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Introduction 

This paper deals with certain technical-economic aspects of the enerttv 

economy which result from past and prese!lt developments in it. Based on the 

findinsts of thi'J part, it also elaborates on the impacts on Possible future 

issues and by buildinst scenarios arrives at some conclusions relatinst to 

steneral and industrial strowth. 

The study is elaborated with both econometric anal vs is and modellinst. 

t:conometric method was applied for analyzinst and defininl the tendencies of 

enerstv consumptio!l and to identify chanstes in it tostether with the underlvinst 

factors of it. (Econometric analysis was used for the calculation of tt.~ 

future possit.!~ demand for ener'tY dependinst on the structure and its .:han2es 

in a tiven economy, as well). 

Modellint, on the other hand, offered a macro-economic framework and 

served as an instrument in the elaboration of different scenarios of strowth of 

the world economy, and equally, for measurinst their impacts on the enercy 

economy. 'nle calculations based on these scenarios were run by a model system 

called UNITAD. 

Thus the final model results are the outPUts of a set of different states 

of the inves ti&&tion. Part of the results of the calculations with 

•!cono;etric methods is the inpUt for the modellint. Therefore the analysis of 

the past and the behavioural proble• preceeded the scenario buildin1t sta,e, 

which was followed in turn by the calculations with different scenarios. Some 

conclusions follow at the end-sta,e. 

This paper presents in a rather reduced form the results of t.he different 

• ta,es mentioned above. !/ 

1/ The paper is baud on the rePOr t of the UNIDO Project No. US/821033A, 
"Development Strate,ies and International Policy Alternatives," elaborated 
bv UA&l for UNIDO, as "Analysis of the Enercy Sector in ~elation to 
Induatrialization Scenario• for the \ear 2000" (by Ch. La'er, J. Royer, 
A. Smy1h lyaev). 
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The historical analvsi& firstly concer.trates on the sharo decline in 

enersty intensities (terajoule per 1970s of GDP (TJ equals joule to 12 >> 

observed in industrial oroduc tion of major developed economies after 1973. 

The ch an ~e in the price elasticity of enersty intensity which took place in 

each industry between 1964 to 1980 has been exolained bv two components; 

ener1ty sa·. inis due to technical orostress and impact ot chanste in product-mix. 

The product-mix effect is seen to exolain a si2nificant oortion of the orice 

elasticity (401 and above) in tour induftries out of five. 

Five ener2y-intensive branches of eistht: major industrialize'J countries ot 

North America (USA), ~estern Europe (Austria, France, Federa~ Republic of 

Germany, Italy, UK), Eastern Europe (Hun1l4ry), and Japan were put under 

examination. The annual rate ot chanlle in ener2y intensity in the 11J70s is 

found to be 2enerallv ne2ative 1 rou2hly ran2in2 from -1% to -41 oer annum. 

ldentifyinll some fitteen specific coamodities protJuced by these branc~es. it 

is then demonstrated that the decline in ener2v intensity can be explained to 

a larlle extent (measured in the study) by a shitt ot output towardF the less 

ener2v-intensive commodities within ea~n hranch. 

The observed shift in output-mix towards less enersty-intensive conm~dities 

can be thou2ht to be pennanent, i.e., r~lated to a lon2-term move, or 

temporary, i.e., due to a cyclical slowdown of the economy. The importance of 

this issue cannot be underestimated, since a permanent shift of industrialized 

~conomies towards less enerstY intensive coamodities would stron2ly affect the 

intern&tional division of labour. Unfortunately still no 2eneral answer can 

be stiven at this stalle in an analysis which is restricted to the 1970s (the 

picture will be much clearer when the recession is over), but the reoort 

already of tex s a tew cone lusions. In sov.e cases, e. st., tor non-ferrous meta h 

in the Federal Republic of Germany, some qualitative evidence of temoorarv 

chan2ea is found. The case of iron and steel, which is quantified in the 

str.1y for seven countrie11, is vet of a different type. A Permanent shift 

towards less ener2y intensive processes, which can be assi2ned to a lon2-term 

technical prostress su22ests that little around, if any is Prepared in the 

seven developed countries for a new international division of labour in steel. 
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Next an attempt was made to extend the 1iteo2raphical covera2e of the study 

to the world divided into ten re&ions (but not includmi.t Centrally Planned 

Economies of Asia on which little data was available). For this purpose. the 

production of fitteen coamod1ties was analyzed in 80 countries over the eleven 

years from 1910 to 1981. The main findin2 at this stai.te was that most 

developin2 countries increased their world shares in the production of 

ener2v-intensive itoods. 

Eneri.tY intensity coefficients for five sub-sectors (chemicals. non-ferrous 

me!:als, steel, non-metallic mineral prod•1cts. pulp and paper) and for the 

primary processin2 sector as a whole in each of the ten re2ions were 

calculated by an econQDetric procedure. This w,"\s used to measure the shift 

towards more (or less) en1:r2v-intensive commodities within each subsectoc in 

each re&ion. from 1970 to 1981. In developed re2irinr., massive evidence of a 

shift towards less ener.stv-intensive products is found. except in the 

natural-resources endowed "Other Developed" re2ion (Australia, New Zealand, 

South Africa). In developinSI. re2ions, and especially West Asia-North Africa. 

the opposite rule prevails, i.e., ~ift towards more ener2y-intensive 

commodities. The fast industrialization process in new industrializin2 areas 

is also drivini.t many developin& e<;onomies towards ener~y-intensive components 

of sub-sectors. 

The ran2e of trends due to structural chan2e in tile first four developed 

re&ions are all nestative, (in percent it is -0.5 to -0.7) while no si2nificant 

trend was found in the "Other Developed" re2ion. the ml"st natural-resourc~ 

endowed fo basic products. In contrast, three positive trends were found in 

Latin America, Sub-Saharan Africa and West Asia-North Africa, with the 

followin~ values (in percent p.a.h 0.5, 1.9, and 1.3, respect~vely. Finally 

two ne2atively sloped trends emeree for the Indian Sub-Continent (-0.4i) and 

for East :and So1.ath-East Asia (-1.7%). (The latter fi&ure should be 

interpreted with caution since it is lar2ely due to one sub-sector. chemical 

industry, with a decreasin2 wei2ht, not to mention the uncertainty in 

estirnatin2 a trend in this sub-sector). ~f the two companents are added up we 

&et dt,cr eas in& trends of ener2y-intens ity for the developed re&ions. These 

ran2e from -2. l to -2.9%. The picture i• diversified for tho developin~ 

re~ions~ no overall trend exists in Sub-Saharan Africa, where the increas inst 

intensity due to &tructural chanP,e compe:isates the decreasin2 intensity due to 
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technical oro"ress. The trend has a nestative slooe of -12: 10 West Asia-North 

Africa, ne&ative trends were found in Latin America and the Indian 

Sub-Continent, with a slooe of around -21 and a slooe close to -42: was found 

for East and South-East Asia. 

The least ~hat can be said on the structural chan~e effect is that the 

Positive chan&es found in Latin America, Sub-Saharan Africa, and \!lest 

Asia-North Africa comoly with expectations since these re~ions are natural 

resources and/or enersty endowed. The ne&ative trends found in the tour 

larstest developed re~ions, on the other hand, su22est that close to 252: of the 

overall decrease in ener&Y intensity can be attributed to stru~tural chan&e. 

It therefore looks as it major chan2es occurred in the 1970s in the 

international division of primary processin& industries-;. developed countries 

moved towards less ener"y-intensive industries, while an increased share of 

more ener~y-intens ive industries was observed in developin& reiions. Even 

thoudl it is too early to st;ate that these chan~es can be considered as 

lon"-term trends, it is interest111~ to study, throu~h simulations, to what 

extent they are likely to affect the world ener~v balance. This is the object 

of Part II, in which the results of the simulations done the conveniently 

modified UNITAD model are oresented. 

"".1rt of the result of the exPer iments confirm exoectations. But still 

there was one unexpected result-;. the total world use of primary el'er2y in 

industrial sectors decreases, and so does total world ener2v consumption. 

This reflects the fact that all indirect effects of the North-South 

substitution in the basic products sector, when oermeatin2 other sectors of 

developin& economies, give rise to less ener11y conswr.pt ion than in the North 

(see p. 13~. 

