labour-cost 
countries and areas with an adcq:iate infrastructure 
for the production of and international trade in 'hoes. 
Thus. in thr Republic of Korea and Taiwan P111vince 
there is a lllll\C towards higher-\ alue net prodm;tion 
(al'o a wa\· of circum\'cnting import resrnction' to 
de\'elopcd markei economics on the hasi' of pairagc). 
"hile nc\\ shoemaking plant- arc rapidly opening up 
in China, Indonesia and Thailand. 
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I bl Industry outlook 

Current shoemaking trends plus the expanding 
market for foolwear and new shoemaking 1echnology 
means 1ha1 1here is generally grnwing and buoyant 
demand for new shoemaking machinery. The higher
labour-cost countries tend to im·cst in the most 
sophisticated equipment. but with the need to respond 
quickly to this challenge. producers in Eastern Europe 
and Asia arc considering the purchase of such 
equipment. This trend applies equafl~· to CAD. which 
can translate new shoe designs into production in a 
matter of hours. 

The general outlook for the shoemaking machinery 
industry is good. Shoemaking operations will become 
increasingly de-skilled. with a continuing shift towards 
automated production. Western Europe and the Unit.:d 
States are expected to remain the leaders in the design 
and production of new shoemaking machinery in the 
shon to medium term. simply because .:omputer 
technology is featured so prominently in the equation. 
The markets for the equipment, however, will be 
increasingly found in the main shoemaking countries 
in Asia. 

M. Soft drinks (ISIC 3134) 

Recent changes in brand sales and ownership patterns 

There is no int:1 nationally agreed definition of the 
term soft drinks and methods of data computation in 
the industr~ are nol uniform. It is therefore difficult 10 
make direct comparisons bc1wccn soft-drinks indus-
1ries in differen1 countries. In 1hc United S1a1es. for 
instance. the term sof1 drinks refers to carbona1ed 
drinks only. while in Europe ii indudcs all kinds of 
waler.juices and olher non-alcoholic drinks containing 
sugar and flavouring subs1ances. Where possible. 
consisten1 definitions are applied in the presenl 
re\'leW. 

For soft-drinks sales world-wide. the 1980s have 
been a decade of unparalleled growth which is only 
now beginning to slow down or decline sharply in 
some places. From established markets in the Uni1cd 
States, the home of Coca-Cola and Pepsi-Cola and 
Western Europe, demand has spread 10 !he former 
centrally planned economics of Eastern Europe and 
the USSR and 10 developing countries. where the easy 
availability of soft drinks is seen as one of the keys to, 
and a sign of. increasing prosperity. 

I. Production and consumption 

Table IV.14) provides global .;of1-drinks production 
figures. Production rose from 46.5 billion litres in 
1980 to 55.J billion litres in 19!17. The 1987 lc\'el 
marked a 3.4 per cenr increase over that of 1986. Geo
graphically. the soft-drinks industry of Western Europe 
remained the largest producer with approximately 
21 and 21.4 billion litres (or 16.2 and 16.4 billion litres 
for the EEC) in 19H6 and 1987. resJJectively. thus 
accounting for about J9.J and .lH.7 per cent of total 
world production. While Asia ranked second in 1987. 
with about 14.K million litres of soft drinks. it is worth 
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noting thar Africa experienced a remarkable produc
tion increase of 70.8 per cent during the period 
1980-1987. 

Because of the difficulty of obtaininz data on inter
national soft-drinks production and consumption, the 
approach taken here is to generate an imprcssicn of 
major market mo\'emen1s by examining available data 
for a few countries. An additional problem of dif
ferentiating bc1ween soft-drinks production, consump
tion. sales and shipments exists. Thus. informati.->n on 
any one of these \·ariablcs in one country or a group 
of countries is usd as a measure of industry or 
market activity. 

Table IV.144 shows 1987 comparative consumption 
patterns for \·arious drinks in selected countries. In 
most countries. soft drink ranks second to beer in per 
capita consumption. Per capi1a consumption of soft 
drinks is highesl in the United Slates and Australia. 
Figure [V.30 )hu":. ihc: market s.hare for s.vft drinll:s. 
and other be\·erages in the United States. 
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Figure IV.3'>. Market shares for soft drinks and other 
be~f89es In the United States, 1988 
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In the United States, carbonated drinks and bottled 
water ~ere the main gainers in 1988 (the latest year 
for wh1c~ figures are available), with per capita 
consumpuon up 4.1 per cent to 173.3 litres and 
12.2 per cent to 24.2 litres, respectively. As shown in 
table IV.145, the per capita consumption of soft 
:tri~ks. and other beverages rose from 415 litres per 
capita m 1966 to 530 litres in 1986. 

