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FOREWORD 

This study is intended to contribute to UNIOO Project Ne. US/82/033A, 
"Development Strategies and International Pe>~icy Alternatives," by analyzing the 
relationship between giobal industrialization and the energy sector. 

Mocieiing the impacts of various st.aiges of development and industriali~tion 
patterns on the energy sector requires t!:" .. ·ee types of information. First, a 
demand-determined analysis of the industrial sector is necessary to provide infor­
mation on how the st.age, volume, and mode of production influence the energy 
requirements of each industry. Second, knowledge of present energy resources 
f.nables us to estimate maximum possible future energy supplies. which will con­
strain energy requirements from a geological or enVironmental point of view. 
Thini, the feedback effect of energy supply as regards lhe rest of lhe economy is 
~iven by the capital requirements of lhe energy industries. 

The terms of reference of this study (see Annex 1} called for three comple-
mentary st.ages: 

The first was t.o be a hist.orical analysis of energy intensities in major 
energy-intensive industrial branches, following the "oil shocks'' of the 
1970s - i.e., the relative price changes of energy. 

The second was expected to be ~i series of medium- and long-term 
scenarios of industrial development to the year 2000; these scenarios to 
incorporate net only the major conclusions of the sectoral studies 
emerging from the hist.orical analysis but also lhe macro-economic impli­
cations eif energy prices. 

The third was t.o derive policy im;>licat.ions of the scenarios with respect 
to the industlializatiou process of developing countries. 

In addition to these three major components, the study was also to assemble a 
few materials !lvailable in IIASA on estimates of future availabilities of energy sup­
plies fo!"' the years 19SO and 2000 and related tnvest.ment costs. These have been 
used in the scenarios and are available in the study. as well as IIASA forecasts of 
energy prices. 

The hisi.orical analysis and lhe scenarios are given as Part I and Part II of 
the study respect.ively. A number of policy conclusions are mentioned in the 
course of the. study but major conclusions are discussed in Part II (scenarios) and 
summarized at the out.set of this report. 

Part I aims at analyzing changing energy /output ratios for the most important. 
encr2y-int.ensive industries. Previous studies at lhe lnt.enlatlonal Institute for 
Appiied Systems Analysis (UASA) (e.g., Dobltn (1983) and Laaer (1983)) show that 
energy intensities vary with chanaes in lhe production structure. Also. a team 
usin~ the UNIDAD model checked whether ir.dust.rtal specialization (at lhe 24-
sec•~r level} was responsible for the ®served spread of input-out.put coefficients 
(at the 8-sect.or levei): in 40 out o! 64 coefficients it was found that output mix did 
have some effect. The present study therefore emphasizes product-mix effect.a and 
shows that changes in product.ton structure affect. the eneru/output ratios of 
industry ero1Jps over tima, as well as bftt.ween countries. A detailed, disas:areaaled 
approach was chosen, not only on theoretical arounds but e.19o for practical rea­
sons. The use of commodity data requires more Information but. makes It possible 
to utilize engineering data. Data expressed in physical unit.a are used for lhe most 
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part. t.hus avoiding as far as possible prob1ems relat.ing t.o different. curr&ncies 
and discrepancies bEt.ween exchange rat.es and individual purchasing power pari­
t.ies. Finally. t.he use of commodit.y market. data provides a link bet.ween t.he energy 
demand profiles present.ad here and ot.he:-- st.udies dealing wit.h special commodit.y 
market.s. 

All t.he above result.s have been used fri t.he UNIDAD model nms unt.il t.he year 
2000. Some adjust.ment.s have been made in cilffe:-ent. scenarios wit.h respect. tot.he 
changes in lhe pat.t.ern of int.ernat.ional trade bet.ween Nort.h and South. 

Under t.he supervision of Anat.oli Smyshlyaev. t.his report was prepared by 
Jacques Royer and Christ.Ian Lage1'.". Ryoichi Nishimiya 81ld Wolfgang Schopp were 
responsible for t.he comput.at.ional efforts. Thanks are al.so due t.o Claire Doblin 
and Michael Kraus for wort.by suggest.ions and t.o Bruno Amable for reference 
work. 

Anat.oli Smyshlyaev 
II.A.SA 
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SU1lllARY AND CONCLUSIONS 

This study is divided in t.wo parts, with an historical analysis as Part I and, 

based on results from t.he analysis, a forward-looking exercise as Part II. 

Part. L 

The historical analysis firstly concentrates on t.he sharp decline in energy 

int.enait.ies (Terajoule per 1970$ of GDP) observed in industrial product.ion of 

major developed economies aft.er l 97'.:S. The economet.ric met.hod used in t.he study 

is applied, for Illustration purposes, to time series in Austria (see Chapt.er 1.2). An 

original feature oft.he met.hod is t.he possibilit.y of incorporat.ing engineering dat.a 

in t.he analysis al t.he commodity level, where macroeconomic information is gen­

erally not. available. The analysis refers t.o five energy-int.snsive indlLt.ries and 

tries t.o explain changes in t.he price elasticity of energy intensity in each industry 

from 1964 t.o 1980. What. is considered as a price-elasticity of energy in most stu­

dies, is decomposed here int.o t.wo components, en6rgy savings due t.o technical 

progress and impact. of change in pre.duct. mix. The product-mix effect. is seen t.o 

explain a Si6-11ficant. portion oft.he price elast.icit.y {401 and above) in four indus­

tries out of five. 

The analysis is then ext.ended in Chapter 1.3 t.o five energy-int.ensive branches 

of eight. major industrialized countries of North America {USA), West.em Europe 

(Aust.Ma, France, Federal Republic of Germany, It.aly, UK), East.em Europe {Hun­

eary), and Japan. The annual rate of chanre ln snergy int.ensity ln the 1970s is 

firstly comp·.iled and found t.o be eenerally negative, roughly ranging from -11 t.o 

-d per anr • .:.m. Identifying some flftew specific commodities produced by t.hese 

l.Jranches, it _;s t.hen demonstrat.ed that. t.he d11cllne in energy intensity can be 

.Jxplained t.o a larsre extent {measured ln the st·.Jdy) by a shift of out.put t.owards the 

~ess enerrr-tnt.ensive commodities within each branch. 

Two altenmt.ive interpretations susriiest. t..hemselves, for policy purpose, the 

shlfl in out.put.-mix t.owards less en&rgy-tntensive commodities can be thought. t.o be 

permanent., 1.ts., related t.o a long-term move, or t.emporary, i.e., due t.o a cyclical 

slowdown of the economy. The importance of this issue cannot. be underestimated, 
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since a permanent shift of industriahzed economies towards less-intensive commo­

dities would strongly affect the international division of labor. Unforlunalely no 

general answer can be given al lhis st.age in an analysis reslricled to lhe 1970s 

(lhe pic~ure will be much clearer when the recession is over), but lhe report 

already offers a few interesting conclusions. In some cases, e.g., for non-ferrous 

metals in the Federal Republic of Germany, some qualila~ive evidence of temporary 

changes is foHnd. The case of Iron and Steel, which is quantified in lhe study for 

seven colu1t.ries, is yet of a d.ifferent type. A permanent shift towards less­

intensive processes, which car. h~ assimilated to a long-term technical progress 

suggests that litUe ground, if any, is prepared in the seven developed countries 

for a new international division of labor in steel. 

The next step is an alt.empt. to ext.end the gN>graphical coverage of the study 

to the world al large, divided into t.er1 regions (the 11 UNITAD regions less Cen­

trally Planned Economies of Asia on which few data were available). For this pur­

pose, lhe production of fifteen commodities was analyzed in BO countries over the 

eleven years from 1970 to 1981. In ~rrying out. this huge data-processing 

reported in Chapter I.4, many statistical traps were encountered, sometimes 

involving arbilnsry choices. However, an attempt was made to compare production 

figures obtained in the sample of countries wilh independent world estimates, 

which, on the whole, confirmed the results. The main finding, al this stage, was 

that most developing countries increased their world shares in the production of 

energy-intensive goods. Whether this fast. industrialization process in t.he primary 

processing industry was intended primarily to their domestic markets or to the 

international market is open to interpretation al this stage, and the potential 

future impact of these alternatives on the international division of labor is lert for 

Part. II to investigate. 

Next. {Chapter 1.5), energy requirements of these commodiUes were computed 

on the basis of t.wo simplified rules: 

(1) The energy intensity of a specific commodit.y or of a homogeneous group 

of commodities does not differ very much between countries (best. prac­

t.ice prevails). 

(2) Energy saving t.echnological proeress grows with a constant exponential 

growth rat.e, which differs from industry to indust.ry, but !s equal ~mong 

countries. 

' 
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The computation of energy requirements, again, was checked through t.he enertY 

balances of the industrial seclor in those countries where relevant lime series are 

available. In Chapter 1.6, the result. of t.he analysis appears in t.he form of 

energy-intensity coefficients for five sub-seclors \chemical industries, nc•1-

f errous metals, st.eel, non-metallic mineral products, pulp and paper) and for the 

primary processing seclo; · as a whole in each of the t.en regions. An econometric 

procedure similar l.o t.he t.esl carried oul in preceding chapters is used lo measure 

lhe shift. lowards more (or less) energy-intensive commodities within each subsec­

lor in eact. region, from 1970 lo 1981. In developed regions, massive evidence of a 

shifl le vards less energy-intensive products is found, except. in the nat.ural­

resources endowed "Other Developed" region (Australia, New Zealand, South 

Africa). In developing regions, and especially Wesi Asia-North Africa, the oppo­

site rule prevails, i.e., a shift. towards more energy-intensive commodities. The 

fasi industrialization process in new industrializing areas is also driving many 

develop~ng economies toward energy-int.ansive componants of sub-sectors. 

The overall change in energy intensity by region is computed as the sum lot.al 

of the out.put-mix and lhe technological progress effect::. The former is a weighted 

average (wit.h constant. dollar product.ion figuros as weights) of the output. mix 

effect by industry, as obtained. in t.he preceding chapter, while the latter is a 

weighted average of assumed technical progress trends by industry. Considering 

firstly the technical progress component., it. is no wonder t.hal annual rat.es are 

found very close from one region lo another, around -2.21, since exogenously 

assumed industry trends do nol differ widely. More interesting appears t.he series 

'.>f out.put-mix effects. The range of trends due lo structural change (in percent. 

p.a.) is -0.5 lo .7 in lhe first four developing regions, all negative, whne no signi­

ficant. trend was found in the "Other Developed" region, the most. natural-resource 

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

America, Sub-Saharan Africa and West. Asia-North Africa, with lhe following values 

(in percent p.a.): 0.5, 1.9, and 1.3, respeclively. Finally, two negallv'3 trends 

emerge for the Indian Sub-Conlinenl {-0.41) and for East and South-East. Asta 

{-1.71). The lat.t.er figure shoulci be intel"1:)ret.ed wtlh caulion since it. is largely 

due lo one sub-sector, chemical industry, wtlh a d1~creasing weight, not lo menlion 

the uncertainly in est.tn1&ling a t.rend In this sub-sector. Adding up the t.wo com­

ponents, decreasing trends In energy-jnt.enstly ranging from -2.1 to -2.91, emerge 

in developed regions, lfit.h a diversified picture in developing regions: no overall 

t.rend in Sub-Saharan Africa, where t.he increasing int.enslly due to struc;lunil 
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change compensa.t.es t.he decreasing intensit.y due t.o t.echnical progress, a negat.ive 

-1% t.rend in West. Asia-Nort.h Africa, negat.ive t.rends around -2% in Lat.in America 

and t.he Indian Sub~nt.inent., and ft cont.roversial figure close t.o -4% in East. and 

Sout.h-La.st. Asia. 

The least. t.hat. can be said on t.he st.ruct.ural change effect. is t.hal the posit.ive 

changes found in Lalin America, Sub-saharan Africa, and West. Asia-Nort.h Africa 

comply with expectations since t.hese regions are natural resources anci,'or energy 

endowed. The negalive trends found in the four largest. developed regions, on lhe 

ot.her hand, ext.end and confirm the analysis made in Chapter 1.3, i.e., a proportion 

close t.o 25% can be alt.ributed t.o structural change in the overall decrease in 

energy int.ensft.y. Finally, t.he negative results for t.he last. two developing coun­

tries, the Indian Sub~t.inent. and :East. and Sout.h-East. Asia, are more fragile, 

since it. appears from t.he analysis in Chapters 1.5 and 1.6 t.hat an increase in 

energy int.ensity is observed in a number of sub-sect.ors. The negat.ive trend oft.he 

st.ruct.ural change effect obsu-ved in the 1970-1981 period may therefore be 

reversed in the future as a result of a cont.inuat.ion of t.he industrialization policy 

in t.hese areas. 

It therefore looks as if major changes occUITed in the 1970s in the interna­

t.ional division of labor of primary processing industries: developed count.!'"ies 

moved t.owards less energy-in\.ensive industries, while an increased share of more 

energy-intensive industries was observed in developing regions. Even though it. ls 

t.oo early t.o state that. these changes can be considered as long-t.dnn trends, It is 

int.erest.lng t.o study, through simulations, t.o what. extent. t.hfJy are likely t.o affect 

the world energy balance. This is t.he object of Part II. 

Part ll. 

This part deals with forward-looking explorations of energy Issues based on 

the analysis achieved so far. It. ls divided int.o four chapters, t.he first. briefly 

mentions • ·elevant. me~odologlcal aspects of t.he UNIT AD moe 31, which ls a UNIDO 

model bulll up for long-t.erm explo1'.'8.t.lon purposes. The second follows directly 

from Part I and concentrates on energy issues. The macroeconomic framework is 

then Just.tfied and analyzed in the medlum-t.erm (1984-1990) in Chapter II.:_:\ and in 

t.he long-t.erm (1990-2000) in Ct.apt.er 11.4. Brief policy conclusions follow. 

In order t.o carry out. forward-lo:-'kbe stmulat.lons, t.he data base of t.he UNI­

T AD model wa.oi enl'lsrged t.o incorporat.e relevant. dist.a of the world economy. As a 

starting point., input/out.put. coefficients were updated t.o 1970, using both energy-

.. 
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saving coefficients derived from the historical analysis (Chapter I.6~ and a new set. 

of 1980 input.-out.put. tables supplied by UNIDO for all regions. The model was also 

adjust.ed t.o give energy balances in physical units (million t.ons of oil equivalent., 

mt.oe). In order t.o do this, it. was necessary t.o establish L""aDSit.ion figures bet.ween 

const.ant. price dat.a in the model {expressed in 1970 prices} and primary energy 

units (expres-3ed in t.ons of oil equivalent. (toe)). This was drme for each of the four 

energy sub-sect.ors of the model. These adjustments are briefly reported in 

Chapt.er II.1. 