The trend scenario up to 1990 to"cther with Bimulation A from 1990 to 2000 

can be considered as a base-line scenario up to 2000. Simulation 8 is a 

variant of it. The :"Dajor macrotconomic impl ica tj.ons of the assumptions 

involved in each scenario are descr1bP.d separately to1· the medium-term future 

(up to 1990) and foL the lon"er term (1990-2GOO). 
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For the medium-term • a no-c!ianlle POlicy line was adopted for the major 

international parameters. l"he 2.91 GDP llrowth rate was assumed for developed 

market economies. matched with a severe debt manallement • i.e.. a zero llrowth 

of debt in real terms. This scenario yields a rather doomy picture of the 

world economy in 1990. In the North, there is no ho1>e to achieve a 

full-emplo:vment tar&et, and developin& countries would be even further awav 

from their 1>erfonnances in the 70 's (5 .3% o.a.). with a 4. l annua~- 2rowth rate 

for the 1984-1990 period. The growth pattern is stron&ly influenced by the 

debt burden. The resul tinll 2rowth rates for Asia are acceptable while thev 

are rather poor for Latin America• with a 3 .1% p.a. llrowth rate• and miserable 

in Sub-Saharan Africa (0 .9%). In the 1980-90 decade• per caoita 2rowth rates 

decline in Latin America and Sub-Saharan Africa. 

In the lontt-ten.i base line scenario for the period 1990-2000, (simulation 

A) the ~rowth ra~e of the North (3.1%) remained close to the medium-term 

rates. Additionally it wa$ ailowed that the debt burden would be alleviated; 

firstly by introducin~ a low interest rate (2 - 3%), and secondly b}' supposin2 

a liberalization of trade by which the developin~ countries can intensify 

their exports to the developed ones. 

The 2rowth etfect of these assumptions on the South ii> spectacular, since 

their annual &rowth rate r.aaches 6 .9%, almost the tar&et set forth in the UN 

d~velotEent decade. In particular, Latin America achieves a 7.8% 2rowth rate, 

and Africa 4.2%. The explanation lies in the success of export performance .. 

for manufactures where developin~ re~ions double up their world share over the 

decade (above 201 com~ared to 10% fo 1990). Out of this share, East Asia 

alone makes more than 50% total_ manufactur~s exPOrts of the South, and Latin 

America, another 28%. 

the first commodity 

machinery (30%). 

Intemedi.1Jry p.·odurts, in manufactures exports, becomes 

~roup (ar,und one third), followed by equipment and 

The scenario ca lculationf show that a h ittier strowth of the world economy 

would permit a fast development of ener~y and capital intensive industries in 

the South ~elon2in2 to what is called here the bask products ur the primary 

processira& sector. This development, it was shown, which contorma to a 

rational international div is ion of labour in the ene•·2y-endowed Sc uth, wouU 
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comply with reasonable assumptions on the likelv development of the ener~v 

sector. At any rate, the hi9'h ,row th of enerity consumption in the South 

resultin~ frcm the development of the primary orocessine sector would 

al to,ether alleviate world demand pressure tor enerity (and the re fore lower 

ener,y prices) as comparea with a continuation of the present concentration of 

the industry in the North. 

To sum UP, industrial redeployment in the orimary processin~ industry not 

only would tend to achieve a better South-North balan.:e of the manufacturin~ 

sector, but it would also contribute to an optimal use of scarce .?ner~v 

resources at the world level. 
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PART I 

Histc:ical Analysis of Ener&y Coefficients 

The lon~-term forecastin~ of ener~y demand is usually based on a 

functional rclationshio between ener11.y consumo~ion and economic activitv. 

Therefore, the ener11,y/output ra.::io and the elasticity of ener11.y use with 

respect to output play a central role in e.1eriy demand analysis, and therefore 

they have been widely discussed and estl.Dlated. Past studies for developin11, 

countries have shown that elasticities are 11,enerally si11.nificantlv lar11,er than 

l. When chanstes i.r. ener~y efficiency caLsed by differin& fuel mixes are 

excluded, Brooke (1~72) found elasticities for advanced economies of around 1 

and tor developin& countries of around 1.5 )_/ 

It is observed in 11,eneral that in the early staites t.>f develo1XDent, when an 

economy is movin& towards industrialization, energy substitutes tor other 

factors of production (particularly la'bor; and the share of .anenw-intensive 

basic products (basic metals, buildin& materials) increases rapidly·, this is 

reflected by a histh elasticity of ener11.y use. 

For the industrial sector eneriy-demand patterns are determined by the 

model and structur£' of production, or more precisely by the technolo11,y used, 

and the product mix of industrial output. Several studies were published on 

the subject in which structural chan~es and modification in the production mix 

have been quantified. !/ 

lt 

2/ 

As a oar t of efficiency 11,rowth is ~xc luded 
elasticities may be sli11.htly overestimated 

in &rooke's analysis, his 
compared with unadjusted 

fi11,ures. 
See i.e., the 
P lo aer ' '. ' :J ) , 

followin~ studies:. Dob lin (1982), 0983), Sa aawa (1984), 
bayer (1~82), Marlin, Chateau, Criqui, Lapillone (11:184). 
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The Chanste in the 5tructure ot Production 

Host of the authors found that a lar'le part of the observed slo~down in 

the increase of ener,y demand and the decrease of the ener'ly/output ratio was 

due to chanites in the structure of the industrial production. 

Do~lin in her study of 1983 analyz~s the reasons for the chan&in~ 

ener~y/ outru t ratios for the USA, the FRG, the UK, and France over the period 

1970-1981. Throusth the data of Table l a more or less constant decline in the 

enersty/output ratios can be observed. On the other hand, increas ini;t 

industrial outputs went alon~ with decreasin~ ener&y/output ratios. This 

implit!s an elasticity of less than 1. It may be arstued that this oactern is 

character is tic for the pos t-indust rial ized economies. Fu rt he r.nore 1 the 

comoosition of industrial outputs also went throu1t:1 chan(tel'I. 

While total industrial production (includini oil retir.in~) has risen, the 

most enenw-intensive branches have declined or remained at the level cf 

l'J70. The ~ap between the mos\: ener&y-intenP.ive production activities and 

total output 2rew increasindy after botn oil shocks. This mav suu.est the 

assumption that, at least in the short run, the response of indu&trial 

.nanallemf'nt and policy ll'akers to the rise in enerlty Prices was not due to 

increased efticiency but rather to substitution of enerly-intensive and 

therefore focreasinlllY expensive products by other materials, and simply to a 

decrease in the share of ener~y-intensive inputs (e.&., machinery and 

transoort equipment became more li'lht and frallile). 

Another remat'kable result is that there is a ne&ative correlation between 

the ene~2y intensity of production ano the value added content of output. In 

l9i0, the six most ener&y-intensive industries, which accounted for nearly 801 

of ir.dLastrial erier(ty demand in the USA, contributed only 334 to the value 

adder! of the manufacturin~ sector. as a whole. While in the seventies the 

llrowth of these enerlly-intensive basic industries was steadily slowinl down, 

the hi&h-technololly value-added-intensive sectors, such as electrical 

en1lineerin1t and pharmaceutj ca ls, Hew rapidly. Therefore Dob lin (1983) 

concludes, "all the time the breakin& of rile enersty coefficient was a myth 

sustainect cutbacks in total primary ener&J consumption ori2inate from the 

structural chaniie of industries and cf the economy". 
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Very similar fillures can be observed for the Japanese economy. While. 

despite a short decline af'.ter the first oil crisis. the Japanese GNP and 

outPUt of the manufactur inst sector at= a whole went uP, enerllY consumption in 

manufacturinst industries decrea~ed (Table 1). 

The shifts in Japanese industrial enerllv use are results of the followinll: 

the increase in efficiency of enerllY use~ 
an intra-industrial shift towards products conta1.n1.nll hidt value-added 
(which may indicate hidden intra-industrial product mix e ftects) ~ chan&es 
in the sectorial comp0sition of the industry; 
chan1tes due to &rowth of real GDP (chan&es in the levei of economic 
activity) also contributed to the modification of the JaPBnese enersty 
consumption. 

Most of the decline 1.n the aiutre~te enerfity/output ratio of the JaPanese 

economy can be attributed to shifts towards histh-value-added products and 

eneritv savin&. 

For international compariscns. Sastawa and Kibune (1984) notice that 

differences in the levels of the ener&Y elasticities of GDP depend on the 

level of development as "'ell as on the lleostraphical position. Chateau and 

Lapillonne Cl91:12) relate ener1ty consumption to socio-economic variables• and 

note that the structure of economic activities directly delennines the ~nerRy 

demand, and that the future development of tertiary activities wil 1 imply a 

strowth of enerllY consumption slower than that of activity. 

&asically the same holds for the other industrit.l countries as this has 

been assessed for the Austrian, French, Danish, American economies in the 

special studies published by different authors. (See the Reference published.) 