The market share held by soft drinks relative to 
other beverages is given in table IV.146. The soft
drinks market share increased from 19.5 per cent in 
1982 to 25.2 per cent in 1988. The share of bottled 
water increased from 1.8 per cent in 1982 to 3.5 per 
cent in 1988. 

Overall, 1988 beverage consumption in the United 
States continued to follow the pattern of the decade. 
Twenty years ago. carbonated drink consumption 
~tood at 94.3 litres per capita behind milk at 96.9 litres, 
coffee at 140 litres and tap water at 242.3 litres. In the 

Table IY.145. Pu capit4 ~tioA of set drjots aa!I otbtr bcycraqes 
in tile Quited states· 1'66-1916 
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last decade alone, carbonated products have seen an 
annual growth of 3. 7 per cent, spurred on by the 
growth of colas and diet drinks. 

The introduction of new products appeared to be of 
less significance. The main new product entry in 1988 
in the United States was a ginger ale-like version of a 
leading lemon-lime drink, which failed to make anv 
significant impact. Even the popular and fairly ne~ 
cherry-flavoured drink segment appeared to stumble 
in 1988, suggesting that it was a passing fad. Juice
added soft drinks also did badly in 1988, losing 
market share. 
. Fruit ju~ces as a product have not been as popular 
m the United States as in Western Europe. perhaps 
solely because of the high consumption of carbonated 
drinks. They have a "mornings-only" image, and since 
peaking at 29.5 litres per capita in 1983, juice 
consumption has declined by 27.9 per cent. Moreover, 
for the third time in the decade, the Florida citrus 
crop was badly hit by frost in December 1989, 
slashing the anticipated juic.e yield. Nevertheless, 
Florida still accounts for 70 per cent of the citrus juice 
produced in the United States. Ironically, Brazil was 
anticipating a bumper crop, but with so much already 
committed to Europe. it was doubtful whether Brazil 
would be able to fill the United States shortfall. 

Bottled water has been one of the successes of the 
decade in the United States, with an average annual 
growth rate of I I. I per cent. Largely the result of 
successful marketing campaigns, all segments, from 
flavoured seltzers (mineral water) and effervescent 
water to imported pure mountain spring water, have 
become increasingly popular. Originally, consumers 
bought it as a replacement for tap water, but it is now 
being used as a d•·ink in its own right. In the United 
States it also fits in with the trend toward a more 
healthy diet. In Europe, bottled water has likewise 

, show~ massive increases, partly arising from increasing 
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concern about the pollution 0f local water supplies. 
However. the recent discovery of sm;ill quantities of 
benzene in one of the market leaders. Perrier. in the 
United States (and subsequently other countries as 
well) led to a mass temporary withdrawal of this 
brand from the market. and may result in a downturn 
in the market as a whole. 

According to estimates by the Commission of the 
European Communities. in 1986 total soft-drinks 
production in the EEC was nearly 15 billion litres. 
Looking at Western Europe as a whole (the EEC plus 
Scandinavia. Austria and Switz-!rland), however. four 
major types of soft drink. (carbonates. still. juice and 
water) rose by an average of 4 to 5 per cent between 
1983 and 1988. giving an overall increase of 26 per 
cent. The Federal Republic of Germany is the largest 
consumer of soft drinks in Europe on a per capita 
basis (78 litres in 1986). comp3red with 68 for Belgium 
and 60 for the Netherlands. Portugal was one of the 
lowest at 24 litres pe1 capita. 

In the United Kingdom, the market for carbonates 
and concentrates (used in the production of a still 
drink by the consumer) expanded by 10 per cent in the 
thr..:e years up to 1989, reaching a market value of 
£3.4 billion in 1989. Although some of this growth is 
attributed to new product launches. it is the brand 
leaders that have considerably increased their sales. 
Low-calorie products have been a major growth area 
in both carbonates and concentrates. and 1989 saw the 
launch of caffeine-free diet coke. the first national 
caffeine-free cola brand. In fact, colas dominate the 
carbonates markel, accounting for 43 per cent of sales, 
anJ are the 'astest-growing sector. 

Concentrate sales were falling, first because th('y 
lacked the image of carbonates, and secondly because 
an ingredient commonly used in them, namely tar
trazine, became linked with hyperactivity in children. 
Since then, tartrazine has been removed and higher 
juice contents have been introduced, thereby upgrading 
the product. 

Most Eastern European countries have recorded 
substantial increases in consumption. Bottled water 
rose by 9.4 per cent over the period 1988-1989, 
carbonated drinks by 5.9 per cent. still drinks by 
9.5 per cent, juice by 6.8 per cent and syrups by 
2.4 per cent. 