Th" ~t.ent.ial impact of conclusions derived from Part. I on world energy bal­

ances is considered in Chapt.er II.2. Simulat.ions were designed so as t.o allow only 

one shock t.o the syst.em at. one t.ime and t.o dot.his, it. was cvusidered preferable t.o 

operate on the period ext.ending from 1990 t.o 2000 rat.her t.han int.he 80's where 

conditions are likely t.o be infimmced by many events. Following a base-line 

scenario from 1980 t.o 1990 (described later), three different. simulations (denom­

inated A,B,C) were built up for a ten-year period. Simulat.ion A is based on an 

assumpt.ion that. no permanent. structural changes towards less energy-intensive 

indust.1-tes t.ake place in Ute Basic Products sect.or of developed countries. So 

energy input. coefficients in develooed countries were modified by a multiplyer 

reflec•i1 . only t.he continual.ion of trends in t.£.chnological progress. No such 

trenm. were applied, by convent.ton, t.o the Basic Product. sect.or of developing 

regions in this and ot.her simulations. In simulation B, two sets of exogenous 

assumptions were introduced: On the industrial side, developed count.rie.3 special­

ize in less intensive proct:Ssing indust.ries (input coefficients are affected by a 

multiplyer reflect.tog both t.he technological progress trer.ds and the out.put.-mix 

effect. described in Chapter 1.6); on t.he trade side, an int.ernat.ional division of 

labor progressively develops in all manufacturing goods: developing regions sell 

more intermediary products (produced in the Basic Products sect.or) both t.o 

developed countries and on their own market.s; other commodit.y markets also bene­

fit. by trade liberalizati.-,n but t.o a minor extent as compared t.o intermediary pro­

ducts. In this experiment, all other paran.eters, and in parli•:ular GDP growth, 

were kept al the same level as in simultalion A, so as to derive the primary order 

effects of the assumptions. Finally in simulation C, a 1-percentage point. or annual 

growth rate was added up in all developing regiuns, in order t.o derive marginal 

growth elasticities for comparison purposes. 

The result of the experiments firstly confirm expect.at.tons: when considering 

the industrial uses or energy, t.ot.al primary units consumed in the South incrQftSe 
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in simulation B, compared lo A, while t.he opposit.e ls observed in developed 

regions. But one int.erest.ing result. emerges: t.he lot.al world primary use of 

energy in industrial sectors decreases, and so does tot.al world energy consump­

t.ion; t.his reflect.s t.he feet. t.hat. all indirect. effect.s of the Nort.h-Sout.h subst.it.ut.lon 

in t.he Basic Product.s sector, when permet'!.ling ot.her sectors of developing 

economies, give rise lo less energy consumpt.ion t.han in t.he Nort.h (e.g., income 

accruing t.o households is spent. in much smaller energy per caplt.a figures). 

Anot.her major implicat.ion is t.he shift. in t.he world st.ruct.ure of t.he basic pro­

ducts sect.or, and of manufact.uring at. large. For developing economies as a whole, 

t.he Basic Product.s sector grows w'".h an elast.icit.y relative lo GDP of 1.4 in simula­

tion B. as against. 1.3 in simulation A (for comparison purposes, t.he marginal GDP 

growt.h elasticity of t.he sector in simulation C is only 0.95). The manufact.uring 

sector as a whole is also boosted in developing regions, wit.h GDP growth elast.ici­

t.ies of 1.3 in simulat.ion B compared t.o 1.2 in A. As a consequence, t.he Value-Added 

of manuiaoi:.uring in market. developing regions over t.he world lot.al would rise from 

9'1 in year 1990 (141 wit.h CPE, Asia) lo 141 of world total (201 if CPE, Asia is 

included) in simulation B, as against. 131 in simulation A (191 wit.h CPE, Asia). 

These result.s can be t.raced up t.o t.he assumpt.ions made on t.rade liberaliza-

t.ion and ct.her aspect.soft.he world economy. Among lhese aspect.s, one may quole: 

t.he exogenous assumpt.ions on t.he GDP growt.h rale of t.he North (around 

31 p.a.), 

t.he low t.rends in energy prices, as described in U1e IIASA document. in 

Annex 4, 

and finally, t.he financial and monetary rules governing t.he level of 

indebtedness in developing regions of t.he Sout.h: long-t.erm lnt.erest. 

rat.es in financial market.s are supposed t.o be in t.he 7-81 range in lhe 

1980's and 2-31 in t.he 90's (in real t.enns). 

The t.rend scenario up t.o 1990 and simulation A from 1990 t.o 2000 can be con­

sidered as a base-line scenario up t.o 2000, wilh slmulallon B as a variant.. The 

major macroeconomic impUcat.tons of t.hese assumptions are described separat.ely 

for lhe medium-t.erm fut.ore (up t.o 1990) and for t.he longer t.erm (1990-2000; 

Int.he medium-t.erm (Chapt.er 11.3), a no-change policy line was adopt.ed fort.he 

major int.Etrnat.ional paramet.ers reviewed above. The 2.91 p.a. assumed for 

developed market. economies, matched with a severe debt. management., i.e., a zero 

growth of debt. in real t.erms, yields a rat.her gloomy picture of t.he world economy 
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in 1990. In the North, there ls no hopt. to achieve a full-employment target, and 

developing countries would be even farther away from their performances in the 

70's (5.3 % p.a.), with a 4.1 annual growth rate for the 1984-1990 period. The 

growth pattern is strongly influencetl by the debt burden. Growth rates in Asia are 

accept.able while they are poor in Lalin America, with a 3.1% p.a. growth rat.J, and 

miserable in Sub-sahHI'llll Africa (0.9%). Altogether, in the 1980-90 decade, per 

capita growth rates decline in Lalin America and Sub-saharan Africa. 

These figures illustrate the likely medium-term implications of the type of 

low-growth equilibrium generated by the present environment: massive unemploy­

ment in the North, no solution lo the debt problem of the South, and frustrating 

social situations in two continents. Alternative solutions, so desperately needed, 

are explored in the 1990-2000 scenario. 

Two sets of ~umptions govern the base-line 1990-2000 scenario (formerly 

denominated simulation A) as described in Chapter Il.4. Hardly any change are 

made on the annual growth rate of the North (3.11) as compared with the medium­

term scenario. This was deliberately chosen, among possible alternative as-mmp­

tions, if only lo demonstrate that a different world equilibrium could be attained 

with cautious assumptions on developeri economies. In addition, a systematic 

attempt was made to alleviat.e t.he debt burden: firstly, on the financial side, real 

interest rates were kept low (2-3%); secor.dly, developed market economiAs 

liberalized trade so as to enable developing economies lo export more and to 

repay part of their debt. This maans t.hat developed countries would accept 

"structural" deficits tn their trade balance wtt.h the South over the decade, with 

very lit.lie feedback effect. of the growth of South on the North. Arbitrary though 

t.hese assumpt.tons look like, they illustrate an extreme policy line which is meant 

to be useful for comparison purposes. 

The growth effect of these assumptions on the South ts spectacular, since 

their annual growth rate ranches 6.9%, alrnost the target. set. forth in the UN 

development decade. In particular, Latin America achieves a 7.8% growth rate, 

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

manufactures where developing regions double up their world share over the 

decade (above 20% compared lo 10% in 1990). Out of this share, East. Asia alone 

makes more than 50% tot.al manufactures exports or the Scuth, and Lalin America, 

ahvi.her 20%. Intermediary products, in manufactures exports, becomes the first 

commodity group (around one third), followed by equipment and machinery (30%). 

l~ese results can be taken as illustrating the trade aspect of the ~rJlernalional 
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divisior. of Labor described in Chapter II.2. 

Condusions 

Two major policy conclusions emeree from these simulations. On the 

macroeconomic policy side, this study illustrates one possibility of achieving a 

much better world equilibrium than is likeiy Lo result. from the continuation of 

present. trends. With a more liberal management. of world trade - even allowing for 

a long adjustment. period for t.he North - and a political will to solve the indebted­

ness problem, much higher growth rat.es can be achieved in developing areas and 

(although it. was not. explored here) in developed countries. 

On t.he energy side, as considered in this st.uoy, such higher growth of t.he 

world ecoPomy would permit. a fast. development. of energy and capital int.ensive 

industries in t.he South belonging to what. :s called here t.he basic products or t.he 

primary processing sector. This development, it. was shown, which conform to a 

rational international division of lanor int.he energy-endowed South, would comply 

with reasonable assumptions on the likely development. of t.he energy sector. At. 

any rat.e, the high gro·rth of energy ccns•1mptton in lhe South resulting from the 

development. of the primary processing sect.or would altogether alleviate world 

demand pressure for energy (and therefore lower energy prices) as corr.pared with 

a continuation of the preseral concentration of lhe industry in the North. 

To sum up, inducrt.rial redeployment. in the primary processing industry not. 

only lends to achieve a be~t.er South-North balance of the manufacturing sect.or 

along policy lines advocated by t:NIDO, but. it. would also cont.ribut.e to an optimal 

use of scarce energy resources al t.he world level. 
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PART I: IDSTORICAL ANALYSIS OF ENFRGY COEmCIENTS 

Ll SURVEY OF STUDIES AT THE INDUSTRY BRANCH LEVEL 

The long-t.erm forecast.ing of energy demant'l is usually based on a funct.ional 

relat.ionship bet.ween energy consumption and economic activit.y. Therefore, the 

energy/out.put. rat.to and t.he elast.icity of energy use with respect t.o output. play a 

central role in energy-demand analysis, and therefore they have been widely dis­

cussed and estimated. Past. studies for developing countries• have shown, in gen­

eral, elasticit.ies significantly larger than 1. For developed countries there have 

been a large number of studies, somet.imes with seemingly contradict.cry results. 

Time-series studies by Nordhaus (1977) and Kouris (1976) found elast.icit.ies for 

advanced economies of around 0.8, but not significantly las., than 1. Kouris (1976) 

demonstrat.ed decrf'astng elast.ic:ties in the fift.ies, followed ,,ya gradual increase 

towards unity. On the other hand, Brooke (1972) pre:;ented a cross-sect.ional 

analysis covering countries representing a wide range of development. levels, 

which showed elasticities tending towards 1 from ahove. If changes in en.ergy effi­

ciency caused by differing fuel mixes are excluded, Brooke (1972) found elastici­

t.ies for advanced economies of around 1 and for developing countries of around 

1.5.** 

It is observed in general that in the early st.ages of development., when an 

economy is moving towards industrialization, energy substitutes other product.ion 

factors (particularly labor) and the share of energy-intensive basic products 

(basic metals, building materials) increases rapidly; this is renected by a large 

elasticity of energy use. 

It is also observed that. for developed countries there is a tendency t.o reduce 

the energy /output ratio so that. elasticities will tend towards 1 from below. 

• Z11berfarb and Ada11111 (1981) found elastlclt.les of app1·ox1mat.ely 1.4. 
sa A11 a part. of efflclency 1rowt.h l11 excluded ln Brookr'11 analy11l11, hl11 elalltlclt.les may be 
11ll1ht.ly overesttmet.ed comp1red wlt.h unadjuste~ fl1ure11. 
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For the industrial sector energy-demand pat.terns are determined by t.he mode 

and st.ruct.ure of production, or more precisely by: 

the technology used, and 

t.he product mix of industrial output.. 

This section summarizes t.he results of a few studies t.hat will help t.o quantify the 

impact of st.ruct.ural changes on differing energy demand patterns. An at.tempt will 

be made t.o subdivide pure technology effects from effects that are due t.o changing 

production structures. 

Doblin (1963) analyzes the reasons for the changing energy/output ratios for 

the USA, the FRG, the UK, and France over the period 1970-1961; Table 1 shows a 

more or less canst.ant decline in energy /output ratios. On the at.her hand, gr:>wing 

industrial activity (except for the short breaks in 1974/75 and 1960/61) can be 

recognized for most. of the countries concerned together with increasing industrial 

outputs, and decreasing energy/output ratios imply elasticities of less than 1. It 

may be argued that. this pat.tern is charact.erist.ic of post-indust.rializeri economies. 

A further glance at. the composition of industrial outputs (Figure 1) leads t.o the 

assumption that, over the long term, t.he industrial sect.or's demand for energy was 

cul back because of changes in output profiles. While t.ot.al industrial production 

has risen, the most. energy-intensive branches have declined or remained at t.he 

level of 1970. ll is remarkable that the gap between the most energy-intensive 

product.ion activities and t.ot.al out.put grew increasingly aft.er both oil shocks. 

This may encourage the assumption t.hat, at least in the short run, the response of 

industrial management and policy makers t.o the rise in energy prices was nol t.o 

increase efficiency but rather t.o subst.itule energy-intensive and therefore 

increasingly expensive products by other materials, and simply t.o decrease t.he 

share of energy-intensive inputs (e.g. machinery and transport equipment became 

more lignl and fragile). Another remarkable result is t.hal there is a negative 

correlation bet.ween the energy intensity of product.ion and the value added con­

tent of , >ut.pul. In 1970, the six most. energy-intensive industries, which accounted 

for nearly 60% of industrial energy demand in the USA, contributed only 33% t.o the 

value added of the manufacturing sector as a whole. While in t.he seventies the 

growth or these energy-intensive basic industries was progressively slower, the 

high-technology value-added-intensive sectors, such as electrical en~ineering and 

pharmaceuticals, grew rapidly. Therefore Dahlin (1963) concludes, "all the time 

lhe breaking of the energy coeffic•ent was a myth ... sustained cut.backs in tot.al 

primary energy consumption originate from the structural change of industries 
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Table 1. Energy consumption and lolal industrial production {both as index 

numbers, 1970 = 100) in lhe United St.ales, France, lhe FRG, and lhe UK, 

1970-1981. 

Year Inergy Tot.el Illergy Illergy tolBl Tuergy 
oorssuqJt.ioo industrial oalpul coosW14Aoion tnduslrial oulpol 

(all fuels antl produclioo rdliO (all fuels and production ratio 

electricity) el.ect.ricily) 

($) (%) (E /:r:Xl.00) ($) (n) {E/:r:Xl.00) 

United. Sta.tu F'ra.nce 

1970 100.0 100.0 100.0 100.0 100.0 100.0 

1971 100.1 106.0 

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 97.1 

1975 93.3 110.4 84.5 109.8 115.0 95.5 

1976 98.7 121.6 81.2 109.9 124.0 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 103.7 142.9 72.6 117.1 135.0 86.7 

1980 91..'.2 137.9 69.8 114.7 133.0 86.2 

1981 89.9 141.5 63.5 109.8 130.0 84.5 

FRG 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 93.3 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 94.0 114.3 81 .. 9 

1980 97.0 123.1 78.8 77.6 107.4 72.3 

1981 92.6 120.13 76.8 73.3 101.9 71.9 

Source: Doblin (1982). 
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and of lhe economy." 

Very s~~niiar figures can be observed for lhe Japanese economy. While 

Japanese GNP and output of lhe manufacturing sector as a whole in Japan went up, 

despite a short. decline afler lhe first. oil crisis, energy consumption in manufac­

turing industries has decreased (Figure 2). figure 3 leads again to the conclusion 

lhal changing production structures have an enormous effect. on the energy/out.put. 

ratio. Sagawa {19&4) subdivided the shifts in Japanese industrial energy use into 

four parts: 

changes due to increases in efficiency of energy use, including unidenti­

fied changes in lhe product.ion structure of identified industrial 

branches (intra-ir.dustrial product-mix effects): 

changes duE> to a shirt towards high-value-added products within indus­

tries {which may indicate hidden intra-industrial product-mix effects); 

changes due to interindustrial out.put-mix effects expressed as changes 

in lhe weights of value added among industries; and finally 

changes due to growth of real GDP {changes in t.he level of economic 

activity). 