The Chanste in the Product Mix of Indus try 

In addition to sectoral chan&es the role of product mix chanstes has also 

to be emphasized. In almost all countries and industries the share of 

ener&y-intens ive products declines. Consequently, and also becallse of the 

increasin& use of ener&v sav in& technoloities, the ener1tv/out1>ut ratios also 

decrease. The main differences of industries' eneray coefficients betwe2n 
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Table l. EnerstY consumption and total industrial oroduction (both as index 

numbers, 1970'"' 100) in the United States, France, the FRG, and the 

UK I 1970-1981 

Year Enere:r Tot.al EneriJ ln•rc Tot.al Eneru 
consumpllon Industrial output consumpt.lon Industrial oulput 
(all fuels and produollon rallo (all fuels and proclut..'1.lon rallo 
eleclrlolly) electMclly) 

Cf.') (z) (EI z XlOO) (!") (n) (E / z>ClOO) 

United States /il-a.nce 

1970 100.0 100.0 100.0 100.0 100.0 100.0 
1971 100.l 106.0 
1972 108.0 106.2 111.0 95.7 
1973 106.7 117.7 90.7 113.0 120.0 94.2 
1974 102.6 117.0 87.7 119.4 123.0 97.l 
1975 93.3 110.4 84.5 109.8 '"'l5.0 95.5 
1976 98.7 121.6 81.2 109.9 ll4.0 88.6 
1977 100.4 128.5 78.1 111.8 126.0 88.7 
1978 101.3 136.9 74.0 113.0 129.0 87.6 
1979 1.03.7 142.9 72.6 117.1 135.0 86.7 
1980 96.2 137.9 69.8 114.7 133.0 86.2 
1981 89.9 141.5 63.5 109.8 130.0 84.5 

F'RG UK 

1970 100.0 100.0 100.0 100.0 100.0 100.0 
1971 97.1 101.0 96.1 97.5 100.0 97.5 
1972 98.7 105.8 93.a 98.3 102.0 96.3 
1973 105.3 112.7 93.4 104.5 111.0 94.1 
1974 105.4 110.7 95.2 96.4 108.0 89./3 
1975 92.5 104.6 88.4 88.9 102.0 87.2 
1976 97.2 112.7 86.2 92.5 104.0 88.9 
1977 97.0 115.0 84.3 92.4 108.0 85.6 
1978 97.6 117.0 83.4 90.9 112.1 81.1 
1979 101.4 123.1 82.4 94.0 114.8 81.9 
1980 97.0 123.1 78.8 77.6 107.4 72.3 
1981 92.6 120.6 76.8 73.3 101.9 71.9 

Source: Doblln (1982). 
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countries can also be partly attributed to varyin't production structures. The 

lar&e enerity output ratio ot basic metal industries in Austria corresponds to 

a hiP.'1 oercenta~e of ener2v-intensive products. The same is true for the 

non-metallic minerals indust~ies in Italy. The rel3tively small enerlitY 

coefficients in the basic metal sector in the FRG and in Japan is not only 

caused by the use ot hiiithly efficient teci:molo&ies, but it is also due to a 

relatively small share of ener~y-intensive products. 

To &et a i;teneral ove1view of the possible impdct of structural effects on 

ener'tv requirements, Table 2 shows the oercentaie share of the value of l'HO 

US$ of identified most ener&y-intensive products in total constant price ~ross 

output of each industrial branch, by country. 

This table shows clearly that the share of selected ener~y-intensive litOOds 

in total output of each branch varies from industry to industry. The best 

samplin& is for the iron and steel industry, while for chemicals - du.: • ~ !he 

hist share of Petro-chemicals - it is rather low. Of course the bi~ s- of 

intra-industry transactions plays an important role in the underestimation of 

the share of selected coDDDodities in output. In case of the pulp and paper 

industry the share of pulp is very low in the UK where about 804 of Pulp use 

is imparted. 

The_MPtholo~ and Results 

To quantify the impact of chan~init production structures and to separate 

this from "other ettects" (technical pro&ress, intertuel substitution effects, 

unidentified product-mix effects) the followini;t restression equation was 

estimated tor different countries~ 

EJ.k(t) = fLkexp()..k•t)•l:e .. k.Q .. k(t) + eik(t) J J i 1) 1) 

where 

1 

j 
k 

= 
= 
= 

index of commodities 
index of industry 
index of country 

and parameters to be estimated 

= 

= 

a scaling parameter to be estimat~d and vhich may differ 
trom country to country 

rate or energy-saving technological ~regress 
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Table 2. Percenta&e of identified ener~y-intensive output in total output 

Sleel Non- Basic Non- Chem. Pulp 
ferr. metals metallic and 

mineral paper 
pr'Jducls 

FRG 70 56.9 14.8 29.5 16.5 1.9 5.7 
75 47.3 lB.6 26.7 13.B 1.4 6.6 
80 50.4 16.1 26.3 11.B 1.1 5.4 

Auslrill 70 92.9 16.B 61.0 31.1 lB.6 
75 93.8 15.6 59.0 29.7 15.5 
80 94.5 13.B 53.9 26.9 16.8 

Japan 70 32.4 14.0 1.8 10.6 
75 30.6 16.4 1.2 11.1 
BO 27.3 16.3 0.7 10.9 

Huneary 70 33.7 23.7 8.4 
75 32.0 25.5 6.4 
BO 31.1 23.3 4.6 

UK 70 47.0 4.0 33.1 9.6 0.7 
75 44.9 9.7 31.8 B.7 0.6 
80 35.1 11.3 24.6 B.6 0.3 

France 70 49.8 25.3 45.2 21.1 2.6 7.0 
75 49.0 24.9 44.0 16.5 2.4 7.1 
80 47.2 24.4 42.2 17.0 1.5 5.0 

USA 71 38.6 30.0 33.3 7.7 2.4 16.6 
75 2B.2 25.0 31.6 6.7 2.3 14.8 
BO 26.5 19.3 30.4 7.1 2.2 16.2 

llaly 70 43.8 19.9 42.2 66.1 3.3 0.8 
75 48.7 22.4 45.5 68.4 2.3 0.6 
80 45.7 23.2 44.4 6B.9 1.6 0.2 
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It is assumed that the enern-sav int technical prostress is on averaste 

equal aver all the coamorlities (**jk is the same for all cOlllllodities). A 

scalint parameter estimate may reflect some inter-country differences in the 

ener&y use by an industry• which are due to tuel-mix 1 ditferences in capital 

stock a1te. etc. 

The authors were aware of the fact that w .thin each industry there are 

other commodities which are not considerd in the model explicitly. i.e.. to 

identify a part llf output and ener~y inllUts which are not covered by the 

sample of commodities. the residual part of the industry's output and the 

corresp0ndinst ener2y input was estimated. (Therefore. there appears in the 

model a "commodity" in value terms and its base year enerty/output ratio.) 

With a few exceptions product-mix effects in all countries and industries 

have a silnificant explanatory intluence on chan&es in the ener1tY output ratio. 

As is well known. in many countries of the Third World enormous efforts 

have been made tor establishin& the basic pr?ducts industries. Steel industry 

is one amonl the favorite ob jec.tives of industrialization. For only th is 

reason already it could be of much interest that at least 25% ot the decline 

of the enertv/output ratio in developed countries is found to be attributed to 

chan&in1t production structures. Each country moves its proJuction structure 

from ener2y-intensive crude steel production tc less ener2y-intensive products 

(e.i •• special steel. tinished rolled products). Never the less there is a 

si~ificant movement towards leRs enerstv-intensive processes too. 

In almost _l l countries a si&nificant shift from the inefficient open 

hearth to more efficient processes (oxvien 1 electric arc) and also to 

continuous castin& contributed sistniticantly to the decline of ener1tv 

requirements per unit of outuut. Especially France and the UK 1 which used in 

1970 a hith percen ta&e of less efticient techno lo&ies • could improve their 

process structures. While France shifted permaner.tly from the ouen hear th to 

oxyten turnaces. the UK increased its oxy,en as well as its electric arc 

capacity. Also the FRG 1 the USA. and Italv were able to restructure their 

process mix and consequently improve their eneray efficiencies. As Japan used 

already in 1970 a small percenta~ of less efficient open hearth technoloties, 
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the structural improvements of total st~el production were comoarativelv 

smaller than in the other countries. Japan merely shifted from oxyir.en to 

electric arc steel production. Thou1th Japan's ener1ty consumption in steel 

production per ton of steel trew from 1.75 ir.itajou les (GJ 109 ) in 1970 to 

2.12 GJ in 1980, its total ener~y requirement per unit of outDUt of iron and 

1 - - l - d - h - l/ stee industries dee 1ne in t at period.-

How,.ver. the avera~e annual rates of increase of enerir.v efficiencies in 

steel production indicate that there was a &lobal improvement of ener1tY 

efficiencies in the iron and steel industries between one and two percent per 

year. The results coincide with the econometric estimates presented in Table 

5. 