The annual consumption of soft drinks in Australia 
also increased in !989, with production rising by 
7.6 per cent. In fact, per capita consumption has risen 
from 64.2 litres to 94.87 litres over the past 10 years. 

Consumption of carbonated soft drinks in South 
Africa reached 1.2 billion litres in 1986, slightly below 
the 1985 level, with a per capita consumption of 
40 litres. Coca-Cola has the largest market share with 
65 per cent, followed by Sparletta with 19 per cent, 
Schweppes with 6 per cent and Pepsico with 4 per cent. 
Mineral water consumption is minimal, consisting 
mostly of imported European brands. 

Turning to East Asia, annual production of car
bonated soft drinks in Japan dropped from 2.9 billion 
litres in 1985 to 2. 7 billion in 1985. Although colas 
occupy a sizeable portion of the market, .B per cent. 
table IV.147 shows that sales of carbonated soft 
drinks have been declining, with some c,1nsumers 
switching to canned coffee drinks, canned Oolong tea 
drinks and mineral water. 
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The market for soft drinks m South-East Asia is 
now valued at more than$ I billion, with consumption 
climbing to 3.8 billion litres. A study by IMES. 
a United-Kingdom-based market research company, 
covering Indonesia, Malaysia. Philippines. Singapore 
and Thailand. estimates that the fastest-growing sectors 
of the soft-drinks industry are sweet non-carbonated 
drinks and bottled mineral water. sales of which grew 
by 80 per cent in the four years up to 1986. However, 
most of the total of 3.3 billion litres of soft drinks 
consumed is accounted for by carbonated products, 
the market share of which grew by 50 per cent during 
the four-year period in Thailand, but was stable in 
Singapore and slightly down in the Philippines. 
However. their sales dropped by 26.5 per cent in 
Malaysia and by 45 per cent in Indonesia. 

1. Major compani~s and brand.t 

The three countries where corporate market power 
and brand loyalty play a strong role are Japan, United 
Kingdom and United States. Over the past three years. 
the suppliers of carbonates and concentrates in the 
United Kingdom (Mentel) have gone through an intense 
phase of concentration. Two dominant groups have 
linked to Coca-Cola and Pepsico. In January 1987. 
Coca-Cola formed a joint company with Schweppes 
called Coca-Cola and Schweppes Beverages, of which 
51 per cent is owned by Cadbury Schweppes and 
49 pe'r cent by Coca-Cola. The new company opened a 



tb.5 millwn s,lft-Jrinks ..:,lmple'.\ at Wakefield. Eng
land. in l'l!i9. the biggest plant ,lf its t~pc m Eurnpc. 

The second giant gwur was formed when Brit,ic 
Soft Drinks bought the chief interests of Beecham Sclft 
Drinks. forming a .:ompan~ called Britvic Coronas. 
t'iut subsequently reverting to its former name. The 
main brands arc Pepsi. Diet Pepsi. Brit\·ic. Corona 
and Seven-Up. A.G. Barr of Scotland. which leads a 
group of independent soft-drinks companies that arc 
expanding from their regional bases. acquired Mandora. 
and is spending £6 million on plant improvements. 

The :narket for fruit juice in the United Kingdom 
was estimated to be worth £835 million in 1989. Its 
rapid growth was fuelled by an increasingly health
conscious public. with a desire for convenience foods 
and new tastes. Gerber Foods Manufacturing is the 
leading supplier of cartoned long-life own-label juice 
in the United Kingdom. but at the end of 1989 it 
moved into the chilled-juice sector for the first time. It 
spent £4.3 million on a new plant at Bridgwater. 
Somerset, budding what is claimed to be the biggest of 
its type in Europe. capable of producing I million 
cartons a day. Combibloc and Tetra Pak cartons 
continue to enjoy immense success in the United 
Kingdom and Europe as a whole, and Tetra Pak. 
which accounts for 90 per cent of the aseptic market. 
sold 54 billion cartons world-wide, the equi\·alent of 
10 cartons for every person in the world. 

In the United States. concentration within the soft
drinks industry has continued since 1988. A list of the 50 
largest soft-drinks companies is provided in table IV.154 
in the appendi~ to the present section. The percentage 
market shares held by the top four companies in 1987 
are shown in table IV.148 for their top brands. Coca-
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----·----------

~; llYcrg Diat. 