The results of lhis decomposition are shown in Figure 4. Mosl of lhe decline in 

the aggregate energy/out.put ratio of the Japanese economy can be attributed to 

shifts towards high-value-added products and energy saving. Taking into account 

the fact that a Large and increasing part of "energy conservation" is due to 

unidentified intra-industrial product-mix effects, expressed as changes in the 

value-added coefficients, it is obvious that. the effect of pure energy saving is 

overestimated. The chief reason for stagnation of energy demand per unit of 

industrial output can safely be attributed to changing intra- and int.er-industrial 

output structures. 

With the help of input-out.put. analysis, Ploger (1983) shows that., besides 

GDP-level effects, the main part. of the reduced energy consumption in Danish 

industries has been brought. about. by changes in the energy coefficients and by 

changes in import. shares. While t.he growth in Danish GDP over t.he period 

1966-79 caused an increase of 268,000 TJ or 79% in energy consumption, changing 

import shares were responsible for a decrease of 16%, changing energy coeffi­

cients for a decrease of 17%, and the changing composition of final demand for a 

decrease of 4%, so t.hat t.he actual overall energy consumption of Danish industry 

increased by only 42%. 
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P'ipre -i. Fact.ors that induce changes in energy demand in indust.rial sect.ors. 
Source: Sagan. (1984). 

For the Aust.nan economy Bayer (1982) discovered that energy-saving effects 

represented by changes in industrial energy/output r-at.lo were much higher ;prior 

to the first. oil shock in 1973. While the decline in energy/out.put ratios during the 

sixties was mainly caused by int.erfuel subst.ltut.lon (changes from coal t.o more effi­

cient oil and gas t.echnologies), t.he major part of t.he decrease in t.he 

energy /output r-alio associated with the &lrst. oil shock was due lo shtrls from 

energy-int.enstve basic sect.ors t.owards the final production branches of the 

manufact.uring sector. 

For t.he French economy, Marlin, Chat.eau, Criqui, Laplllonne (1964) ack­

nowledge t.he changes In the pat.t.ern of energy conswnpt.lon aft.er 1973 observed in 

all major Industrialized countries, and the decrease of the energy content of 

growth, makine a distinction according lo industries between t.he cont.ent. and 

st.ruct.ure effects. 
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flarlay (1984) st.udias t.he US industry's energy consumption and at.tributes the 

reduct.ion of consumption compared t.o past. trends t.o improvements in lhe effi­

ciency of industrial process lechnoiogies, slower industrial growth and changes in 

lhe com.posit.ion of ind~al out.put., i.e., a move away from energy-intensive 

activities. 

For int.ernat.ional comparisoDS', Sagawa and Kibune (1984) not.ice lhal differ­

ences in levels of energy/GNP elasticities depend on t.he level of development. as 

well as on the geographical posit.ion. Chat.eau and Lapillonne (1982) relate energy 

consumption t.o socioeconomic variables, and not.e t.hat. t.he structure of economic 

activities directly determines t..'le energy demand, and t.hat. t.he future devel'Jpment. 

of tertiary activities will imply a growth of energy consumption slower lhan t.hat of 

activity. 

The changes in processes in some energy-intensive industries are studied by 

Burwell (1982, 1983, 1984). For pulp and paper, one can isolate some fact.ors of 

decrease oft.he energy consumption such as t.he use of waste paper inst.e"'d of pulp, 

or t.he resort. t.o imported pulp. New techniques in paper industry go towards a 

better use of water {less wat.er needed and a bet.t.er efficiency in evaporation). 

For t.he glass industry the reuse of glass is a fact.or of energy savings, Just as lhe 

improvement of furnaces and insulation. In t.he st.eel industry, Burwell not.es that. 

t.he generalization of t.he electric process and reuse of scrap is a major fact.or of 

increasing enere?}' effichncy. The ECE (1983) adds t.o these fact.ors t.he shift. away 

from t.he Open Hearth process lo the more efficient Basic Oxygen process, and the 

increasing share of cont.tnuous cast.'ng. The OECD study (1983) on almninum indus­

tries stresses t.he particular energy-intensiveness of this industry. The crisis t.hat 

this industry experiences is a strong f~ct.or of st.ruct.ural changes, such as t.he 

worldwide reallocation according lo elect.ricit.y prices and t.he import.l'lnt shut.downs 

of plants. No major changes in processes has occurred, lhere ts a general 

improvement of t.he technologies used, and a trend towards a larger reuse of 

scrap. The growing importance of elect.rte melting is hi~her t.han that. of fuels. As 

is mentioned in Burwell (1983), oxygen enrichment. in t.he smelling of cop!)er 

reduces the tot.al use for energy. 

This sect.ion has suggested lhat. a large proportion of the decline in 

energy /out.put. ratios can be at.t.ribut.ed t.o changes In the st.ruct.ure of industrial 

product.ton. In the next. sect.ion a model will be elaborated t.hat. permits a more 

detailed explanat.ton of t.he effects of st.ruct.ural changes on energy /out.put. ratios. 
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1.2 ECONOJIETRIC MODELING OF PRODUCT-llIX AND PRICE EFYECT ON 

THE ENERGY SAVINGS: A CASE STUDY FOR AUSTRIA 

From lhe previous overview il becomes clear lhal most studies dealing with 

analyses of energy demand by industry (or by a subindustry) lend to introduce and 

analyze lhe energy output ratio wilhoul an at.t.empl t.o split. lhe effects of st.ruc­

t.ural change and the ene~~gy-saving technological progress in the energy coeffi­

cient.. Even if a sect.oral (commodity) breakdown is performed, most studies remain 

restricted t.o fixed energy/out.put. ratios al a disaggregated level. We see the rea­

sons for this either in t.he lack of data or in t.he data inconsistency which limils 

t.he analysis t.o pure algebra multiplying fixed energy intensities by structural 

changes or staying at. t.he aggregated level. Clearly lime series of energy inpul 

are mostly available at. the level of aggregated industrial branches. 

In t.his sect.ion we present. results of an at.tempt t.o analyze bolh changes in t.he 

st.ruct.ure of the most energy-intensive industries at. lhe commodity level laking 

int.a account t.he possible impact. of an energy price change in t.he energy saving 

technological progress at. the micro level. This must. be considered as an alt.empt 

t.o bring econometric techniques t.o a set. of data which, in general, are complemen­

tary, and by doing so, t.o derive some conclusions on the possible impact. of techno­

logical progress on t.he aggregated energy /out.put ratio. 

The following jata for Austria (usually available for a majority of developed 

countries) and notations* are used: 

E(t) Energy input. into an industry (which is considered liS a subject. of 

analysis, aggregated) is m~sured in comparable physical unils (Jonles, 

coal or oil equi -.ralent.); these data are - at. least. for aggregated indus­

tries - supplied by national censuses or complied by int.ernat.ional 

organizations (IEA/OECD); 

X(t) Gross out.put of an industry (value of sales or shipment..s) in constant 

prices - for many countries t.hese data are also available. 

• In general t.he11e not.at.ions are used in t.he lat.er 11ectlon11 of' t.hl11 report.. 
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Qt (t) Commodity outputs for selected energy-intensive products meesured in 

physical terms. These dat.a are usually reported by national statistical 

offices and compiled by l!N (1981). 

et (t) Energy inputs per unit of volume of an i-th commodity, ~ed 

engineering dat.a. These dat.a are rarely reported on a comparable 

basis and are usuatl.y taken for some benchmark years from a variety 

of sources - some of them contradict each other. However, some 

ranges of these coefficients can be found, al least for recsnl years 

(see Boustead-Hancock 1979). 

If and only if all the data required cover the industry performance, there is 

no difficulty lo compare the results of the aggregation by commodities with the 

reported aggregated figures, i.e., the equality must at least be roughly fulfilled: 

(1) 

Of course it will be equally dangerous t.o assume et (t) fixed over lime or lo 

look only into aggregates if the development. of different. products ls not. the same. 

Being concerned with available dat.a firstly on ef. (t) we assume 

(2) 

where 

P(t) price index for energy used by the industry* 

fJ price elasticity of energy use with respect lo the industry con­

cerned. (Again fJ might. differ from product lo product, but It makes 

it. difficult lo assume dtrferent f1t whlle no information on energy 

carriers ls used) 

et energy intensity in the base year taken from engineering dat.a. 

In t.he case of Austria energy use, in both physical units and in millions of 

current. Austrian Schillings (AS), was supplled by an est.abllshmenl-based census of 

Austrian industrial firms, so that we may derive the required time series of prices 

by dividing these two sets of rtgures. To avoid the problem of the overestimation 

of a model quality in terms of goodness of fit. we work with relative figures, i.e., the 

• or courH, If en tnformat.lon on t.he enera carriers' 11\.ract.are le ct•en for different. 
commodtt.tee, one may spectry Pc(t), but. furt.her on we t.ake It. fort.he selected tnduet.ry ae 
tt. ta. Thus price Indexes (1971•100) were calculat.ad by dl'91cHnc t.he t.ot.al cinera cost.• of 
t.he tndust.rtes concerned at. current. prices by t.ot.al enercy use values In t.eraJoulee (Tj) 
and nonnallzlnc t.he price eertea. 
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equality (1) is rewritten in terms of: 

(3) 

where ct<t) is the share of the 'i-th commodity in the industry output. and e(t) is 

t.he energy intensity of the whole indust.ry. It can be done if corresponding outputs 

by commodities are reported in constant. pri.;es or by deriving the required values 

under the flSSUDlplion that. prices by commod.it.ies are known and commodities are 

rather homogeneous so that 

where P, is a i.lase year price of a unit of the 'i-th commodity.• 

Taking into account possible drawbacks when estimating a model with a limited 

number of commodities, we came lo a regression: 

(4) 

where e(t) is an error term or a variable which might absorb all effects of the 

model inaccuracy.•• 

Here t.he following adV8Ilt.ages of the approach are clear - structural changes 

within an industry are considered in terms of c,, engineering estimates for energy 

input. per commodities are used in terms of e,. price influence is also taken. 

Table 2 shows the estimated energy coefficients and the price elast.icities 

(estimated with model (4)) for the five industries studied. The standard errors of 

t.he base-year coefficients (i,) for all of the energy-intensive products appear 

very low, indicating the high explanatory power of the product-mix coefficients of 

the most energy-intensive products in each industry. Estimates for other, less 

energy-intensive products are mostly insignificant.. Most. of the price elasticities 

(except for the food and beverage industry) are also significant but the t­

st.at.islics may indicate in general that prices have less explanatory power than the 

product mix of energy-intensive commodities. 

To evaluate the present approech compared with more traditional met.hods, 

price elasticities were estimated without. taking product-mix effects into account, 

i.e., by est.tmat.lng a macro model: 

• For t.he moat. enera-int.enstve commodit.ies U. may work well. In t.hle case 81.udy all 
values are expreeaed In 11171 prlcee In Auet.rtan Schlllln111. 
••The ordinary aeeumpt.ion wlll be c(t) le • random normally diet.rtbot.ed error t.enn. 
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Table 2. Eslimales of model (4) for five veclors 

Induslry Commodity Energy coefficienl Price elast.icit.y11
• R2 

et (J 

Nonmet.allic Cement. and lime 11.9 (4.0) 

mineral Rest. of out.put., -0.21 (0.09) 0.997 

products incl. bricks 0.13 {1.8) 

Pulp, paper Pulp 4.1 {0.36) 
-0.14 (0.03) 0.999 

Paper 1.8 {0.16) 

Nonferrous Nonferrous metals 
metals (elect.rolyt.ic) 3.15 {0.25) -0.31 (0.12) 0.997 

Qt.her out.put. 0.05 {0.16) 

Chemicals Fertilizers, 
rubber products, 
be.sic chemicals 3.08 (1.01) -0.85 (0.28) 0.980 
RttSt. of out.put 0.60 (0.65) 

Food. Sugar, beer 2.29 (0.41) -O.a3 (0.06) 0.998 
beverages, Rest. of out.put 0.06 (0.09) 

lobacco 

11 Standard errors in parentheses. 

e(t} = i · P(t)~ , (5) 

where i is an aggregated energy intensity in t.he base year. 

Table 3 compares price elast.iclt.ies calculated according lo eqns. (4) and (l), 

respect.ively. A graphical display of fit.led vs. aclual values (Figures 5 and 6) illus­

t.niles t.he explanalory power of t.he model {4); price effects calculated according 

lo eqn. (5) are also shown. 

The int.reduct.ion of product-mix effects into t.he eslimat.ion procedure pro­

duces a decline In price el.ast.iclt.ies of bet.ween Band 481, a remarkable decline In 

t-values, and an increase in .R2-valucs. This has lhe following implicat.lons: 

The hypothesis that changes int.he out.put. slruct.ure of an industry seri­

ously affect. input. coefficients ls confirmed. 

Price changes affect. Input. structures. But. If product-mix Jffects are 

introduced, the price elast.tctt.y of energy demand becomes smaller and 

the explanalory power of prices declines. The microtechnologies (on the 

commodity level) are less energy elastic than the macr,.,lechnologies (on 

the industry level). 
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Table 3. Eslimates of models {4} and {2} for five sectors. 

Industry Price elaslicilies11 

Wilh product mix, fJ R 2 Wilhoul producl mix, fJ 
Nonmetallic 
mineral producls -0.21 (0.09} 
Chemicals -0.85 (0.28} 
Paper -0.14 (0.03} 
Food, beverages, 
tobacco -0.03 (0.06} 
Nonferrous melals -0.31 (0.12} 

11 Standard errors in parenlheses. 
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Figure 5. Aclual and filled palhs of lhe energy coefficient. for t.he nonferrous me­
tals industry. Source: Lager (1983). 

From this, tt. follows that. price changes do not. only affecl iuput. structure 

but. also have an influence on the out.put. profiles of industries. 

One of t.he restrict.ions of t.he whole nnalysis is that. t.he data supply is - even 

on an industry level - limited. In order t.o see how n less rlat.a-int.enstve approach 

(wit.haul taking prices inlo account.} works, t.he same d~t.a were then applied lo 

model (6), in which it. is assumed that. technical progress improves lhe energy efr1-

ciency of lhe industry concerned al a conslanl instantaneous rate >. 
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J'ipre 6. Act-;ial and predicted paths of the eneru CO'lfficient for the food and 
beverages industry. Source: Lager (1983). 

(6) 

Table 4 shows the est.im.at.es of the energy coefficients for the base year and the 

rates of energy savings. 

The very high R 2 indicates the goodness of fit of the rel?"·::ssion. The t­

stat.ici.ics again indicate a high explanatory power of changing out.put. structures. 

The growth rat.es are in general very small except. for the growth rat.as in the 

chemical industries. The estimated role of technical progress in the food, bever­

age and tobacco industry is insignificant.. 

Table 5 compares the estimated energy coeft'icient.s Ce,) from both models (4) 

and (6) with available engineering data, which were found expressed ir" gigajoule 

per ton and were revalued using prices (million AS/1000 tons) ·..o obtain a compar­

able TJ/million As basis. The comparison demonstrates that. most or the estimated 

coefficients lie within technologically measurable bounds. 