While in most industrial branches a si~nificant trend towards less 

ener&y-intens ive products was observed, in the non-ferrous metals industries 

of C'\t least four (FRG, UK, USA, and Italy) out of six countries a movement 

towards more ener&y-intens ive COlllDod it ies is seen. Austria, Japan, France, 

and the USA shift from ener1ty-intensive primary aluminum production to 

secondary aluminum production (recovery of scrap). The FRG, Italy and 

especially the UK increased their primary aluminum caoacitv. 

In the buildin& materials industry the enerir.y output ratios decreased in 

ir.eneral with the exceoti'2'n of Japan. Th is increase is the result of a 

conaiderable &rowth ot cement production. A si1tniticant tendency towards 

enerir.v savin~s was found in all countries, includin1t Japan, after eliminatin1t 

the product-mix ettects. The ovt:rall annual percentair.e chan~e of "other 

effects" (ener1tv savinu, etc.) is around 21. 

1/ It should be kept in mind that on the one hand, electric arc steel 
requires more enersty at the staae of crude stee 1 production (around 7 
GJ/t) than basic oxy&en furnaces (around 1 GJ/t), but on the other hand, 
electric arc furnaces use scraps as input, while oxy1ten furnaces rely on a 
hi.., share of ener1tv intensive Dill iron (22 GJ/t). 
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Table 3. Avera~e annual percentaste rate of chan&e of ener~y coefficients) 

t-valt.Je in parentheses) 

Basic qf wh.ich. Build. 

Period llelals St.eel Non-ferr. materials 

FRG (1965-80) -2.6 -2.5 
(9.3) (7.8) 

Auslria (1965-80) -2.0 -0.7 
(9.4) (4.8) 

Japan (1970-80) -2.8 
(4.6) 

Hunea..ry (1970-80) -1.3 
(14) 

UK (1970-Bl) -3.4 -3.0 
(6.6) (7.4) 

France (1970-81) -1.2 -1.3 
(4.9) (4.8) 

USA (1971-80) -2.1 -1.7 
(3.8) (2.6) 

Italy (1970-81) -1.5 -1.5 
(3.9) (4.3) 

-1.5 
(2.8) 

-3.8 
(9.3) 

-0.3 
(0.2) 

-0.8 
(3.2) 

-2.1 
(3.1) 

-2.2 
(1.3) 

-4.3 
(24.3) 

-2.9 
(16.2) 

+0.9 
(2.5) 

-4.0 
(9) 

-3.2 
(4.6) 

-1.9 
(8.3) 

-2.7 
(14.6) 

-2.6 
(5.0) 

Chemir.als. Pulp and 

paper 

-5.6 
(17.2) 

-4.0 
(10.1) 

-0.7 
(0.7) 

-1.5 
(5.4) 

-3.6 
(5.6) 

8.2 
(12.2) 

-1.0 
(3.8) 

-0.8 
(1.7) 

-2.5 
(5.1) 

-3.9 
(5.7) 

-1.4 
(6.1) 

-3.1 
(9.4) 

-4.2 
(8.4) 

Table 4. Contribution of (identified) oroduct-aix effects; avera~e annual 

percenta&e rate ot chan&e of ener~y-intensive production (t-value in 

parentheses) 

Basic of iuh.ich. Build. 

Period Melals St.eel Non-ferr. materials 

FRG (1965-80) -1.3 -1.3 
(4) (3.7) 

+1.2 
(4.0) 

Austria (1965-80) -1.3 -0.0 -4.1 
(8.9) (0.9) (10.0) 

Japan (1970-80) -1.9 
(6.3) 

Huneary (1970-80) -1.9 
(2.4) 

UK (1970-81) -0.8 -0.5 
(2.4) (2.3) 

France \1970-f,~) -0.3 -0.3 
(10.~) (10.2) 

USA 

lt.aly 

(1971-80) -0.3 
(2.7) 

(1970-81) 0 
(0.1) 

-\J.1 
(0.4) 

-0.1 
((0.5) 

+2.4 
(9.3) 

-0.2 
(4.5) 

+0.3 
(1.9) 

+1.0 
(5.4) 

-2.6 
(25.9) 

-1.0 
(9.5) 

+1.9 
(7.7) 

0.0 
(0.5) 

-0.2 
(3.5) 

-0.6 
(7.6) 

-0.1 
(1.3) 

+0.1 
(1.3) 

Chemicals. Pulp and 

paper 

-1.8 
(16) 

-0.4 
(10.7) 

-0.9 
(2.9) 

-0.7 
(4.7) 

-0.3 
(1.3) 

-1.4 
(20.4) 

-0.1 
(L3) 

-0.6 
(4.1) 

0.0 
(0) 

-0.1 
(5.5) 

-0.2 
(4.3) 

-0.1 
(0.5) 

-0.1 
(5.1) 
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Table 5. Cllntribution of enersty sav in& technical orostress and other effects 

(interfuel substitution, hidden product-mix effects)~ averaste annual 

percentaste Ct-value in parentheses). 

Basic qfwh.ich. Build. Chemicals. Pulp and 
Period Metals Steel Non-rerr. materials paper 

FRG (1965-80) -1.3 -1.2 --2.7 -1.8 -3.8 -0.9 
(17) (11) (6.9) (12.8) (14) (3.8) 

Austria (1965-80) -0.7 -0.1 +0.3 -1.9 -0.2 
(5.4) (4.9) (3.3) (9.4) (0.5) 

Japan (1970-80) -0.9 -1.0 -3.6 -2.5 
(1.8) (4.8) (9.1) (6.2) 

Huneary (1970-80) -1.1 -3.9 +0.2 
(13) (10) (0.2) 

UK (1970-81) -2.6 -2.5 -2.7 -3.0 -3.8 
(8.4) {8.7) (2.5) (4.6) (5.7) 

France (1970-81) -n.9 -1.0 -0.6 -1.3 -0.8 -1.3 
{3.7) (3.8) (2.4) (6.4) (3.6) (5.7) 

USA (1971-80) -1.8 -1.6 -2.4 -2.6 -3.3 -3.0 
(3.3) (2.7) (4.5) (17.6) (6.4) (13.8) 

Italy (1970-81) -1.5 -1.4 -3.1 -2.7 -6.8 -4.1 
(3.9) (3.6) (1.7) (5.3) (9.5) (8.2) 
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The chemical industry is one of the moat hetero2eneous industries. 

However• it is a very important branch also from the point t:>f view of 

develoP'Jlent palicy but the lack of detailed daLa on ener2v inputs inhibited a 

thorou&hful analysis. In order to capture at least some considerable shifts 

in production structures of the chemical industries some ener2v-intensive 

oroducts were selected tor analytical purposes. They were taken as for 

re presentants of the brand-. Yet. ever. in a limited commoc!i ty samole 

sipificant structural chane,es towards less enersty-intensive products were 

found. 

Concludin1t Remarks 

At this sta2e of develo11111ent it is hard to value correctly if the observed 

shitt in output-mix in favour of leas ener2y i:-.tensive products follows a 

lonst-term trend or is due only to short-term effects. It is clear that. if 

the shift towards less-intensive c<>1Dodities is followin~ a trend in the 

industrialized economies, that would stron2lv affect the international 

division of labour. Thus it is of interest that the technical pro2ress in the 

iron and steel industry follows a orobably stable trend attributed to 

lon&-term technical pr<>llres~. This su~&ests thAt little &round, if any. is 

preoared in the seven develos;ed r.ountries for a new international division of 

labour in the steel industry. 