<.:,lla is the leader with a 3.i.3 per cent share. followed 
b~ Pepsi-Cola with ~b.'.' per cent. Hicks and Haas with 
"' . .,per cent and R,lyal Crown Cola with l.6 per cent. 
The Clmtinucd change in concentration is reflected in 
table I\'. l-'9. 

fiblc ['j.144 • On- ia Mikt slllrt of tllLillm 
ltrl1r5t SO(tjlrjm 991j15 i1 tllc C!titcd S'.tt§. biHHl 

IUllltnm~es 
OICl-CDLl 3'.9 40.l 0.4 

"PlioO!l• 2'.I )().2 0.4 
lids ill! IMsil 11.6 U.l 0.5 
Tot'1 11.l 12.6 l.l 

lidle~es 
loyll er- ).l 2.9 -0.2 

caa.s. ~ 2.5 2.1 -0.4 

cmiieac l.l 0.9 -il.2 
Slllst& 0.1 0.6 -0.2 
Tot'1 7.5 6.5 -1.0 

tvt&l II.I l'J.l O.l 

lll otller ~es ll.2 10.9 -0.? 

tom 100.0 100.0 

lil!ml: lmra Di.at .S Qaitcd SbtA rmtrill CWoqt 
1212 (lllsbiaqta, D.C., lllit.d 5tltls Dlplrtat of a.-t, 
1919). 
If IlclldiaiJ .... Plpr, ~. 1 411111 (rvot Iller) -

Sqllirt Inds. 
~ IlclCialJ Sllkist bolds. 

The market share by each of the niche companies 
decreased. though only slightly. between 1986 and 
1987. Share increases were reported by Coca-Cola. 
from 39.9 to 40.3 per cent. Pepsi-Cola. from ::!9.8 to 
30.2 per cent, and Hicks and Haas. from 11.6 to 
12.1 per cent. By any measure of comparison. the 
United States market still has an extremely high 
degree of concentration. The top three companies 
took 81.3 per cent of the market in 1986 and 82.6 per 
cent in 1987. 

Table IV.148 shows how the market share is di\'ided 
among the 10 major brands of soft drinks. Classic 
Coke is shown to be in first place with a 19.K per cent 
share. Pepsi in second with 18.8 per cent and Diet 
Coke in third with 7. 7 per cent. The capti\'e bottling 
network of the two largest cola franchise organiza
tions. Coca-Cola and Pepsi-Cola, continued to grow 
by acquiring selected independent franchises and by 
in\'esting in others. It is estimated that the capti\'e 
franchise bottling networks represent more than 40 per 
cent of the total branded output of the franchisers. 

The Japanese market is comparable to other m.ukets 
in its shift towards brand sales in bottled waters. A 
slow-down can thus be observed in the sales of major 
soft drinks by brand. As alreadv shown in table IV.147, 
sales of lemon carbonated soft drinks fell from 
422 million litres in 191!4 lo J73 million litres in 19!!6. 
and only reco\'ered slightly to reach J79 milliun litres 
in 19!!7. Similarly. lemon-lime drink sales fell from 
76 7 million litres in 19!!4 to 6>!2 mil hon litres in 19!!6. 
and .\lahili1ed at 690 million litres in 19!!7. 



Although soda water constitutes onl~ a small 
portion of the Japanese bc\erage market. ta:,le l\".150 
reflects trend similar to that dcscrit.e<l abo\·e. but the 
adjustment has been more pronounced. Soda water 
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sales thus show a continuing decline from 174.1! million 
litres in 191!4 to 97."!. million litres in 191!7. 

Changes in market shue b~ the major companies 
imol\ed in producing mineral water ha\c: been almo!>t 
negligible in the past tW•) ~ear". Table 1\ .. 151 shows 
that Suntory Ltd. held the largest share at .+0.2 per 
cent. followed b~ Kirin at I! per cent. Hoorinai at 
5.2 ~r cent and ~ikka at J.4 per cent. 

J. Slrort-t~rm outlook 

Because of lack of information. forecasts beyond 
191!9 are not a\·ailable. Table l\'.152 thus reflects the 
forecast global sales for 191!9. Sales are expected to 
ha\·e been worth SJ5.6 billion in the United States. 
SJ. I billion in the l'nited Kingdom. S2.J billion in the 
Federal Republic of German~. S2.0 billion in France. 
s 1.9 billion in Italy and sn.x billion in Japan. The 
United States is ~hnwn to ha\·e the largest market 
~hare at 77.9 per cent. followed b~ the United 
Kingdom at li.9 per cent and the Federal Republic of 
Germany at 5.1 per cent. Data for 191!1} are also 
provided in figure IV. J I. 

A more detailed set of forecasts is a\ailable only for 
the United States and onl~ at the aggregate soft drinks 
level. As shown in table l\'.152. howe\er. forecasts are 
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Figure IV .31. FONCaat of globe! soft-drinks Nies. 
by counlrln, 1919 

restricted to only a few of the included variables. 
Table IV.153 shows an 8 per cent increase in the total 
value of soft-drinks shipments by industry between 
1988 and 1989. 
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