The exercise and the findings on the Austrian data lead to the following con­

clusions which have implications on the further procedure and extension of the 

analysis: 



- 26-

Table 4:. Eslirc.ales of model (6) for five seclors. 

Induslry Commodily Energy coefficient. a Rale of R2 
ener~y saving a 

<et> (X) 

Paper Pulp 3.38 (0.29) 
-0.015 (0.002) 0.999 

Paper 2.46 (0.16) 

Food, Sugar, beer 2.16 (0.48) 
beverages, Ot.her out.put. 0.09 (0.1:?) 

-0.004 (0.006) 0.998 

lobacco 

Nonferrous Nonferrous melals 
melals (eleclrolytic) 2.96 (0.32) 

-0.013 (0.005) 0.998 
Ot.her out.pul 0.27 (0.24) 

Nonmet.allic Cement., lime 9.09 (2.18) 
-0.025 (0.003) 0.999 

minf'lral Other 01.!t.put. 2.09 (1.08) 
producls 

Chemicals Basic chemicals, 
fertilizers, 
rubber producls, 3.35 (0.52) 

-0.067 (0.006) 0.996 
Qt.her out.put. 1.26 (0.39) 

a St.andard errors :m parentheses. 

The price model (4) has no more explanalory power t.han t.he t.rend model 

(6). 

Bot.h models (4) and (6) which t.ake product.-mix inlo account. explain t.he 

changes of t.he energy /out.put rat.io belt.er t.han a pure prioe-elast.icit.y 

model (5). 

Energy int.ensit.ies est.imat.ed by regression t.ech::iiques are close lo inten­

sit.ies t.aken from engineering st.udies. 

This encourages t.he general conclusion that. a simple model wit.h lime t.rend 

and explicit. treatment of the product-mix effect. (model 6) is e. reasonable lool lo 

explain the changes of t.he energy /out.put ratios in the most. energy-int.ensive 

brenches; instead of estimating micro-energy int.ensit.ies, engineering dat.a can be 

used. 
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Table 5. Comparison of estimated coefficients with engineering data (both in 
TJ/million AS). 

Commodity Estimated energy coefficients
11 Engineering data 1> 

Model 4 Model 6 

Pulp 4.1 (11.4) 2.4 (11.7} 3.0-4.3 

Paper 1.9 (11.3) 2.5 (15.4) 0.5-2.7 

Cement 11.9 (3.0) 9.1 (4.2) 8.4-12.5 

Lime 9.6-11.7 

Aluminum 5.1-6.3 
(electrolytic) 3.2 (12.6) 3.0 (9.3) 

Other metals 
(electrolytic) 1.0-1.6 

Sugar 2.3 (5.6} 
2.2 (4.5) 2.3 

Beer 9.8 

Basic chemicals 3.1 (3.0) 3.4 (6.4) 

11 t-st.atistics in parentheses. 

1>source: Boustead-Hancock 1979, Alber 1983. 
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L3 TIIIE-SERIKS AND CROSS-SECTION ANALYSIS OF THE llOST 

ENERGY-INTKNSIVE BRANCHES OF THE llANUYACTURING SECTOR 

IN EIGHT DEVELOPED COUNTRIES 

This section describes an at.t.empt. t.o apply t.he product-mix approach 

described in the preceding chapter above t.o t.he most. energy-intensive branches 

of eight. developed countries (Federal Republic of Germany (FRG}, Japan, Austria, 

HUJlRal"Y, United Kingdom (UK}. USA, Italy, ond France}. The analysis was carried 

out. for t.he following branches: 

(1} Iron and st.eel industries (ISIC 371) 

(2} Non-ferrous metal industries (ISIC 372) 

(3} Paper and pulp (ISIC 341} 

(4} Chemical products (ISIC 35 wit.bout. 353,354} 

(5) Non-metallic mineral products (ISIC 36}. 

The following dat.a were used: 

(1) Final energy consumption by industry branches 

For most countries energy dat.a could be obtained from energy balances pub­

lished by count.ry-spectric authorities (Statistical ofrtces (CSO)), ministries, coun­

try economists}. In t.he case of t.he UK energy balances published by ECE were 

used. For t.he USA a somehow mixed approach was used: For iron and st.eel indus­

tries ECE balances were used, while for t.he ct.her branches lime series of final 

energy use were calculated by multiplying base year (1970} ECE dat.a wit.h indices 

of "eneru purchased for heat. and power," delivered by t.he US census of manufac­

tures. As energy use data ori~inat.e from various sources, reclassificat.ion of sec­

t.ors and recalculations t.o a common t.erajoule basis were necessary. In general 

t.hese figures agree wit.h IEA dat.a. 

(2) Total product.ion (gross out.put.} in constant. (1970} USS by industry branches 

For some countries out.puts in constant. prices were made available by CSO's. 

For other countries base year outputs were multiplied wtt.h t.he most. adequate pro­

duct.ion indices.• Out.puts expressed in constant. values of different. currencies 

• Here and lat.er out.put. ticures in constant. pricH calculated on t.he balJis ot product.Ion 
Indices which are compiled by UN, rater t.o indices of value added, and not. shipments. It. 
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were recalculated inlo millions or 1970 USS by applying 1970 exchange rates. 

(3) Total out.pol or certain energy-intensive products in lons 

In order lo discover structural changes nol only between industries, bul also 

wilhin industries, fifteen energy-intensive commodities (Table 6) or each industrial 

seclor were selected. Commodity out.pol in t.ons was supplied by UNIDO (based on 

lhe UN Yearbook of Industrial Statistics, Vol. II). 

(4) Prices and energy •nt.ensit.ies of commodities 

In order lo combine total out.puts or industries wit.h lotal out.puts or commodi­

ties lhe commodity data in lons were valuated by adequate prices or lhe base year 

(1970) (Table 6). For most count.r:-ies world market prices were calculated by using 

average unit values from (1970) foreign trade statistics supplied by UN. For Hun­

gary, where world market prices are nol appropriate, actual Hungarien producer 

prices were applied. 

makes t.hese est.lmat.es biased lf t.he share of lnt.ermediat.e cost.a ls chanctnc over t.1-. We 
found for some count.nee (l'RG, Aaat.rla, USA and USSR) t.bat. Ute difference In 10 years 
cannot. exceed a few percent.ace point.a. 

The lndlcee report.ed by c. Doblln (1984) show Ulat. t.he crowt.b t.renda ror crOllllll product.ion (lrolSB 
value added) have been quit.e similar tn t.he FRG ln t.he past. decade. Thia means t.hat. t.he share of 
int.ermedlat.e Input. has remained st.able for moat. of t.he period, except. for - atpiflcant. chances 
durlnc t.he years of receaalon; t.hese lat.t.er chances may have been due to lnvent.ory account.Ing or 
lmport.s. 
Comparison of product.ton tndexee ln t.he FRG, 1970-31 (index numbers, 1970-100) are as followa: 

a Gross product.ton denot.ea t.urnover excludlnc sales, for movement. of stocks. 

b Net. product.ton denot.ea cr0111111 product.ion exclucttnc t.be value or mat.erlals used; t.hls ls B1m1lar t.o 

t.he German croa value added. 
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Table 6. Prices and energy inlensilies of selecled energy-inlensive pro-
duels. 

Energy Prices 
ISIC int.ensilies in 1970 

Induslry 6-digil Commodities GJ/ton USS/ton 

Sleel 371016 sleel for cast.ings 19 120.-
371019 steel ingols 19 120.-

' Non-ferrous 3720041 primary copper 17 1430.-
metals 3720221 primary 80 600.-

aluminum 
3720431 primary zinc 40 310.-

Non-metallic 369201 quicklime 5 16.-
mineral 369204 cement. 5 18.-
producls 

Pulp and 341110 pulp sulphit.e 20 170.-
paper producls 341113 pulp sulphale 20 130.-

Chemicals 351158 ammonia 41 50.-
351159 caustic soda 12 40.-
351173 calcium 16 90.-

carbide 
351121 methanol 38 70.-
351105 acet.ylene 66 80.-
351201 nitrogenous 10 50.-

fertilizers 

The energy inlensilies (TJ/1000 tons) used are based on various sources- and 

relat.ed values shown in Table 6 give t.he first. overview of lhe importance of a 

clear identificat.ion of various commodit.ies to analyze energy demand by t.hese 

indust.ries. 

Table 7 presenls t.he enerrr output. rat.ios for eight. count.ries and five indus­

t.ries. Due to dat.a const.raint.s for Japan and Hungary a breakdown or baste met.al 

industries into st.eel indust.ries and non-ferrous met.al indust.ries was not. possible; a 

sixth indust.ry showing t.ot.al basic met.al industries' enera coefficient.s was t.here­

fore compiled. From t.hese dat.a shown only for benchmark years 1970, 1975, end 

1980 one finds big differences bet.ween count.ries in energy input within each indus­

lry: the energy coefficient fort.he aggregsted ''basic met.als" indust.ry varies from 

about 50 TJ/mill. US$ t.o 120, i.e., a 2.5 coefficient and for a more homogeneous 

industry "pulp and paper,'' a coefficient. or 2 limes applies t.o t.he USA compared to 

• Boast.e•d-ll•ncock (19'79), Eurost.et. (1982). 
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Table?. Energy coefficients 1970, 1975, 1980, TJ/mill. USS. 

Basic of which Che!ll. Pulp Non-
metals and metallic 

St.eel Non- paper mineral 
ferr. products 

FRG 70 52.1 96.2 22.2 28.4 59.3 58.0 

75 44.1 78.3 21.8 21.8 57.7 47.0 

80 40.7 74.0 24.0 18.9 49.7 40.3 

Austria 70 122.8 192.0 26.6 44.6 90.4 

75 120.0 196.3 24.6 42.5 82.1 

80 101.1 184.0 19.4 45.2 73.1 

Japan 70 51.2 80.1 30.7 59.2 

75 53.3 65.7 30.0 58.8 

80 39.7 52.1 24.8 59.7 

Hungary 70 91.8 55.4 123.4 

75 86.3 55.2 107.0 

80 80.7 42.0 87.4 

UK 70 78.1 105.3 20.9 41.5 94.8 

75 71.7 97.6 28.0 41.7 64.1 

80 51.5 75.3 21.6 30.5 61.2 

France 70 107.3 107.3 107.2 55.1 45.1 109.8 

75 11 O.;\ 110.4 110.0 52.3 41.1 96.0 

80 95.6 94.8 98.4 45.4 36.1 90.1 

USA 71 69.1 87.3 40.1 59.4 53.1 70.9 

75 62.2 77.4 36.1 51.3 45.8 60.5 

80 58.2 77.5 32.7 40.3 40.6 54.4 

Italy 70 60.5 63.1 44.1 57.8 31.5 260.9 

75 60.8 61.1 58.6 43.8 27.3 245.5 

80 50.5 52.8 35.6 27.1 19.6 203.7 

Japan. At. t.he aggregat.ed level one observes significant. decUning t.rends in energy 

coefficients for some count.Mes in all industries (USA) while for at.her cou."lt.ries 

like France or t.he FRG t.hese t.rends elt.her do not. exist. or are rat.her modest.. All 

t.hese different. pat.t.erns of enera demands by industries have been analyzed on 

t.he basis of economet.ric models described above. Of course, st.ruct.ural shlft.s at. 

~he corAmodlt.y level may play a slenificant. role when energy requirements or com­

modit.ies wit.hin an industry like nonferrous metals or chemicals differ by 4-6 t.imes. 

It. is also import.ant. t.o not.e t.hat. ror industries wllh rat.her similar st.ruclures 

(across countries) t.he er.argy coefficient. varies less t.han for more het.eroeeneous 

st.ruct.ures (compare nonferrous met.Ills and paper and pulp enera coefficients). 
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To gel a general overview of lhe possible impact of structural eff eels on 

en-ergy requirements Table 8 shows lhe percent.age share of lhe value of 1970 USS 

of identified most energy-intensive products in lot.al constant price gross output of 

each industrial branch, by country. 

Table&. Percentage of identified energy-intensive onlpul in tot.al onlpnl. 

Steel Non- Besic Non- Chem. Pulp 
ferr. metals metallic ll'llld 

mineral paper 
products 

FRG 70 56.9 14.8 29.5 16.5 1.9 5.7 
75 47.3 18.6 26.7 13.8 1.4 6.6 
80 50.4 16.1 26.3 11.8 1.1 5.4 

Austria 70 92.9 16.8 61.0 31.1 18.6 
75 93.8 15.6 59.0 29.7 15.5 
80 94.5 13.8 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 
80 27.3 18.3 0.7 10.9 

Hungary 70 33.7 23.7 8.4 
75 32.0 25.5 6.4 
80 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 8.7 0.6 
80 35.1 11.3 24.6 8.6 0.3 

France 70 49.8 25.3 45.2 21.1 2.6 7.0 
75 49.0 24.9 44.0 18.5 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 
7~ 28.2 25.0 31.6 6.7 2.3 14.8 
80 26.5 19.3 30.4 7.1 2.2 16.2 

Italy 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 68.9 1.6 0.2 

This t.able shows clearly that lhe share of selected energy-intensive goods in 

total industries' output varies from Industry lo industry. The best sampling ls for 

lhe iron and steel industry, while for chemicals - due t.o the big share of pelr~ 

chemicals - It Is rather low. Of course the big share of Intra-Industry transac­

t.Ions plays an import.ant role In lhe underestimation of lhe share of select.eel 
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commodities in output. In case of the pulp and paper indust.ry the share of pulp is 

very low in the UK where imports take about 801 of pulp use. 

Al this stage of the analysis we note that in almost all countries and indust.ries 

the share of energy-intensive products goes down. ConsequenUy, and also because 

of the increasing use of energy saving technologies, the energy/output ratios also 

decrease. The main differences of industries' energy coefficients between coun­

tries can also be pe.rUy attributed lo varying production structures. The Large 

energy output ralio of basic metal industries in Austria corresponds lo a high per­

centage of energy-intensive products. The same is true for the non-metallic 

minerals industries in Italy. The relatively small energy coefficients in the basic 

metal sector in the 1'RG and in Japan is not only caused by the use of highly effi­

cient. t.echnoiogies, bul it. is also due lo a relatively small share of energy-intensive 

products. 

To quantify the impact of changing production s'i.I"Uctures and lo separate this 

from "other effects'' (technical progress, interfuel substitution effects, unidenti­

fied product-mix effects) a version of model 1 was used. 

The modification of the model is due lo the fact. that we have used energy 

requirements as expressed per ton of each commodity (Table 6). With the notations 

previously used we may write down a regression model: 

(7) 

where 

i index of commodities 

j index of industry 

le index of country 

and parameters to be estimated 

~Iii: a scaling parameter lo be estimated and which may differ li. .>m country 

to country 

>.
1

11: rate of energy-saving technol<>eical progress. 

Of course, If equation (7) lakes Into account. all commodities produced by an 

industry, the only weaknesses of assumptions are that. the energy-saving technical 

progress is on average equal over the commodllies (>.111: ls the same for all commo­

dities). A scaling parameter estimate may reflect some inter-country differences 

in the energy use by an industry, which are due to fuel-mix, differences in capital ' 
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stock age, elc. 