Re~ional Analysis of the Structural Shifts in Basic Materials Industries 

The shares of different reaions in the world production of the selected 

ener2y-intens ive ,oods are shown in the Annex. From the 2rowth of eoods 

produced in developed countries it to l lows that des oi te th.a fast 2rowth of the 

manutacturin& sector in many developini countries the shares of selected 

ener~y-intensive coanodities were still low in the 1970s. For example the 

West Asia-North Africa, Indian Sub-Continerat, and East and South-East Asia 

re2ions all tottether do not excet:d 1% of the wood pulp (sulphite and soda) 

production, Sub-Saharan Africa's production of cement is leu than 1% of the 

world volume of production. Steel production in these rettions make uo less 

than O.U ot the world output and in the West Asia/North Africa it is 0.2% of 

wo1 ld total. 
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Structural chanies in the re~ional location of enerstv-intensive products 

differ amoni commodities, but in &eneral it can be said that most of the 

developinst countries increased ,;:heir shares in the oroducticn of 

ener&y-intens ive &oods. For example, in wood pulp production (Latin America's 

share is now 5.5%, while in 1970 it w.as less than ii;. Acetylene production 

in this recion increased from 1.21 to almost 7%, for methanol the 

corresDOndinst chan1te is from 0.3% to 21. For basic chemical products chan~es 

are also clear - Japan's share decreased for anmoniac from 3.4: to 0.2% wt:ile 

Latin America' share doubled from 2.41 to 5%, in the production of caustic 

soda East and South-East Asia and Latin America incre.llsed their shares almost 

two times, for caustic carbide CPE, Asia's share increased more than three 

times and Latin America's share two times. One ot the traditional products -

cement - shows a similar pattern~ all developed restions have decreased their 

share, while the share ot developin& re&ions, such as of the CPE, Asia, Latin 

America, East and South-East Asia, and the West Asia-North Africa almost 

doubled. Now the share of cement production is 9% in North America, 10% in 

Japan, 8.4% in Latin America, 10% in CPE Asia, and more than 4% in East and 

South-East Asia and '-est Asia-North Africa (each). 

Less sienificant chanstes happened in steel production where only East and 

South-East Asia showed a jump from 0 .11 to almost J % , while other develop in~ 

restions increased their shares at a modest rate (Latin America from 2 .25% to 

3.2%, CPE, Asia from U to 5.4%). Recional specialization in non-ferrous 

metal productfon (within the framework of this study) shows that only CPE, 

Asia increased sii&ni ficantly (by a factor of 2) its share in copper and 

aluminum, while the shift in aluminium production towards Latin America 

(8.-azil) and the "Other developed" re&ions (Australia, New Zealand and South 
1/ 

Africa) is a new phenomenon,- which must be taken into account in 

forecast inst. the data shows the sta&nation in the oroduction of 

ener cy-intens ive commodities in developed re&ions. iecent observations in 

metal production &ives us further stron& si&nals to assume a sta1tnation of the 

product ion of metals in develooed countries. 

!f There are estimates that in the late 1980s Japan will produce only 30 
thousand tons compared with 1.1 millions tons in the 1970s and 350 
thousand tons in 1982. 
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1983 was tile fourth consecutive year when the aluminum production in the 

Western ~orld went down. Capacities in the North continue to shut down, while 

an increase of producti.'.>n is observed in Sub-Saharan Africa and the "Other 

developP.d" re&ion 3nd in !.atin America. This mi&ht extend to the future 

allocation of primary aluminum produccion. 

Productio'1 cf retined copper stayed almost at a constant level ::.n recent 

years and shares of different restions are also stable. 

~ith zinc there 1.s a turther decline in production, in addition to the 

decrease in North America, Western Europe, and Japan, while a continuous 

itrowth is observed tor Latin America and Sub-Saharan Africa. 

In the Western World durinit the last decades a siitnificant slowdown in 

metal demand of the North could be witnessed. 

Compilation of Enerity/OutDUt Ratios by Industries and Re~ions 

In the followin& the overall impact of structural chan&es :rnd technical 

proiress in the basic products sector as a whole will be shown. Two different 

types of time series were analyzed (with re1tression techni1ues). Fir st, 

enersty intensities calculated on the basis of ener&y/output ratios (by 

subsectors) without takin~ technical pro2ress into account but includinit 

product-mix ettects within subsectors are presented. Second, the avera2e 

2rowth rates of technical pro2ress were taken for five sub-sectors from time 

series analysis of 8 developed countries. Account in& for the 

"best-practice-prevails"4lypothesis 1 2rowth rates of technical pro2ress were 

calculated and assumed to be equal tor all re&ions. 

The followin2 table 6 presents for the basic sectors avera2e annual 

percenta&e rates of &rowth in total ener&y efticiency ( includin2 product mix 

and technical pro2ress as we~l) and ~rowth rates of structural chan2e 

( includinit product mix, excludin& technical pro2ress). Technica 1 pro2ress 

2rowth rates are simply calculated by subtraction. 
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Table 6. Avera~e annual oetcenta~e ~rowth rates of enerR.y coefficients derived 

from semi-lo&arittaic re~ressions Ct-values in Parenthesis). 

Ree ions Total Structural chanees Technical pro2re~s 
(1) (2) (3) = (1) - (2) 

Growth rates R2 Growth rates R2 Growth rales 

North -2.9 99.4 -0.5 80.3 -2.4 
America (39.4) (6.4} 
Weslern -2.7 99.5 -0.5 86.4 -2.2 
Europe (43.7) (8.0) 
Eastern -2.6 99.6 -0.6 93.6 -2.0 
Europe (50.8) (12.C) 
Japan -2.6 96.9 0.7 68.2 -1.9 

(17.6) (4.6) 

Other -2.1 97.4 -0.2• 18.3 -2.1• 
developed (19.3) (1.4) 
counlries 

Lalin -1.7 97.9 +0.5 76.4 -2.2 
America (21.6) (5.6) 

Sub-Saharan +O.t• O.ll +1.9 91.2 -l .98 

Africa (0.5) (10.2) 

West. Asia- -1.0 61.1 +1.3 74.6 -2.3 
North Africa (3.9) (5.4) 

Indian -2.5 99.1 -0.4 7Z.4 -2.1 
Sub-COnllnenl (32.4) (5.1) 

East. " -3.9 98.0 -1.7 88.5 -2.2 
S-E Asia (22.2) (8.8) 

• t-value lndlr,ale.s lhal lhe estimate does not dirt er signlf~canlly from zero. 
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PARr II 

UNI TAD Scenar l.OS 

As it was already mentioned above, the UNITAD world model was used for 

steneratin~ scen1rios on overall strowth with a view on ener&y issues. Malfinst 

use of some ot the features of the model, the trarle of both ener~y and enerstv 

intensive products and the consumption of them equally as price eftect and 

imllacts were analyzed. In two sectors, namely in astriculture and in ener&v 

supply constraints were introduced. Upper bound limits of astricultural lil.rowth 

rates were introduced in some reQ.ions (Sub-Saharan AfricR and West Asia) to 

simulate the low &rowth rates observed in these regions tor various reasons, 

some of climatic ori&in, others due to a neglect of a~riculture throu2h a 

variety of policies (e.&., price dis tort ions). 

The upper bound limits of the energy sector are meant to simulate 

cons train ts in natural resources. For th is purpose, the enerlil.Y sector is 

subdivided into four sub-sectors, namely liquid and Iii.BS fuels, utilities, 

solid tuels, .ind rP.fineries. The upper bound limits were essentially applied 

r:o liquid, gas and solid fuels (see below). (For the upper limits or ener~ 

supply see Table 7.) 

Primary enersty units were derived by addinst up the endostenous fistur es of 

liquid/&as and solid fuels and an exolil.enous term tor primary electricity 

(hydro-electric, nuclear and miscellaneous electricity steneration). 

As can be seen, the South share of world primar1 resources in liquid and 

Iii.BS fuels is a5sumed to continuously st~ow up from 48% in 1975 to 51% in vear 

2000. 

Total primary units however hardly chanlil.e in proDOrtion between North and 

South (around 60% in North as a&ains t 40% in South) on account of the 

prostressive shift, in the North, from liquid.~nd stas fuels t;o solid fuels 11nd 

primary electricity. (This comparison is valid since ener&y units of primary 

electricity were computed, accordinlil. to OECli practice, in terms of foasile 

tueld input equivalent used in thermal power stations.) 11l it analysis should 
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not however he taken too far since many oil and RAS dePOSits cc.n be discovered 

and put into operation between today and the year 2000. In table 7, year 2000 

estimates of liquid and RAS fuels are on the cautious side. 

Table 7. Upper bound limits of energy primary units. l:.y region (million tons 

of oil equivalent). 

1975 1990 2000 

Elec- Elec-Liquid Solid Elec- Llquia 
le ras trlclty le ras 

Solid trlcity 
Liquid Solid 
le eas lriclly 

North America 1162 437 55 986 701 354 986 956 600 
Western Europe 169 230 109 300 260 295 280 260 525 
Eastern Europe 708 556 44 1306 790 196 1527 996 336 
Japan 4 16 23 7 12 75 7 10 135 
Other developed 30 96 B 48 23~1 :16 48 348 30 

Lalin America 326 10 31 547 40 90 547 62 206 
Sub-Saharan Africa 125 3 6 162 B 10 162 10 24 
W. Asla-N. Africa 1300 1 4 1600 3 18 1800 3 37 
Indian Sub-C. 17 85 10 47 85 28 47 125 58 
East & S.-E. Asia 102 13 4 236 30 26 236 47 55 
CPE, Asia 69 364 15 148 655 55 215 960 116 

World 4014 1813 309 5387 2819 1163 5855 3799 2126 

or which 
Nor-th 2073 1337 239 2647 1998 936 2648 2572 1628 
South 1941 476 70 2740 821 227 3007 1227 498 

• Primary electricity (hydro, nuclear, miscellaneous) ls measured as the fosslle 
fuel Input equivalent used In thermal power st.alion. 
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The Scenarios and the kesults ot Calculations 

Followin~ a base-line scenario from 1980 to 1990 three different 

simulations (denominated A,8,C) were built up for a ten-year period. 

Simalation A i!: basP.d on an assumotion that no permanent structural 

chan&tes towards less enere,y-intensive i.ndustries take pLctce in the basic 

products sector of developed countries. So ener2v ir:;ut coerficients in 

developed countries were modified by a multiplier reflectine, only the 

continuation of trends 111 technolostical oroi,ress. No such trends were 

applied, by convention, to the basic product sector ot developine, restions 

in this and other simulations. 

In simulation 8, two sets oi exoe,enous assumptions were introduced; on 

the industrial side, developed countries si.ecialize in less intensive 

processin&t industries (input coefficients are affected by a raultiolier 

retlectini both the technolo&ical proiress trends and the oroduct mix 

effect) on the trade side, an international division of labour 

pro&ressively develops in all manutacturinst &oods~ developi,,&t re&ions 

sell more intermediary products (oroduced in the basic oroducts sector) 

both to developed countries and on the:ir own markets~ other coano<ii tv 

markets also benefit by trade liberalization but tc a minor extent as 

compared to intermediary produ~ts. In this experiment, all other 

parameters, and in particular GDP &trowth. wei:-e keot at the same level as 

in simulation A, so as to derive tne primary order effects of the 

assumptions. 

Finally, in simulation C, a 1-percentaste point of annual 2ro..rth rate was 

added up in all developin& re"ion!I, in order to derive mar~inal ~rowth 

elasticities for comoarison PUr1>oses. 

The result ot the experiments firstly contirm expectations-;. when 

considerinst the industrial uses of enerity, total primary units consu1ned in the 

South increase in simulation 8, compared to A, while the oppasite is observed 

in developed restions. But one intuestin~ result emerste• ~ the total world 

primary use of ener&Y in industrial sectors decreases, and so does total world 

ener stv consun;ption~ th is reflects the fact that all indirect effects of the 

North-South substitution in tlie bas i'- products sector, when permeat in~ other 
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Table 8. Industrial consumption of ener&v in the world (primary uuits in 

millions of tow) 

Regions 1990 :?000 simulation 

A t c 
Developed Markel 3687 5593 5466 5390 

Economies 

Mst.ern Europe 1501 1858 1831 187( 

Developlne Markel 1-112 1485 1547 1769 
Economies 

CPE, Asia 557 749 '751 827 

World 6757 9685 9595 9860 

Table 9. Growth of the basic products sector, 1990-2000 (annual 2rowth rates, 

elasticity to GDP in parentheses~. 

Slmulallons 

A B ct> 

Developed countries 4.0 (1.2) 3.8 {1.1) 
Developine countries 8.4 (1.3) 9.2 (1.4) 

or which 

Lalin America 9.5 (1.2) 10.4 (1.3) (1.0) 
Sub-sabanm Africa 10.9 (2.6} 12.1 (2.9) (.2) 
West Asia-North Africa 155 (1.8) 12.1 (2.9) (.95) 
Indian Sub-Cont.lnenl 5.2 (1.1) 5.8 {1.2) (1.2) 
Easl & Soulh-Easl Asia 101 (i.6) lt.6 (1.8) (.8) 

----· 
1) marelnal erowlh elasticity t.o al)p. 
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sectors of developini economies. e.ive rise to less enersty consumption than 1.n 

the North. 

As can be seen in the table 1 there is a shift of -127 Mtoe from 

simulations A to b in developed market economies. matched 1 but not compensated 

bv a +62 Mtoe shift in developin& market economies. Toiether with shifts in 

the same direction in the Centrally Planned Economies 1 the end result is a net 

decrease of 90 Mtoe in th.'! world at lar~e. These fie,ures seem smal 1 in 

absolute terms or in relati.v·e terms (around U of the world total). hut it 

should be remembered that no assumptions on enere.y-sav inst trends were applied 

to developin~ ree.ionci 1 for clarity purpose. But even a small annual 

enere.y-savine. trend i·. the basic sector of develoPinll restions will make the 

world balance si&niti1antly lower. For example 1 a -11 annual trend 1 "qual to 

one half of what applied to developed ree.ions 1 would affect by a uultiPlier of 

0 .90 the ener&Y consumption ot deve lopin& re&ions in simulations A 1 B 1 and C. 

This, it may be objected 1 should not affect the difference between simulations 

B and A1 unless wa have reasons to believe that more enere.y savir.is take place 

in one of them. The ar~ument is indeed that the introduction of enere,y-savine. 

technolo~y should iO parallel to the creation of new capacity in the sector 1 

and 1 as will be seen 1 the e.rowth of capacity is ri.~ch hie.her in simulation B 

than in A1 since we simulate in the former scenario an assumption of rapid 

North-South redeployment of the industry. This 1% chanlle in the world total 

small as it is, is therefore a clear indication of tht> direction of the move. 

Slillh tl y h i&her fi&Ures ob ta in when measur ine. total eraere.y consumption (not 

shown in the table) i.e., a 1.5% decrease in total consumpt~on. 

The e.rowth of ~he l.>as ic products sector over the ten-vear period, is 

illustrated by Table 

As is can be seen, Lhe Q,rowth tiQ,ures and the GDP elasticities are hipJler 

in simulation b as compared to A. For all developin& countries, the two 

elasticity tii,ures are 1.4 and l.2 respectively, with, as expected, the 

reverse rankin~ order in developed re&ions, namely l.l versus 1.2 respectively. 

Should the basic products sector e.row faster at all than other 

manufacturin& sectors do? This is a question which should be raised 
' 

considerinll the industt;ialization stratee.y followed in the 70s by many rapidly 

&rowin~ developin& countries. 
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The natural resource endowment of many Southern countries is one of the 

factors which Rave way to the policy of tavourizin1t the developnent of 

(or1tanic-tased) chemicals based on oil resource 1 meta llurstv based on metal 

mining and textile industries based on fibres produced by petrol chemical 

industry and/or agriculture. An additional factor was the oolicy for 

increasin& the value added content of their exports. 

There is obviously, in the latter industrialization strateity, a major 

difference with the first 1 in that a natural resources endowment induces a 

hillh exoort/output ratio, as will be the case for the petrochemical industry 

of the Gulf countries. In contrast, the iron and steel industries and the 

textile fiber industries are essentially oriented towards the home market -

even if final products (steel intensive equipnent aoods such as ships and cars 

- or textiles and clothes) are larstely meant 

achieved in this report is reproducin" both 

f"r exoorts. The simulation 

types of strategies th rouith 

capturing of the trends of input coefficients elaborated in the first phase of 

the project. 

The Base Line 1990 - 2000 SiDUlation~ Macroeconomic Implications 

In order to let the &rowth possibilities improve sfter 1990, new 

assumotions were made to prevail in the 90s, essentially in the trade and 

financial areas. A proitress ive restoration of free trade was introduced in 

manufactures. It was not supp0sed that protectionist barriers would be fully 

dismantled but that the developed econanies would make efforts for allowin2 

that the flow of Roods oriitinatin& fran developin1t economies should follow on 

a trend basis. The scenario, allowed a very low interest rate (between 2 and 

3%) as wea as prolonstation by a few years the maturity periods for debts. At 

the same time, all deve lopin& re dons were supposed to achieve a debt-service 

ratio lower than 20 per cent in terms of their exoorts. 

Supply conditions were set •&ain for two natural re.ources based sec tors, 

aitriculture and eneritY production. On the side of aitriculture, upper limit 

sirowth rates hi&her than in the 80s were set tor Sub-Sahara Africa (2 .5% p.a. 
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instead of 21 p.a.) and West Asia and North Africa (2.81 p.a. instead of 21 

p.a.). This implies not only better weather conditions but, as supported by a 

lan~e consensus aJDoni International Or2anizations, a sound orice oolicv and a 

vitorous a~icultural development effort. 

The overall 2rowth of the North which is exo2enously set in the model, was 

deliberately taken at a level not much hi&her than in the 80s, so as to remain 

on the cautious side. More precis ily, developed market economies would strow 

at a 3.1% rate per annum, while the CPE (Eastern Europe), benefittin& from 

better ener2y prices, more liberal trade conditions, and successful economic 

reforms, would ~ow at a 4 .5% annual rate. 