We were aware of the fact that within each industry there are other commodi­

ties which are not considered in the model 9XpliciUy, i.e., a part of output and 

energy inputs is not coverea by the sample of commodities. To identify these t.erms 

we estimated the rest. of an indust.ry out.put and t.he corresponding energy input by 

deducting from the t.olal out.put. the value of commodities covered under the fixed 

prices (see t.able 6). Therefore, t.here appears in t.he model a "commodity" in value 

terms and its base year energy /out.put. ratio. 

Table 9, which shows t.he data and calculations for the nonferrous met.al indus­

tries in the FRG may serve as an must.rat.ion of the method applied t.o all other 

industries and countries: the first. two columns (energy consumption and out.put) 

were available al the industry level. Column 3 shows the energy out.put. ratio which 

gives a first ii'"npression of t.he development. of t.he energy requirement. per unit of 

nonferrous industries' gross out.put. int.he FRG. As emphasized above, the energy 

out.put. ralios of an industrial branch does not. only serve as an indicat.or of techni­

cal progress, but reflects also the changing percent.ages of energy-intensive pro­

ducts in tot.al out.put.. Tot.al out.put. of nonferrous metals is subdivided int.o three 

expl~ciUy identified commodities, namely zinc, aluminum, and copper, and int.o a 

fourth category, "other out.put.," which is calculated as a residual. While "ot.her 

out.put." and copper are relatively less energy-intensive, zinc and especially alumi­

num are highly energy-intensive products. The value share of energy-intensive 

aluminum in t.ot.al out.put. decreases bet.ween 1965 and 1970 from 8.5% to 6.5%. Con­

sequently, and of course also due to efficiency improvements, t.he energy /out.put. 

ratio of the whole branch drops from 31 TJ/mill. of USS to 22 TJ. In the early 

1970s, i.e., from 1970 t.o 1974, t.he energy-intensive products grew fast.er than 

other commodities. The share of zinc and aluminum uew from 6.5% in 1970 to 12: 

in 1974. Consequently t.he energy out.put. rat.lo grew from 22 to almost. 26 TJ per 

million dollars of out.put.. As a result of t.he first oil shock t.he value share of 

energy-intensive zinc and aluminum dropped from 1974 to 1975 from 12% to 10%. 

Again t.he energy output. ratio went. down from 26 t.o 22 T J. In t.he late 1980s a 

growing out.put. share of the most. energy-intensive aluminum made t.he energy out.­

put. rat.lo grow from 22 to 24 TJ. This example of the close relat.ionships bet.ween 

energy inlensily or product.ion (share of enersry-inlensive products) and energy 

oulpul ratio must.rat.es the importance or structural change. 

To separate t.he product-mix effects from energy savings we calculate a time 

series of energy requirements wit.bout. energy saving technical progress by 



Table 9. Calculation of energy/output ratios at constant (micro)energy intensities for the nonferrous metal 
industries in the FRG 

(1) (2) (3)= (4) (5) (6) (7) (B)= (9) (10)= 
(1)/(2) (2) - (7) (9) I (2) 

Value of Energy Energy 
zinc, require- output 

Output Energy 
OutEuts alum., ment at ratio at 

copper con st. constant Energy in mio output zinc al uni. copper 
in mio 

Other 
in TJ 1970 US$ rat.io 1000 t 1000 t 1000 t output 

energy energy 
1970 US$ intens. intensities 

1965 63 764 2970 30.B 107 234 227 49B 1572 49 940 24.1 6.7 
1966 64 555 2083 31.0 123 244 211 486 1596 51 467 24.7 6.3 
1967 61 743 2224 27.8 103 253 171 42B 1795 53 631 24.l 3.7 
1968 65 463 2585 25.3 101 257 22B 512 2073 SB 917 22.B 2.5 
1969 70 062 2B95 24.2 109 263 ~·oo 47B 241B 64 299 22.2 2.0 

I 

ti) 

1970 75 715 3415 22.2 123 309 196 504 2911 75 715 22.2 0 Ul 

1971 80 782 3670 22.0 111 42B 202 580 3090 87 4BO 23.8 -1.R 
1972 B4 297 3~B4 21.2 213 445 199 61B 3317 96 936 24. 3 -3.l 
1973 95 925 3767 25.5 241 533 200 681 3086 100 995 26.B -1.3 
1974 104 214 4093 25.5 250 6B9 220 B06 328B 117 137 2B.6 -3.1 
1975 9B 766 4530 21.B 174 678 26B B44 31B6 119 B74 26.5 -4.7 
1976 104 272 4705 22.2 202 697 289 894 3811 124 706 26.i; -4.3 
1977 110 921 4742 ~3.-l 210 742 :.!B3 915 3827 128 770 27.2 -3.B 
1978 110 980 5075 21.9 214 740 228 836 4239 133 879 26.3 -4.4 
1979 115 198 4680 24.6 211 742 187 778 3902 128 272 :n .4 -2.6 
1980 115 461 4B20 24.0 225 731 186 774 4045 130 032 27.0 -3.0 

Price 1970 (USS/ton) 310 600 1430 

Energy intensity for base 
year (1970) per products: 

GJ/ton 40 BO 17 
GJ/1000 us $ 129 133 12 15 
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multiplying outputs of different commodities with constant energy efficiencies. 

Column 9 {Table 9) shows an energy con~"UDlpt.ion which would occur if there was no 

attempt lo save energy. Column 10 presents a series of energy /output ratios al 

constant energy intensities but varying product-mix shares. The difference 

between column 10 and the actual energy/output ratio (column 3) can be attributed 

lo energy savings, use of more efficient fuels and unknown product-mix effects. 

These "other effects" would make the energy/output ratio declf!ie at an average 

rate of 2.71 per year. As the energy-intensive products tend lo grow fast.er than 

other output, the energy/output ratio declines only with 1.5% per year. 

The results of the regression analysis of energy requirements by means of 

equation (7) seems lo be promisir ., for identifying the role of !lroduct-mix and 

"other effects." 

In Tables 10-12 the results of the analysis for 8 countries and 4 ind•.:istries 

are presented. Table 10 shows th'3 annual growth rate of the energy coefficients, 

while Tables 11 and 12 present a breakdown of these growth rates into growth 

rates of product-mix effects and growth rates due lo "other effects," respectively. 

With a few except.ions product-mix effects in all countries and industries have 

a significant. explanatory influence on changes in the energy out.put ratio. 

Steel Industry 

Al least 25% of the decline of the energy out.put. ratio is found lo be attributed 

lo changing production structures. Each country moves its production structure 

from energy-intensive crude st.eel production lo less energy-intensiva products 

(e.g., special steel, finished rolled products). Nevertheless there is a significant 

movement towards less energy-intensive processes. 

As shown in Table 13, remarkable changes in the product.ion of steel produced 

by different processes were noted during the 1970s. In almost. all countries a sig­

nificant shift from the inefficient. open hearth lo more efficient. processes (oxygen, 

electric arc) contributed significant.Ly lo the decline of energy requirements per 

unit. of output.. Especially France and the UK, which used in 1970 a high percen­

t.age of less efficient. technologies, could improve their process structures. While 

France shifted permanently from the open hearth lo oxygen furnaces, the UK 

increased its oxygen as well as its electric arc capacity. Also the FRG, the USA, 

and Italy were able lo restructure their process mix and consequent.Ly improve 

their energy efficiencies. As Japan used already in 1970 a small percent.age of 

less efficient open hearth technologies, the structural improvements of lot.al st.eel 
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Table 10. Average annual percent.age rat.e of change of energy coefficient.s (t-
value in parent.heses). 

Basic ofwhi.ch Build. Chemicals. Pulp and 

Period Metals St.eel Non-f e!'"r. mat.erials paper 

FRG {1965-80) -2.6 -2.5 -1.5 -4.3 -5.6 -1.0 
(9.3) {7.8) {2.8) (24.3) (17.2) (3.8) 

Aust.ria (1965-80) -2.0 -0.7 -3.8 -2.9 -0.8 
(9.4) {4.8) {9.3) ~16.2) (1.7) 

Japan {1970-80) -2.8 +0.9 -4.0 -2.5 
(4.6) {2.5) (10.1) (5.1) 

Hungary (1970-80) -1.3 -4.0 -0.7 
{14) {9) {0.7) 

UK {1970-81) -3.4 -3.0 -0.3 -3.2 -3.9 
(6.6) {7.4) {0.2) {4.6) (5.7) 

France (1970-81) -1.2 -1.3 -0.8 -1.9 -1.5 -1.4 
(4.9) {4.8) {3.2) (8.3) (5.4) (6.1) 

USA {1971-80) -2.1 -1.7 -2.1. -2.7 -3.6 -3.1 
(3.8) {2.6) {3.1) (14.6) (5.6) {9.4) 

Italy {1970-81) -1.5 -1.5 -2.2 -2.6 8.2 -4.2 
(3.9) (4.3) {1.3) {5.0) (12.2) {8.4) 

product.ion were comparatively smaller t.han in t.he ot.her countries. Japan merely 

shifted from oxygen t.o elect.ric arc st.eel product.ion. On t.he ot.her hand, electric 

arc st.eel requires more energy at. t.he st.age of crude st.eel product.ion (-7 GJ/t.) 

t.han basic oxygen furnaces {-1 GJ/t.). On the other hand, electric arc furnaces 

use scraps as input, while oxygen furnaces rely on a high share of energy­

int.ensive pig iron (22 GJ/t.). Therefore, though Japan's energy consumption in steel 

product.ion per t.on or st.eel grew from 1.75 GJ in 1970 t.o 2.12 GJ in 1980, its t.ot.al 

energy rftQlJirement. per unit. of output of iron and st.eel industries declined in t.hat 

period. 

However, t.he average annual rat.es of increase of energy efficiencies in pig 

iron product.ion and steel product.ion, respect.ively presented in Table 13, indicate 

t.hat. t.here was a global improvement. of energy efficiencies in t.he iron and st.eel 

industries bet.ween one and t.wo percent. per year. The results coincide wit.h t.he 

econometric estimates presented in Table 12. 
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Table 11. Conlribulion of {identified) producl-mi: effecls: average annual per-
cent.age raLe of change of energy-inlensive produclion Ct-value in parenlheses). 

Basic of which Bt&ild. Chemicals. Pulp and 

Period Melals Sleel Non-ferr. malerials paper 

FRG {1965-BO) -1.3 -1.3 +1.2 -2.6 -1.8 -0.1 
(4) {3.7) {4.0) {25.9) {16) {1.3) 

Auslria {1965-80) -1.3 -0.0 -4.1 -1.0 -0.6 
{8.9) (0.9) (10.0) (9.5) (4.1) 

Japan (1970-80) -1.9 +1.9 -0.4 0.0 
{6.3) \7.7) {10.7) (0) 

Hungary (1970-80) -1.9 0.0 -0.9 
(2.4) (0.5) (2.9) 

UK (1970-81) -0.8 -0.5 +2.4 -0.2 -0.1 
(2.4) (2.3) (9.3) (3.5) (5.5) 

France (1970-81) -0.3 -0.3 -0.2 -0.6 -0.7 -0.2 
(10.3) (10.2) (4.5) (7.6) (4.7) (4.3) 

USA (1971-80) -0.3 -0.1 +0.3 -0.1 -0.3 -0.1 
(2.7) (0.4) (1.9) (1.3) (1.3) (0.5) 

Italy (1970-81) 0 -0.1 +1.0 +0.1 -1.4 -0.1 
(0.1) ((0.5) (5.4) (1.3) (20.4) (5.1) 

Non-Ferrous Metals 

While in mosl olher mduslrial branches a signlficanl lrends towards less 

energy-inlensive producls was observed, Int.he non-ferrous metals lndust.ries of at. 

leasl four (FRG, UK, USA, and lt.aly) oul of six co1lJllries a movement towards more 

energy-tnt.ensive commodities ts seen in Table 11. Hence, because t.he overall 

energy coefficient decreases In these countries (see Table 10), the average rale 

of lhe energy saving lechntcal progress ts found in Table 12 lo be larger in t.hese 

count.ries than the growt.h rate of the energy coefficients Itself. Auslria, Japan, 

France, and t.he USA shift from energy-lnt.ensive primary aluminum product.ion lo 

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

cially lhe UK increased their primary aluminum capacity. 
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Table 12. Contribution oI energy saving technical progress and other effects (in-
t.erfuel substitution, hidden product-mix effects); avera~e annual percentage (t-
value in parentheses). 

Basic of which Build. Chemicals. Pulp and 

Period Met.a.ls St.eel Non-ferr. materials paper 

FRG (1965-80) -1.3 -1.2 -2.7 -1.8 -3.8 -0.9 
(i '7) (11) (6.9) (12.8) (14) (3.8) 

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

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

Hungary (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 
(B.4) (8.7) (2.5) (4.6) (5.7) 

France (1970-81) -·0.9 -1.0 -0.6 -1.3 -0.8 -1.3 
(3.7) (3.8) (2.4) (6.4) (3.6) (J.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 (rn70-81} -1.5 -1.4 -3.1 -2.7 -6.8 -4.1 
(3.9) (3.6) (1.7) (5.3) (9.5} (8.2} 

Building Materials 

While in all other countries the energy output. ratios decreased, increased 

Japan on acr.~-:ml of a considerat:.le growth of cemen!. production. Therefore signi­

ficant. trend towards energy savings was found in all countries, including Japan 

after eliminating the product-mix effects (see Table 12). Tte overall annual per­

cent.age change of "other effects" (energy savings, etc.) is around 21. 

Chemicals 

The chemical industry is one of the most. heterogeneous industries. Unfor­

tunately no detailed data on energy inputs were found and therefore a breakdown 

into diffsrent. branches was not. possible. In order lo capture al least. some of the 

considerable shifts in production structures of the chemical industries, some 

energy-intensive products were identified. Therefore, especially in the chemical 



Table 13. Pig iron and steel production by process and country 

Energy intensities of 

Blast furnaces Steel works 

GJ/ton annual GJ/ton annual 
pig iron percentage steel percentage 

chan9e change 

USA 1970 
1981 not available 

USSR 1970 22.18 
-0.3 

3.82 
-1.8 

1980 21.63 3.19 

JAPAN 1970 19.13 
-1.2 

1. 75 
+1.9 

1980 17.00 2.12 

FRG 1970 24.94 
-2.7 

2.48 
-2.1 

1980 19.06 2.02 

FRANCE 1970 28.19 
-1.4 

2.47 
-1.9 

1980 24.56 2.04 

UK 1970 24.75 
-0.3 

5.11 
-4.2 

1979 24.05 3.49 

ITALY 1970 18.41 
-0.7 

4.11 
-0.3 

1980 17.23 4.00 

Source: ECE, Strategy for Energy Use in the Iron and Steel Industries; 

Crude steel production uy type of 
furnace (percentage of total crude steel 
production) 

Oxygen Electric Open hearth 
arc 

48.2 15.3 36.5 
60.5 27.9 11.6 

18.99 4. 77 76.24 
31. 25 5.86 62.89 

79.2 16.7 4.1 
75.7 24.4 

55.8 9.9 34.3 
78.4 14.n 6.7 

29.4 9.9 60.7 
83.l 14.6 2.3 

32.l 19.5 48.3 
60.1 34.4 5.5 

30.8 39.7 29.5 
45.3 53.0 1. 7 

American Iron and Steel Insti·cute, Annual Statistical Report 1983. 