There is one more Policy assumption, for allowinst a contribution to the 

solution of the debt problem, namely it has been assumed in this scenario that 

larste trade deficits with developinit countries can accrue. It could be 

rational tor this scenario as the present situation with hi&h interest rates 

which inflate the debt burden, while protectionism prevents, the debtors to 

&ain export earnin~. offers hardly any issue. 

The strowth assumptions for the North and strowth results for the South are 

shown in Table 10. As can be seen. the deve lopin11 market economies reach in 

this scenario an exceptionally h iRh trowt-.h rate of 6 .91, of the same order as 

that set tor the development decade, but with a lar&e spread amont re2ions. 

The South-North 11rowth ratio is quite h ill)l consider in& the low fh.ures of the 

80s. It is the result of the trade relations simulated, i.e. of the further 

increase of the Southern exports of manufactures to the North. 

The trade in manufactures accordin& to the simulations is as shown in 

Table 11. 

The share of the South in world exports doubles up from 1990 to 2000, to 

reach at the end of the decade a little over one fifth. Out of this share, 

East Asia alone makes more than 501 total manufactures expot"ts of the South, 

and Latin America, another 28%. Interniediary products, in manufactures 

exPOr ta, becomes the first coaunodi ty aroup (around one third). followed by 

equipment and machinery (30%). 
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Table 10. CDP annual ~rowth rates from 1990 to 2000 

Base-line scenario 
1980s 

Base-line scenario 
1990s 

(A) Developed Markel E's (DDM) 
(B) Eastern Europe 
(C) Developing Markel E's (DGM) 
(D) CPE. Asia 

(E) DDM + DGM 
(f) (C/A) rallo 
(G) World 

2.6 
3.5 
3.3 
5.0 

2.7 
(1.3) 
3.2 

Table 11. Trade in manufactures (in percenta~e of world) 

Developed Reeions 
Developln2 Reelons 

qfwhich 

Lat.In America 
Sub-Saharan Africa 
West Asia 
Indian Sub-COnlinenl 
East Asia 
CPE's Asia 

1990 

89.7 
10.3 

2.4 
0.4 
0.3 
0.6 
6.0 
0.6 

3.1 
4.5 
6.9 
5.0 

3.9 
(2.3) 
4.1 

Table 12. Proportion of intermediarv products on total manufactures exports 

in year 2000, by re~ion (in %) 

Lalin America: 
Sub-Saharan Africa: 
West Asia-North Africa: 

28.3 
84.4 
58.9 

Indian Sub-Continent: 
East & South-East Asia: 
Centrally Planned Asia: 

?.2.5 
29.8 

4.4 

2000 

79.4 
20.6 

5.7 
0.6 
1.7 
1.3 

10.8 
0.5 
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However 1 the proDOrtion of exports of interaediary products on total 

manufactures export is hi&hly variable froa recion to retion. The followin2 

fi~res are supplied by the model tor the year 2000. (See Table 12.) 

General ~onclus ions 

As considered in this study, the hilther trowth of the world economy would 

permit a fast cevelopment of ener&Y and capital intensive industries in the 

South belontintt. ~o what is called here the basic Products industry or the 

Primary processin& sector. This developaent 1 it was shown, which conform to a 

rational international division of labour in the ener2y-endowed South, would 

comply with reasonable assumptions on the likely develoJJment of the enertY 

sector. At any rate 1 the hilth 2rowth of enera.y consumption in the South 

resultinc from the development of the primary processint sector would 

altotether alleviate world enertY demand (and therefore lower ener1tY Prices) 

as compared with a continuation of the present concentration of the industry 

in the North. 

To sum up 1 industrial redeployment in the primary processint industry not 

only tends to achieve a better South-North balance of the manufacturin& sector 

alont p0licy lines advocated by u~mo. but it also contributes to an opti111al 

use of scarce ener&y resources at the world level. 
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ANNEX 

Estiaates of the Maximum Potential Output ot the Enerity Sector 

llodelin" the supply and demand of exhaustible resources without first 

defininit the maxiaua availability of the resources would mean that only very 

short-tera conclusions could be drawn. Therefore most modellinit systems 

desitned for projections of "ener2y futures" are based on estimates of 

ultimately rec<11rerable resources ot primary ener2y. The scarcity of a product 

at any &iven time is then not only defined by its absolute availability but 

also by its production cost. 

The llASA ener"y modellin& system is based on estimates of ultimately 

rec<11rerable resources of priaary enercy broken down by cost cate&ore is tor 

seven world re&ions (Table 2.1). Table 2.2 summarizes these estimates. Given 

these estimates ot total energy resource availability, the max:imma potential 

outpUt& from each source are then estimated. This not only calls for 

consideration ot aeolo11ical potentials but also requires assumptions recardinit 

economic, technical, and environmental constraints. These include build-up 

constraints, reflectin& the temporal and tinancial tactors involved in 

:;.ntroducin& new capacity, as well as environmental constraints (e.st., the 

vastes that result trom oil-shale production and the lack ot adequate water 

i;upplies both strondy restrict the develo•ent ot th is resource). On the 

basis of these constraints, .axiaum potential production protiles are 

estimated. The estimates used in the llASA ener2v-supply model MESSAGE 

(Model for Ener&y-Supply System And their General Environmental impact) are 

presented in Table 2.3. Since for some ener2y carriers in some particular 

re&ions no constraints are built into 1£SSACE, and also in order to evaluate 

the civen liaits, projected outpUts (after balancinit supply and demand with in 

the lIASA 110del systea) are presented in parentheses. In the case of 

electricity and heat 2eneration, projected installed capacities are stiven 

instead of projected outputs~ these capacities (approximately 501 of output of 

electricity uneration), shown in parentheses, may serve as estimates of the 

upper limits on production. 
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Annex Table 1. 1be seven vor ld re~ions used in the llASA ener2v model inst 
(Hafele 1~81) 

Ree ion Areas included Region Areas inc!uded 

I North America v Africa (ezcepl Northern 
(Canada. United Stales) Africa and Soulh Africa), 

South and Soulheasl Asia 

II Sovlel Union and VI Kiddle Easl and Northern 
Eastern Europe Africa 

1II Weslern Europe, Japan, VII China and Cenlrally 
Australia, New Zealand, Planned Asian Countries 
South Africa, Israel 

IV Lalin America 

Annex Ta:,le 2. S\llUll8ry of estimates of ul:imately recoverable resources by 
cost cate&ory 

Resource Coal .. Oil Natura! Ga~ Uranium 
(TWyr) (TWyr) (TWyr) (T'Yyr) 

Cosl Cateeory6 1 2 1 2 3 1 2 3 1 2 

Reel on 
I 174 232 23 26 125 34 40 29 35 27 
II 136 448 37 45 69 66 51 31 ne 75 
III 93 151 17 3 21 19 5 14 14 38 
IV 10 11 19 81 110 17 12 14 1 64 
v 55 52 25 5 33 16 10 14 6 95 
VI <1 <1 132 27 ne 108 10 14 1 27 
VII 92 124 11 13 15 7 13 14 ne 36 

World 560 1019 264 200 373 267 141 130 57 36~ 

11 For coal, only a part or t.he ult.lmale resource C- 15 percenl) .1as been Included 
b:.:cause lhc fleures are already very laree for lhe lime horizon or 2030 and be­
cc...Jse or lhe many uncertainties about very lone-term coal resources and pro­
duclion lechnoloeles. 

6 Cosl categories represent estimates of costs either al or below the stated volume 
of recoverable re90urces (In constant 1975$). 

For oil and natural eas: 

For coal: 

For uranium: 

Source: llASA (1981). 