I ... 
0 
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industry, a considerable part of energy-relevant shifts of the production struc­

ture could not be identified. and is left tot.he "ct.her effects." Yet, even in a limited 

commodity sample, significant st.ru.:tural changes towards less energy-intensive 

products were found. 

Paper and Pulp 

Compared to ct.her industries just a weak shift. from energy-intensive pulp to 

relatively less energy-intensive paper and paper products was found. 

Conclnsions 

Looking at the structural changes in Table 9 for st.eel processes and Table 11 

for product-mix, two alternative interpretations suggest themselves, for policy 

purpose: The shift in output-mix towards less energy-intensive commodities can be 

thought to be permanent, i.e., related to a long-t.erm move, or temporary, i.e., due 

to a cyclical slow-down of t.he economy. The importance of this issue cannot. be 

underestimated, since a pennanenL shift. of industrialized economies towards less­

int.ensive commodities would strongly affect. the international division of labor. 

Unfortunately no general answer can be given at this st.age in an analysis res­

tricted to the 1970s (the picture will be much clearer when the recession is over), 

but. the report. already offers a few interesting conclusions. In some cases, e.g., 

for non-ferrous metals in the Federal Republic of Germany, some qualit.at.ive evi­

dence of temporary changas is found. The case of Iron and St.eel, which is quanti­

fied in the study for seven countries, is yet of a different. type. A permanent. shift 

towards less-intensive processes, which can be assimilated to a long-term technical 

progress suggests that. Utt.le ground, if any, is prepared in t.he seven developed 

countries for a new international division or labor in st.eel. 
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L-i STRUCTURAL SHin'S IN BASIC MATERIALS INDUSTRIES OVER REGIONS 

The UNIDO data base provides an opportunity to build a consistent sel of lime 

series of gross out.put. by industries in constant 1970 prices (with some deficiencies 

menlioned above) and main energy-intensive commodilies for which reliable esli­

males of energy requiremenls have been compiled for various countries {a lisl of 

induslries and commodilies as well as energy inlensit.ies by producls are given 

above in Chapter 1.3, Table 6. The coverage of regions by counlry data is given in 

Appendix 1.1). 

Here, we faced t.he problem of missing data: dat.a for t.he years 1970-1980 

were some t.imes missing or t.here were o"lly data in currenl prices or only indices 

of rat.es of growth, but. wilhoul values for any year. Some regions are covered 

much bett.er in t.his respecl lhan olhers. In lhe firsl set of regions, i.e., where 

almosl all data are available, there are Regions 1 (North America}, 2 (Weslern 

Europe), 4 (Japan), and 8 (Indian Sub-Cont.inenl). Some simple adJust.menls were 

performed t.o cover socialisl European countries {Region 3) as for some of them 

(Hungary. Czechoslovakia, Poland) all data were available and for ot.hers rates of 

growth were reported (USSR, GDR, Romania, Bulgaria); the induslrial gross out.put. 

values for 1970 were taken from the input-out.pol dat.a available al IIASA, except 

for Romania. According t.o the number of countries put into our sample., Region 6 

(Lat.in America) was bet.t.er covered t.han Region 7 (Sub-Saharan Africa). The 

disaggregation of values reported by UNIDO data base (if there are known aggre­

gates) was done on lhe basis of any information available for other years (value 

added, employment) or applying average shares of sub-industries derived from 

ot.her countries' data. If no quant.it.at.ive information was available, we assumed 

equal weighls for sub-induslries for each aggregated one. This procedure was 

applied only lo few countries, mainly some Asian and African countries. 

To t.est. t.he usefulness of t.his procedure our aggregates were compared with 

data from ot.her sources, such as UN, FAD, ECE publications, US Bureau of Mines, 

Metals St.at.ist.ics, et.c. Commodity product.ion volumes are well covered for every 

region for iron and st.eel, aluminum, copper, pulp, fertilizers, et.c., while for some 

chemical producls t.he sit.uat.ion is not. satisfactory. 

Aft.er this general information on t.he procedure, it. ls worthwhile considering 

lhe impact. of sampling on t.he world product.Ion as a whole {Table 14).• One can see 

• It. 111 r•levant. t.o not.e t.hat. t.he sample does not. differ from cormnodlt.y t.o commodlt.y, t.e., 
t.he same set. of count.rles ls used for evn']I commodlt.y. 
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from this table that the balk of production of energy-intensive products listed is 

covered within the framework of lbe study. Only for three commodities (acetylene, 

quicklime, and crude steel for casting) our sample covers less lhen 90% of the 

world production. 

Table 14:. Effect of sampling on the representation of the t.ot.al world production 
by conunodlties for the year 1975. 

Commodity 1978 production, million t.ons Share 

('000 tons) ISIC Our sample World t.otal * (I/II) 
Titles codes (I} (II) 

Woodpulp, sulphite 341110 55454 !55649 99.7 
&soda 

Woodpulp, sulphate 341113 11926 11L44 100.6 

Acetyline 351105 773 895 86.4 

Met.hanol 351121 6557 6627 98.9 

Ammonia 351158 36971 36612 101.0 

Caustic soda 351159 25578 26007 98.3 

Caustic carbide 351173 6354 4605*- 138** 

Nit.rogenous 351201 40003 41141 97.2 
f ert.ilizers 

Quicklime 369201 98671 111640 88.4 

Cement. 369204 685058 696075 98.4 

Crude st.eel 371016 15246 16958 89.0 
for cast.ings 

Crude st.eel, 371019 622103 637738 97.5 
ingots 

Copper, refined, 3720041 7643 7610 100.3 
unwrought. 

Aluminum, 3720221 11794 12016 98.2 
unwrought 

Zinc, unwi·ought 3720431 4584 4888 93.8 

* Data source: UN Yearbook on Industrial St.at.ist.lcs, Vol. 2, Commodit.y Product.ion 
Data, N.Y., UN, 1981. 

** For ISIC 351173 the difference is explained by t.he fact. t.hat. for 1975 t.he dat.a 
were not repored for t.he USSR int.he UN Yearbook, while t.hey are reported for 
1970 and 1976. 
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To give an overview of the shares of differenl regions in the world produclion 

of lhe seiect.ed energy-inlensive goods lhe data (in percent.age} are shown in 

Appendix l.2. From lhese data and lhe growlh of goods produced in developed 

countries (Table 15} it follows lhat despile lhe fasl growlh of lhe manufacluring 

seclor in many developing counlries the shares of selecled energy-inlensive com­

modilies were slill low in the 1970s. For example the Wesl Asia-North Africa, 

Indian Sub-Conlinenl, and East and Sout.h-East. Asia all logelher do not exceed 1% of 

lhe wood pulp (sulphite and soda} produclion, Sub-Saharan Africa's produclion of 

cement is less lhan U of the world volume of produclion. Sleel figures in that. 

regions are less than 0.11 of world out.put and in lhe Wesl Asia-North Africa 0.21. 

Structural changes i.n the regional location of energy-intensive products 

differ among commodities, bul in general it follows from the dala (Appendix l.2} 

that. most of the developing counlries increased their shares in the product.icn of 

energy-intensive goods. For example, in wood pulp product.ion (ISIC 341110} 

Region 6 (Lat.in America} constitutes now 5.5%, while in 1970 it was less than 21. 

Acetylene produclion (ISIC 351105} in lhis region increased from 1.2% lo al.mosl 7%, 

for methanol (ISlC 351127} from 0.3% lo 2%. For basic chemical products changes 

are also clear - Japan's share decreased for ammonia (ISIC 351156} from 3.4% lo 

0.2%. while Lat.in America's share doubled from 2.4% to 51, for causlic soda (ISIC 

351159} Easl and Soulh-Easl Asia and Lalin America increased their shares almosl 

t.\·10 limes, for caustic carbide (ISIC 351173} CPE. Asia's share increased more than 

three limes and Lalin America's share two limes. One of lhe lradilional products -

cemenl (ISIC 369204} shows a similar pattern - all developed regions (1-5} have 

decreased their share, while the share of developing regions, such as CPE, Asia, 

Lalin America, East and South-Easl Asia, and the Wesl Asia-North Africa almost 

doubled. Now the share of cement. production is 91 in North America, 101 in Japan, 

B.41 in Lat.in America, 101 in CPE, Asia, and more than 41 in Easl and South-East. 

Asia and West. Asia-North Africa (edch). 

Less significant. changes happened in sleel product.ion (ISIC 371019) where 

only East. and South-East. Asia showed a Jump from 0.1% lo almosl 1%, while other 

developing regi<.. .. ;; increased their shares at. a modest. rate (Lat.in America from 

2.251 lo 3.21, CPE. Asia from 1l lo 5.U). Regional specia.lizalion in non-ferrous 

melal product.ion {within t.he framework of this study) shows that. only CPE, Asia 

increased significantly {by t.wo times} its share in copper and aluminum, while t.he 

shift. in aluminum product.ion loward Lat.in America (Brazil) and t.he "Other 

developed" regions (Australia, New Zealand and South Africa) is a new 

, 
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Table J ~. Production Figures for the Energy-Intensive 
Commoctities by Developed Regions 

1970 1973 1978 1980 1981 1982 

351158 Ammonia 

North America 11. 3 12.3 15.2 17. 3 16.8 
Western Europe 8.83 10.96 13.3 10.6 7.8 
Japan .90 .54 • 13 .12 • 10 

351159 Caustic Soda 

North America 10. 1 10.7 10.8 12.6 11. 2 
Western Europe 5.43 7.18 7.0 7.03 6.5u 
Japan 2.61 3. 14 2.70 3.06 2.79 

351173 Caustic Carbicte 

North America • 712 .263 .236 .235 . 234 
Western Europe 2.26 1. 34 .908 .8H1 .680 
Japan 1.25 .58 .56 .55 .50 

351201 Uitro2. Fertilizers 

North America 8.22 9.34 11.08 12.9 13.5 
Western Europe 6.47 7.09 8.48 10.2 10. 0 
Japan 1.82 2.13 1.61 1.62 1. q3 

369204 Cement 

North America 74.9 87.6 88.6 7S.9 76.3 
Western Europe 181 208 216 217 220 
Japan 57.2 78.1 84.9 88.0 84.8 

371019 Steel 

North America 130. 3 150.0 139.0 117. 1 124.3 
Western Europe 153.2 169.8 153.7 148.3 1LJ5.3 
Japan 91. 9 117.8 101 • 1 110.2 100.5 

3720041 coeeer 
North America 2.06 2. 17 1. 86 1. 89 1. 99 
Western Europe .92 1.06 1. 20 1. 21 1. 11 
Japan • 61 .87 • 91 .96 .98 

3720221 Aluminum 

North America U.57 5.03 5.40 5.72 5.60 
Western Europe i. 92 2.77 .L41 3. -, 3 3.68 
Japan .75 1 • 10 1.06 1.10 .78 

3720431 Zinc 

North America 1. 21 1. 06 0.90 0.93 .96 
western Europe 1. 2LJ 1. q3 1. 57 1. 67 1. 69 
Japan .66 .83 .74 .70 .63 
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phenomenon.• which must be taken into account in forecasting. The data presented 

in Table 15 also show lhe stagnation in lhe production of energy-intensive commo­

dities in developed regions. Recent observations in metal production gives us 

further strong signals to assume a stagnation of lhe production of metals in 

developed countries. 

The year 1983 was lhe fourth successive year for lhe aluminum production in 

the Western World t.o go down. Capacities in the North continue t.o shut down, while 

an increase of production is observed in Sub-Sahar-a.!l Africa and the "Other 

developed" region and in Lat.in America. This might extend t.o lhe future allocation 

of primary aluminum production. 

Production of refined copper stays almost al a constant level in recent years 

and shares of different regions are also stable. 

With zinc lhere is a further decline in production, in addition t.o lhe decrea•;e 

in North America, Western Europe, and Japan, while a continuous growth is 

observed for Latin America and Sub-Saharan Africa. 

A general overview of lhe situation in lhe Western World l!lelal consumption is 

given in Appendix 1.3, which shows a significant slowdown in metal demand in the 

last decades. 

•There are ellt.tmat.n t..hat.. In t..he lat..e 1180• J'apen will produce only 30 t..houaand t..ona com­
pared wlt..h 1.1 mllllou t..ona In t..he Ur70a and 350 t.."-nd t..one In 1982. 
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L5 COJIPILA.TION OF ENERGY 'OUTPUT RATIOS BY INDUSTRlES AND 

REGIONS 

In Chapler 1.3 changes in the energy /oulpul ralios were analyzed for eighl 

developed countries and subdivided inlo product-mix effecls within industries and 

inlo other effecls {energy savings, hidden shift.> in the production structures, 

et.c.). In this chapter an attempl is made to apply to world re~ions the methods 

which were tesled previously. 

The analysis of energy /output relationships of certain industries on a global 

level is limited by data reslrict.ions. ror most develooing and centrally planned 

countries energy use t>y industrial branches is nol available. Therefore we had lo 

choose a somewhal differenl approach in the global analysis. 

The method is based on two hypc-..heses: 

The energy intensity of a specific commodity or a homogeneous group of 

commodities does not differ very much bet.ween countries (best practice 

prevails); 

Energy saving technological pr~ress grows with a conslanl exponential 

growth rate, which differs from industry lo industry, bul is equal among 

countries. 

This means that differences in energy intensities between countries al an 

aggregated level are caused by different production structures. It also implies 

that changes in the product-mix over the years will yield different countries' pat.­

terns of energy coefrtcienls over lime. 

It is clear t.hat bot.h hypotheses do not hold in confront.at.ion wit.h reality: the 

energy output. rat.to in steel industries in Poland or Bulgaria ls much higher than It. 

is for Japan or Italy. Technical progress embodied in new installations Is much 

higher In countries wilh growing capacities t.han In countries wllh old planls. 

Therefore lhe resulls of lhe analysis using arttficial data is in fact. meant. lo 

detecting relevant. differences in production structures among world regions. 

On the other hand, if we compare developed regions wit.h developing regions, 

t.he differences as well as t.he different. changes of product.ton structures are an 

import.ant. and considerable faclor in energy analysts 
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The dala requirement of lhis analysis is as follows: 

Commodity production in lons. Time series on lhe production of selected 

(see Table 6) commodities by country were supplied by lhe UNIDO dala 

base on lape which covers more countries lhan lhe UN Yearbook of 

Industrial Slalislics, Vol. II. 

Time series of production indices as well as base year (1970) values for 

gross out.put were also supplied by lhe same source, which covers many 

countries as well, when compared with lhe UN Yearbook of Industrial 

Slalislics, Vol., I. 

Exchange rat.es of 1970 were used lo obtain lolal product.ion in USS. The 

industries used for lhis analysis are lhe same as reported in lhe produc­

tion of basic inlermediale goods (Table 6). 

The approach used for lhe global analysis is in some sense similar lo lhe 

melhou used before. Bul instead of estimating technical progress from actual 

energy data, energy coefficients wilhoul technical progress were compiled first 

and lhe average energy saving ratios al lhe level of subinduslries were applied. 