Cal. 1: 12$/bOe 

Cal. 2: 12-20$/bOe 
Cal. 3: 20-25$/boe 
Cal. 1: 25$/tc-e 
Cal. 2: 25-50$/lce 
Cal. 1: 80$/keU 

Cal. 2: 80-130$/keC 

• 
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Annex Table 3. Implied theoretical upper limits tor maximum extraction 
of primary eneriv sources and maximum production of secondary 
ener&Y (GWyr/yr) 

1980 1990 2000 

Region I 

Coal 650 (679) 1100 ('797) 1500 
on 680 (715) 935 (863) 1235 
Gas (7(3) (776) 
Eleclrlclly and heal 

Hydro 55 (123) 63 (149) 73 
Nuclear 42 (63) 99 (59) 220 
Other (434) (427) 
Total (620) (635) 

Liquids 
light (898) (940) 
fuel (114?.) (1155) 

Coke (44) (41) 

Region 11 

Coal 875 (830) 1380 (1240) 1675 
Oil 710 (710) 770 (750) 820 
Gas 465 (460) 770 {540) 1045 
Eleclriclly and heal 

Hydro 24 {27) 36 (41) 46 
Nuclea:- 19 (27) 52 (75) 106 
Other {440) (634) 
Total {494) (750) 

Lfqulds (626) (698) 
Coke (0) (0) 

•gion/0 

Coal 550 {498) 650 (528) 800 
on 485 (195) 490 (225) 405 
Gas 310 (247) 330 (300) 350 
Eleclrlclly and heal 

Hydro 74 (171) 75 (183) 75 
Nuclear 33 (58) 90 (114) 219 
Other (413) (485) 
Tot.al (642) (782) 

Liquids 
ll1hl (662) (630) 
fuel (505) (400) 

Coke (126) (125) 

(935) 
(907) 
(779) 

(188) 
(69) 
(469) 
(740) 

(949) 
(1095) 
(38) 

(1560) 
(820) 
{780) 

(53) 
(142) 
(880) 
(1075) 
(767) 
(0) 

(578) 
(261) 
(367) 

(187) 
(207) 
(638) 
(632) 

(631) 
(286) 
(131) 
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Annex Table 3. contd./ 

:' Region IV 

Coal 38 ('75) 85 (38) 140 (85) 
011 365 (388) 545 (413) 755 !524) 
Gas (70) (109) (183) 
Eleclriclly an.:l heal 

Hydro 23 (5('1) 32 (95) 50 (149) 
Nuclear 8 (0) 33 (5) 73 (15) • 
Olher (30) (49) (62) 

Total (BO) (150) (226) 
Liquids 

lieht (226) (284) (U5) 

fuel (200) (146) (136) 
Coke (8) (13) (19) 

lmgion V 

Coal 170 (93) 320 (151) 450 (241) 
on 350 (321) 445 (371) 495 (403) 
Gas (47) (110) (186) 
Electricity and heal 

Hydro 16 (31) 24 (64) 45 (137) 
Nuclear 7 (2) 25 (B) 56 (39) 
Olher (46) (89) (103) 
Total (79) (161) (279) 

Liquids 
Ueht (117) (216) (347) 
fuel (99) (112) (110) 

Coke (20) (31) (U) 

Jmgion V1 

Coal (1) (2) (9) 
Oli 1330 (1476) 1470 (1308) 1760 (1214) 
Gas (71) (110) (206) 
Electricity and heal 

Hydro 2 (5) 2 (6) 2 (7) 
Nuclear 7 (0) 25 (0) 55 (0) 
Other (16) (40) (80) 
Total (21) (46) (87) 

Liquids 
lie ht (122) (180) (272) 
fuel (82) (84) (78) 

Coke (1) (1) (2) 

Region l-11 

Coal 500 (470) 1206 (670) 2000 (917) 
on (143) (210) (322) 
Gas (20) (51) (170) 
Electricity and heal 

Hydro 5 (9) 6 (3) 8 (20) 
r\uclear 6 (0) 25 (2) 55 (5) 
Other (30) (54) (91) 
Total D9) (69) (116) 

Liquids 
lleht (110) (177) (316) 



- 3~ -

leferences 

Alber, S. (1983) Analyse der Ener~iestrome bei der P~oduktion von Nahrun~s- und 
Genussmitteln. Dissertation. Wirtschaftsunive~sitat Wien. 

Bayer, K. (1982) Enertieverbrauch und Einsparun~smodichkeiten in der 
Industrie. Monatsberichte des Osterreichischen I~stituts flir 
Wirtschafts forsch•~nt, l. 

Sechtel (1978) Raw Material Requirement for Ener~y Development Pro2rams 1 

bechte l Nat. Inc.• San Francisco. 

Boustead-Hancock (1979) Handbook of Industrial Ener2y Analysis. Ellis Horwood, 
Chichester• UK. 

Brooke, L.G. (1972) More on the elasticity of ener~y consumption. Journal of 
Industrial Economics. 21 (1) • 

Burwell, C.L. (1982) Glass Makine; A Case Study of the Form Value of 
Electricity Used in Manufacturin&. Research ttemOL-andum. Institute 
for Ener~y Analysis, Oak Ridite Associated Unive::-sities. 

Burwell. C.L. (1983a) Electric Steel Makin&; Recent Trends and Future 
Constraints, Research Memorandum. I.E.A, Paris. 

Burwell, C.L. (1983b) Industrial Electrification; Current Trends, Research 
Mesnor a ndum , Institute for Ener2v Analysis Wash in2 ton. 

Burwell. C.L. (1984) Electrification Trends in the P :.11 p and Paper Industry, 
Draft. Oak Ridste Associated Universities. 

Chateau, 8., B. Lapillonne (1982) Ener2y Demand; Facts and Trends, Sprin&er 
Verla2, Wien-New York. 

Doblin, C. (1982) Enerity Savints and Conservation, Interim Rep0rts, 
International Institute tor Applied Systems Analysis, Laxenburst, 
Austria. 

Doblin, C. 0983) The 8reakina of the Enersty Coefficient. Paper presented at 
the 7th International Forum on New Ener2v Realities, New York. 

Doblin. C. (1984) 
Germany. 
WP-84-73, 

Patterns of Industrial Chante in the Fed er al Re pub lie of 
Part I; Flows of Hanufacturinit Output and Ener2y Input. 
International Institute for Applied Systems Analysis, 

Laxenbur&, Austria. 

ECE ( 1983) St rate'y for Enertv Use in the Iron and Steel Indus try, United 
Nations, New York. 

Eurostat (1982) Quarterly Iron and Steel Bulle:in, 4. Statistical Office of 
the European Communities. 



- 36 -
lt:A (1983) Coal and the Costs of Eneru. Workinst Paoer No. 64 by Ray Lonst. 

Economic Assessment Service. IF.A Coal Research. London. 

IIASA (1981). lt'afele, W. et al. Enersty in a Finite World. Ballinter, 
Cambrid&e. Massachusetts. 

Kouris, G. 0976) The determinants of enersty demand in the EEC area. Enertty 
Policy, December. 

La1ter 1 C. (1983) Analysis of chanttin& enersty coefficients in Austria, 
1964-1980. In A. Smyshlaev (Editor). Proceedin1ts of the 4th IIASA 
Task Force Meetin1t on Inout-OutPUt HodelinR. CP-83-S5. International 
Institute for Applied Systems Analysis, Laxenbur1t, Austria. 

Marlay, R.C. (1984) Trends in industrial use of enersty. Science, December, 
pp. 12 77-1283. 

Martin. J.-M., B. Chateau. P. Criqui, B. Lapillonne (1984) Diminution de la 
Consommation d'Ener&ie en France; Reaction Con joncturelle ou 
Inflexion de Vendance de Lon1tue Periode. Revue de l'Ener~ie. April, 
Paris. 

Nordhaus, W. (1977) International Sutides of the Demand for Ener1tv 1 North­
Holland Puhl. Co •• Amsterdam. 

OECD (1983) Aluminum Industry, Ener&y .\spects of Structural Chan1te. Paris. 

Plo&er, E. (19H3) Input-output analysis of the chan1es in enerttY consumption 
in Danish industries, 1966-1979. In A. Smyshlyaev (Editor), 
Proceedin&s of the 4th IIASA Task Force Meetin& on Input-Output 
Modelin1t. CP-83-S5. International litstitute for Applied Systems 
Analysis, Laxenbur&. ,. 1stria. 

Proops. J.L. {?984) Hodell int the enertv outout ratio. EnerRY Economics, 
January. 

Roll'Sler, H.-H. Cl984h IlASA '83 Scenario of Ener,y Development: Sumnary, 
International Institute tor Applied Systems Analysis. LaxenburR, 
Austria. 

Sa&awa, N. (1984) The role of ener~y conservation in Japanese enerRY demand 
structure and the tuture prospects. Ener~y in Japan. Bimonthly 
Report No. 67, January. Institute of EnerRY Economics. 

Sa~awa, N., H. Kibune (1984) Internatiunal Comparison of Ener&y Demand 
Structures - An Analysis of Ener1tv, GNP, Electricity, and Major 
Factors Contributint to Chan&es in Ener1tv Demand. Ener1tv in Japan. 

UN (1981) UN Yearbook on Industrial Statistics, Vol. 2, Commodity Production 
Data, United Nations, N.Y., N.Y. 

Zilberfarb, B., F..G. Adams (1981) The ener&v GDP relationship in developin~ 
countries. Ener1y Economics, October. 

• 