At. rirsl lhe production indices for each country were multiplied wilh t.he base year 

(1970) values for gross out.put lo obtain lime series in constant. price outputs. Wilh 

lhe deficiencies of lhis method discussed above these lime-series are lrealed as 

oulpul values, later aggregated inlo 11 regions. 

Energy requirements of selected products were compiled by multiplying series 

of commodity product.ion in lons wilh commodity-specific intensities (see Table 6). 

The production value of lhe selected commodities was found in a similar way, multi­

plying production in lons by commodity prices in 1970 dollars. 

The eslimalion of bolh lhe oulpul value of t.he resl of commodities and its 

energy requirements is similar lo t.hal described in Chapter 1.4. The nol-idenlifled 

residual output by industries was calculated by subtracting identl!ied commodity 

output from lolal out.puts. Adding up energy consumption of commodities produced 

in the respecltve industry and residual out.puts multiplied by average energy out­

put ratios for residual oulput.s, calculated by industries and countries in lhe pre­

vious sect.ion, gives lolal energy requirements al conslanl micro-energy intensi­

ties. Applying average annual growth ratas est.imaled in t.he previous sect.ion 

yields arltricial energy consumption. 

The flowchart (Figure 7) gives a graphical display of the types described 

above and :nay illuslrale t.he calculation procedure. 
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Figure 7. Procedures applied t.o construct. a data set. of energy int.ensit.y analysis. 

Aft.er aggregating the energy requirements of the basic products sector as a 

whole we made a short-cut. test of t.he reliability of bot.h energy balances data for 

select.eel developing countries and t.he procedure applied (when average energy 

int.ensilies are t.aken equal t.o any country). This was done country by country for 

t.hose which provide t.ime-series dat.a on energy consumption in t.he industrial sec­

tor (see Appendix I.4). In general t.he growth or energy used by t.he industrial sec­

tor does not. contradict. the dat.a on the growt.h or the industrial sect.or and the 

relative importance of t.he basic materials sect.or in an economy. For example, in 

Indonesia t.he seemingly st.range behavior of energy input. bet.ween 1970 and 1975 

(see Appendiz: 1.4) corresponds t.o fluct.uat.ions in the pI"oduct.ion or ammonia, nit.ro­

geneous fertilizers, cement.. This also proves the usefulness of t.he approach in 

studying t.he relevance or data on energy Jnpuls by simple econometric t:,echniques. 
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L6 AHAL Y5IS OY REGION ,1.. ENERGY INTENSITIES BY SECTORS 

Table 16 presents t.he energy coefficients by indust.ry and region at "canst.ant. 

micro-energy int.ensit.ies" i.e., when energy int.enslt.ies are subject. t.o changing 

product.ion st.ruct.ures in which t.echnical progress ls omit.t.ed. Pure product-mix 

effects are analyzed. 

Table 16. Energy coefficients at. canst.ant. micro-energy int.enslties, (pure 
product.-mix effect.) (TJ/million 1970 USS). 

Chem. Non- Non-met.. Paper St.eel 
ferrous mineral 

Region Year metals products 

North 1970 68 44 98 54 102 
America 1981 63 45 91 54 102 

West.em 1970 64 40 129 48 98 
Europe 1981 57 45 130 46 93 

East.em 1970 72 35 208 49 114 
Europe 1981 67 34 186 47 118 

Japan 1970 56 40 121 47 116 
1981 49 36 123 46 108 

Other 1970 51 41 111 45 112 
developed 1981 47 51 113 45 111 
count.ries 

Lat.in 1970 76 30 152 44 111 
America 1981 95 36 142 53 96 

Sub-Sahanm 1970 47 26 204 56 
Africa 1981 50 25 200 66 

West Asia- 1970 76 32 189 40 67 
North Africa 1981 120 153 172 39 74 

Indian 1970 57 62 187 37 104 
Sub-Cont.inent 1981 56 64 175 42 107 

East & 1970 103 42 190 37 67 
S-E Asia 1981 82 32 190 38 69 

Two compet.ing but nol cont.radict.ory hypotheses will be compared: 
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"Resource endowment" hypothesis: 

Regions with relatively high resource endowment (energy in general, gas 

and oil in particular, ores, wood) tend towards highly energy-intensive 

basic products (petrochemicals, basic metals, wood pulp, etc.) 

'1ndustrialization strategy" hypothesis: 

Fastiy industrializing regions lend towards enerP.Y-inlensive basic pro­

ducts, while industrialized regions increase their share of less energy­

intensive (high value added) finished and semifinished products. 

In general North America (NA), West.em Europe (WE), Eastern Europe (EW), 

Japan (JP), and t.he "Other developed" region (OD) are considered as already 

industrialized, while Lat.in America (LA), Sub-Saharan Africa {TA), West. Asia-North 

Africa (NE), the Indian Sub-Continent. {IN), and East. and South-East. Asia (AS) are 

considered as developing regions, with LA, IN and AS forcing more or Less their 

industrialization pace. 

Indeed, decreasing energy intensities (Table 16) in most. industries indicate 

t.hat in industrialized regions there is a tendency towards less energy-intensive 

product.ion structures. 

The picture for developing countries is not so clear. While LA, TA, NE, and IN 

have (with the exception oft.he non-metallic mineral branch) in most. cases increas­

ing energy intensities or tendencies towards industrialization, AS shows especially 

in the chemical and non-ferrous metals branch an industrialized profile. In t.he 

following t.he analysis is carried out. by industrial sect.ors and regions. 

The Chemical Industry 

As mentioned above, t.he chemical industry is one of t.he most. bet.ero­

genous branches and a considerable part. of energy-intensive product.ion 

might. not. have been identified with our approach. Therefore the results of 

t.he analysis with respect t.o t.he chemical industry are limited. 

In almost. all industrialized regions we obtain a decline of energy coeffi­

cl ents at.t.ribut.able t.o a decreasing share of identified (Table 6) energy inten­

sive chemicals. Especially NA and JP tend t.o energy-extensive high value 

added products. Japan decreased its share of basic industrial chemical pro­

duct.ion (ISIC 351) in tot.al chemical industries out.put. (ISIC 351, 352) from 65% 

in 1970 t.o 50% in 1981. In Wf. energy-intensive out.puts decreased, or they 

increased less than tot.al chemical industries out.put.. The share of energy-
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intensive oil or gas based chemicals (ammonia, nitrogenous fertilizers, 

acethylene) decreased in total outpul of lhe chemical industry. 

In LA, TA, and NE new capacities of energy-intensive basic chemicals 

increased lhe average energy efficiency. Especially NE may serve as an 

excellent example of the"resource endowment" hypothesis: Because of a 

large supply of oil and gas, energy-intensive petrochemi.:als increased 

rapidly. The product.ion of nitrogenous fertilizers grew from 250,000 tons in 

1970 to 1.2 million tons in 1981. 

As LA has more crude oil and gas endowed countries (Venezuela, Mexico, 

Colombia, Brazil, Argentina) than TA (Nigeria), LA moves much fast.er int.'l 

energy-intensive chemicals than TA, which again supports the "resource 

endowment." theory. IN is characterized by a relatively stable energy output. 

ralio. The energy intensities in AS show a serious decrease from 101.5 to 81.8 

TJ per million of USS of chemical industt-y out.put.. This decrease c:ln be 

explained by a comparably small growth of energy-intensive products 

(ammonia, nitrogenous fertilizers, caustic soda) compared to a high growth of 

total chemical out.put. But. at that. point the ~·.eakness of the approach applied 

to the heterogeneous chemical industry is to b~ mentioned again: Just 3% of 

total chemical industries' out.put. in East.- and South-East Asia could be identi­

fied. For the residual out.put. 97% a. constant. energy /out.put. rat.to was applied. 

Therefore structural changes in 97% of out.put. are omitted. 

Non-Ferrous Metals 

The non-ferrous metals sector is less heterogeneous compared t0 the 

chemical industry. Subdivisions bet.ween primary, unwrought non-ferrous 

metal:;, secondary non-ferrous metals and semifinished products allows for a 

sufficient. explanation. For NA, two mutually exclusive phenomena, a growth 

of the mosl energy-intensive aluminum product.ion cm the or.e hand, compared 

with a decline of zinc and copper production and a shift. from primary alumi­

num to secondary aluminum (recovery of scr-.J.p) on the other, causes a can­

st.ant ener!:;y intensity for the whole branch. 

In the period 1970 to '.i.977 the J?.par.ese energy out.pol ratio remziined 

relatively canst.ant. Art.er 1977 /78 it started to decline, due to a remarkable 

increase in the share of aluminum waste recovery in total aluminum produc­

tion (45% for 1970 to 1977 compared to 75% after 1978). The energy intensi­

ties in OD and in LA are characterized by an increase in primary aluminull'. 
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production in Australia and South Africa as well as in Argentina, Brazil, and 

Venezuela. Sub-Saharan Africa's aluminum and zinc product.ion is st.able while 

its copper production declines Th"' !.'nonnous jump in the energy output ratio 

in NE is caused by new primary capacit.ies (aluminum in Egypt. and zinc in 

Algeria). The high coefficient is caused by a comparatively large share of 

primary metals unwrought in total output of nonforrous metals industry. 

Indian Sub-Continent increased its aluminum capacity in 1974/75. Comparable 

t.o JP, AS (Korea, Taiwan) is char 3cterized by a growing share of scrap 

re..::overy. While in 1972 the share of secondary aluminum lo total aluminum 

production was 10'1, it increased up t.o 1981 by more than 50'1. 

Non-lletallic .lliineral Products Industry (NMPO 

Compared t.o al! ot.her branches, NMPI shows a complementary picture: 

Slightly increasing energy intensities in the North (in 2 of 5 regions) com­

pared t.o dccre.asing figures in t.he South. On th'3 other hand, the energy 

int.ensit.ies of NMPI are st.ill much Larger in developing countries. The main 

difference bet.ween NMP! and the other basic product. industries is that. t.he 

most energy-intensive part of NMPI (building materials) are not. as t.radeable 

int.ernat.ionally as ct.her products. 

Therefore developing countries developed their enereY-int.ensive bui.ld­

ing material capacities (cement., lime) earlier than their china, earthenware 

and glass product.ton, so that in the late 1980s the South forced its Less 

energy-intensive production more than its building materials capacities. 

Pulp. Paper and Paper Products (PPP) 

The main pulp production regions are NA and WE. While NA contributed 

(between 197G and 1981) at a constant share of 57% t.o total world production, 

WE decraased its share from 21: lo 18'1. At the same time LA increased its 

cor;tribut.ion t.o world pulp ">roducticn from 1'1 t.o 4'1. Consequent.Ly the energy 

intensities of PPP decreased in WE and increased in LA. 

Bame Ferrous llet.als (BFJI) 

With two except.ions (EE and LA) the st.eel industry shows the expected 

picture: Tncreasin2 energy intensities in the Sou.th and decreasing coefrt­

cient.s in the North. While in EE crude st.eel product.ion and t.olal out.put of the 

BFM-seclor grew .;imult.aneously, in LA t.he product.ion of finished and semi-
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finished products (plates, sheets, wire rods) exceeded the growth of crude 

steel product.ion. Consequently there is a drop of energy efficiencies of the 

whole sector in LA. 

To sum up, developed regions are characterized by a shift towards less 

energy-intensive (high value-added) products, while in develop'.ng regions the 

opposite rule prevails. The reason for this complementary picture is lo be 

explained by the differing status of resource enc::>wment (e.g., petrochemical 

industry prevails in NE and pulp product.ion in LA, respectively) as well as by 

differing st.ages of industrialization. Whether this fast. growth of the primary pro­

cessing industries in the South will continue or not. depends on phenomena which 

are not analyzed within that. study (changing prices for primary energy carriers, 

financial constraints int.he South affecting industrialization policies, etc.). 

Basic Sect.or as a Whole 

The final part of the analysis concentrates on t.he overall impact of structural 

changes and technical progress on t.he basic proclucts sector as a. whole. Two dif­

ferent types of lime series were analyzed with regression techniques: First a 

series of energy intensities was calculated on t.he basis of energy /output. ratios (by 

subseclors) without taking technical progress into account (Table 16), but. includ­

ing product-mix effects within subseclors. For each year, t.he overall energy 

intensities were simply compiled as a weighted average (wit.h constant. dollar pro­

duct.ion figures as weights) of subseclors intensity series. Secondly, lo obtain 

lot.al energy int.ensit.ies including technical progress, average growth rates of 

energy saving technical progress (or belt.er, other effects) were applied lo the 

former "product-mix" intensities al t.he level of sub-s'3clors. The average growth 

rat.es of technical progress were taken for five sub-sectors from t.ime series 

analysis of B developed countries presented in Chapter 1.3 above. Accounting for 

the ''best-rract.ice-prevails"-hypolhesis, growth rat.es of technical progress were 

assumed lo be equal for all regions. 

Table 17 presents average annual percent.age rat.es of growth for the basic 

sectors total energy efficiency (including product. mix and technical progress as 

well) and growth rat.es of structural cha.nge (including product. mix, excluding 

technical progress). Growth of technical progress is simply calculated by sub­

tract.ion. 

Considering firstly t.he technical progress component., it. is no wonder that 

annual rat.es are found very close from one region lo another, around -2.2%, since 
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Table 17. Average annual percent.age growth rates of energy coefficients derived 
from semi-logarithmic regressions (t-values in parenthesis). 

Regions Tot.al Structural changes Technical progress 
(1) (2) (3) = (1) - (2) 

Growth rates R2 Growth rates R2 Growth rates 

NA -2.9 99.4 -0.5 B0.3 -2.4 
{39.4) {6.4) 

WE -2.7 99.5 -0.5 86.4 -2.2 
(43.7) {8.0) 

EE -2.6 99.6 -0.6 93.6 -2.0 
{50.8) {12.0) 

JP -2.6 96.9 0.7 68.2 -1.9 
{17.6) {4.6) 

OD -2.1 97.4 -0.2* 18.3 -2.1* 
{19.3) {1.4) 

LA -1.7 97.9 +0.5 76.4 -2.2 
{21.6) {5.6) 

TA +0.1• 0.0 +1.9 91.2 -1.9• 
{0.5) (10.2) 

NE -1.0 61.1 +1.3 74.6 -2.3 
{3.9) {5.4) 

IN -2.5 99.1 -0.4 72.4 ·-2.1 
{32.4) {5.1) 

AS -3.9 98.0 -1.7 88.5 -2.2 
{22.2) (8.8) 

* t-value indicates that the estimate does not. differ significantly from zero. 

exogenously assumed growth rates do not differ widely. More int.erest.ing appear 

the results for structural change which show product mix effects within subseclors 

as well as st.ructural shift.s bet.ween subseclors of lhe basic product.s sector as a 

whole. To detect possible structural breaks caused by oil shocks in lhe le.le 1980s, 

a dummy technique was used: in addition lo lhe trend variable a dummy variable 

was introduced which was set lo zero from 1970 lo 1975 and lo unity from 1976 lo 

1981. Non-significant. eslimat.es were found for lhe dummy variable. This suggest.s 

that. there was no slruct.ura~ break in t.he mid-1980s and it. supports lhal lhe 

assumption t.hat. changing energy prices did not affect. induslrializat.ion policies. 

Therefore t.he ident.ified structural changes might be considered as a long-term 

phenomenon rat.her t.han a short-t.erm adjustment. process lo price changes. 
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However, t.he small number of observations {1976-1961) following the first. oil 

shock casts some doubt.s on the validity of the t.est.. Eventually, no dummy variable 

was retained and it. may be not.ed t.he est.imat.es for t.he growt.h rat.es of st.ruct.ural 

change were all significant {except in OD). 

The range of t.rends due lo st.ruct.ural change {in percent. p.a.) is -0.5 t.o -0.7 

in the first four developed regions, all negative, while no significant. t.rend was 

found in the "Other Developed" region, t.he most natural-resource endowed in basic 

products. In contrast., three positive trends were found in Lat.in America, Sub­

Saharan Africa and West Asia-North Africa, with t.he following values {in percent 

p.a.): 0.5, 1.9, and 1.3, respectively. Finally, t.wo negative t.rends emerge fort.he 

Indian Sub-Continent {-0.4%) and for East. and Sout.h-Easl Asia {-1.7%). The lat.ler 

figure should be interpreted with caution since it is largely due t.o one sub-sect.or, 

chemical industry. with a decreasing weight., not lo mention the uncertainty in 

estimating a trend in t.his sub-sect.or. Adding up the two components, decreasing 

trends in energy-intensity ranging from -2.1 to -2.9%, emerge in developed 

regions, with a diversified picture in developing regions: no overall t.rend in Sub­

Saharan Africa, where t.he increasjng int.ensit.y due t.o structural change compen­

sates the decreasing intensity due t.o technical progress. a negative -1% t.rend in 

West Asia-North Africa, negative trends around -2'% in Lalin America and the 

Indian Sub-Continent, and a controversial figure close t.o -4% in East. and South­

East. Asia. 

The least. t.hal can be said on t.he st.ruct.ural change effect is that. the posit.Ive 

changes found in Lalin America, Sub-Saharan Africa, and West Asia-North Africa 

comply with expect.at.ions since these regions are natural resources and/or energy 

endowed. The negative trends found in the four largest. developed regions, on t.he 

other hand, ext.end and confirm the analysis made in Chapter I.3, i.e., a proportion 

close t.o 25% can be attributed t.o st.ruct.ural change in t.he overall decrease in 

energy intensity. Finally, t.he negative results for t.he last. t.wo developing coun­

tries, the Indian Sub-Continent. and East. and South-East. Asia, are more fragile, 

since it. appears from the formar part of the analysis that. an increase in energy 

intensity is observed in a number of sub-sect.ors. The negative t.rend of the st.ruc­

t.ural change effect. observed in the 1970-1961 period may therefore be reversed 

in lhe future as a result. of a continuation oi the industrialization policy in these 

areas. 

It. therefore looks as if major changes occurred in the 1970s in t.he interna­

tional division of labor of primary processing industries: developed countries 
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moved towards less energy-intensive industries, while an increased share of more 

energy-intensive industries was observed in developing regions. Even though it is 

loo early to state that these changes can be considered as long-term trends, it is 

interesting lo study. through simulations. lo what. extent. they are likely lo affect. 

the world energy balance. This is the object of Part II. 
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A?PENiJ:::X 

Countries Selected on the Basis of Reliable Data for the 
Analysis of Energy Intensities by Regions 

================================================================ 
:::-egion name 

~ North Amerika 
1 North Amerika 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
2 Western Europe 
3 CPE& 
3 CPEs 
3 CPEs 
3 CPEs 
3 CPEs 
3 CPEs 
4 Japan 
5 Other 
5 Other 
5 Other 
6 Latin 

Latin 

developed 
developed 
developed 
America 
America 6 

6 
6 

Latin America 
Latin 

6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 
6 Latin 

America 
America 
America 
America 
America 
America 
America 
America 
America 
America 
America 
America 
America 
A.merica 
America 
America 
America 
America 

countryr. 

CANADA. 
UNITED STATES 
AUSTRIA 
BELGIUM 
DENMARK 
FINLAND 
FRANCE 
GER!".iANY, FEDERAL REPUBLIC OF 
GREECE 
ICELAND 
IRELAND 
ISRAEL 
ITALY 
MALTA 
NETHERLAN:JS 
NORWAY 
PORTUGAL 
SPAIN 
SWEDEN 
TURKEY 
UNITED KINGDOM 
YUGOSLAVIA 
CZECHOSLOVAKIA 
GERMAN DEMOCRATIC REPUBLIC 
HUNGARY 
POLAND 
ROMANIA 
USSR 
JAPAN 

countries AUSTRALIA 
countries NEW ZEALAND 
countries SOUTH AFRICA 

ARGENTINA 
BARBADOS 
BOLIVIA 
BRAZIL 
CHILE 
COLOMBIA 
COSTA RICA 
DOMINICAN REPUBLIC 
ECUADOR 
EL SALVADOR 
GRENADA 
GUATEMALA 
HONDURAS 
JAMAICA 
MEXICO 
NICARAGUA 
PANAMA 
PARAGUAY 
PERU 
URUGUAY 
VENEZUELA 
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=========================:=======================~============== 
reqion name 

7 Tropica: Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
7 Tropical Africa 
8 Near East: 
8 Near East 
8 Near East 
8 Near East: 
8 Near East 
8 Near East 
8 Near East 
8 Near East 
8 Near East 
8 Near East: 
9 India 
9 India 
9 India 
9 India 

10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
:o East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
10 East Asia 
11 China 

countryr-

UNITED REPUBLIC OF CAMEROOK 
CENTRAL AFRIC~.N REPUBLIC 
CONGO 
ZAIRE 
ETHIOPIA 
GliANA 
IVORY COAST 
KENYA 
MADAGASCAR 
MALAWI 
MAURITIUS 
MOZAMBIQUE 
NIGERIA 
RWANDA 
SOMALIA 
ZIMBABWE 
UGAl\'TIA 
UNITED REPUBLIC OF TANZANIA 
ZAMBIA 
ALGERIA 
IRAN ISLAMIC REPUBLIC 
IRAQ 
JORDAN 
KUWAIT 
LIBYAN ARAB JAMAHIRIYA 
MOROCCO 
SYRIAN ARAB REPUB~IC 
TUNISIA 
EGYPT 
BANGLADESH 
SRI LANKA 
INDIA 
PAKISTAN 
BURMA 
FIJI 
HONG KONG 
INDONESIA 
KOREA, REPUBLIC OF 
MALAYSIA 
MALAYSIA WEST 
SABAH 
SARAWAK 
MONGOLIA 
PHILIPPINES 
SINGAPORE 
THAILAND 
CHINA 

==============·================================================~ 



APPENDIX I.2. Shares of Regions in the 1~rld Production of Energy-Intensive 
Dasie ltaterials (in percentaqe) 

Wood pulp, sulphate and soda 

3•1110 
region 1970 1973 1978 1979 1980 1981 

----------~-----------------------------------------------···············L•W North Amerika 
Western Europe 

CPE11 
Japan 

Other developed countri 
Latin America 

Near East 
India 

East Asia 

Wood pulp, sulphite 

341113 
region 

63.07 61.40 
18.99 19.07 
5.4, 5.77 
8.85 9.61 
1. 4, 1. 4, 
1.97 2.17 
0.09 0.08 
0.12 0.25 
o.o• 0.20 

1970 19'.!3 

59.97 58.64 58.88 60.18 
17.64 18.65 17.98 17.77 
7.34 6.59 6.55 6.44 
8.82 9 .19 8.83 7.76 
1. 41 1. 49 1. 44 1. 54 
4.08 4.67 5.60 5.54 
0 .10 0.11 0.11 0 .11 
0.44 0.43 0.42 0.41 
0.22 0.22 0 .19 0.24 

1978 1979 1980 1981 
•••••••••••••••••••••••••••••••=••a••=•••a•••2•••••••m•••••••••••••••••••••• 

North Amerika 3•.74 32.41 33.25 33.64 34.39 36.22 
Western Europe 37.39 38.23 31. 94 34.04 33.15 29.90 

CPEs 23.51 25.09 31.20 28.84 29.19 30.81 
Japan 2.98 2.61 1. 91 1. 80 1. 60 1. 34 

Other developed countri 0.25 0.27 0.35 0.34 0.40 0.40 
Latin America 1. 13 1. 39 1. 35 1. 34 1. 26 1. 34 

I 

"' 0 
I 



Zinc, unwrought 

3720431 
region 1970 1973 1978 1979 1980 1981 

·····--···---··············--···---·-~---·············=······················ 
North Amerika 26.08 21.05 17.40 18.98 17.50 18.01 

Western Europe 26.77 28.38 30.25 30.34 31.36 31.67 
CPEs 17.94 18.24 19.48 17.98 19.16 18.25 

Japan 14.21 16.52 14.20 13.73 13.17 11.72 
Other developed countri 5.65 6.00 5.06 5.56 5.63 !L 57 

Latin America 4 .16 3.97 6.09 5.93 5.86 6.91 
Tropical Africa 2.53 2.37 1. 66 1. 47 1. 44 1. 71 

Near East o.oo 0.00 0.50 0.49 0.56 0.62 
India 0.46 0.25 1.13 1. 14 0.83 0.99 

East Asia 0.06 0.25 1.14 1. 50 1. 49 1. 57 
China 2.16 2.97 3.09 2.se 3.00 2.99 

I 
(j\ _. 

I 

AluITlinum, unwrought 

3720221 
region 1970 1973 1978 1979 1980 1981 

-------------------------------------------------------~---------------------· North Amerika 48.47 42.34 39.36 38.02 38.07 38.58 
Western Europe 20.41 23.31 24.84 24.99 24.85 25.34 

CPEa 15.45 14.94 15.70 15.67 15.09 15.59 
.Japan 7.77 9.26 7.73 7.12 7.29 5.35 

Other developed countri 1. 79 3 .16 3.57 3.54 3.49 4.03 
Latin America 1.11 1.35 2. !H 4.16 5.09 4.38 

Tropical Africa 1. 75 1.65 1.11 1. 52 1. 53 1. 64 
Near East 0.00 0.28 0.92 0.81 0.84 1. 04 

India 1. 71 1. 30 1.50 1. 49 1. 23 1. 46 
East Asia 0 .16 0.14 0 .15 O.HI 0. 1• 0 .12 

China 1. 38 2.27 2.62 2.53 2.39 2.48 



Copper, refined, unwrought 

3720041 
region 1970 1973 1978 1979 1980 1981 
••••=•••••••••••••••••••••••••=•••••a•••••=••=••••••~••••=•••=•==•••••a•••••• 

North Amerika 31.40 28.50 22.04 22.15 19.88 23.06 
Western Europe 14.05 13.94 14.!4 14.00 14.33 12.85 

CPEs 18.68 20 .13 22.22 22.46 22.40 21.80 
.Japan 9.33 11. 46 10.74 10.57 11.06 11.40 

Other developed countri 2.75 2.96 3.64 3.42 3.36 3.51 
Latin America 8.68 7.11 12.23 13.28 13.75 12.42 

Tropical Africa 13.37 12.98 10.96 9.85 10.77 10 .19 
India 0. 1-& 0.16 0.23 0.23 0.29 0.27 

East Asia 0.08 0 .12 0.62 0.74 0.86 l. 25 
China l. 52 2.63 3.19 3.30 3.30 3.24 

I 
CTI 
t..l 
I 

Crude steel, ingots 
371019 • 
region 1970 1973 1~78 1979 1980 1981 
••=••••••••==•=•••=••••••••=•=•••========•••a===~•••••m==•====•••••••=••===•• 

North Amerika 22.84 22.50 20.40 19.71 17.41 18.79 
Western Europe 26.84 25.47 22.57 22.97 22.04 21.96 

CPEs 25.54 24.89 30.02 28.75 30.06 30.06 
.Japan 16 .10 17.68 14.82 15.62 16.37 15.20 

Other developed countri 1.99 1.90 2.27 2.32 2.52 2.59 
Latin America 2.25 2.37 2.99 3.22 3.40 3.20 

Tropical Africa 0.05 0.06 0.12 0.11 0 .12 0.09 
Near East 0.06 0.05 0 .16 0.22 0.24 0.21 

India 1.12 1.10 1.48 1. 42 1. 41 1. 63 
East Asia 0.09 0.20 0.51 0.80 0.92 0.89 

China 3.12 3.78 4.66 4.87 5.52 5.38 



Crude steel for castings 

371016 
1970 1973 1978 1979 1980 1981 region 

••••••s••••••••••••••••••m•••••=••=••=••=••••m••••••••••••••••••••••••••••••• 
North Amerika 

Western Europe 
CPEs 

Japan 
Other developed countri 

Cement 

369204 
region 

Latin America 
Near East 

India 

1. 35 1. 31 
22.54 19.72 
62.07 65.33 
11.14 10.43 

1. 28 1. 32 
0.41 0.50 
0.81 0.99 
0.40 0.40 

1970 1973 

0.74 0.89 0.83 0.63 
16.04 17.04 16.45 16.96 
76.62 75.45 76.01 76.37 

4.54 4.50 4.69 4. 14 
0.73 0.41 0.35 0.37 
0.28 0.70 0.68 0.59 
0.73 0.72 0.71 0.65 
0.33 0.29 0.28 0.29 

1978 1979 1980 1981 
••••••••••••••••••••••••••••••••••••••==•=••••••••••••••u••••••••••••••••••••• 

North Amerika 13.32 12.88 10.95 10.81 9.61 9.11 
Western Europe 32.18 30.51 26.90 26.44 26. 1.t 26.32 

CPEs 23.75 22.96 23.63 22.28 22.32 21.80 
Japan 10 .16 11.48 10.56 10.62 10.57 10.12 

Other developed countr1 2.07 1. 91 1. 57 1.46 1. 57 1. 73 
Latin America 5.63 6 .19 7.42 7.71 8.37 8.43 

Tropical Africa 0.81 0.94 0.79 0.75 0.77 0.74 
Near East 2.16 2.03 2.95 3.60 3.94 4.21 

India 3.02 2.70 2.95 2.69 2.64 3.04 
East Asia 2.33 2.93 4.18 4.71 4.47 4.61 

China 4.57 5.48 8.11 8.94 9.60 9.89 

I 
CTI 
w 
I 



Quicklime 

369201 
region 1970 1973 1978 1979 1980 1981 
•••••••••=•==z•••••===~••=•==•==•===•=====a====•=•=•==:==••=•=m====••========== 

North Amerika 13.69 16.63 18.97 19.04 17.93 14.96 
Western Europe 22.88 24.05 21.51 22.28 21.68 19. 16 

CPEs 45.26 35.17 37.21 36.26 37.32 41.45 
Japan 9.19 11.52 7.98 8.37 8.39 7.99 

Other developed countri 1.43 1.87 2.29 2.01 2.50 2.80 
Latin America 7.30 8.97 9.86 10.04 9.91 11.19 

Tropical Africa 0.16 0.30 0.40 0.38 0.32 0.37 
Near East 0.0.t 1. 27 1. .t9 1. 12 1. 26 1. 31 

India 0.18 0.18 0.35 0.36 0.40 
East Asia 0.04 0.05 0.11 0 .14 0.33 0.37 

' O'I 
--
I 

Nitrogenous fertilizers 

351201 
region 1970 1973 1978 1979 1980 1981 
•••••••••••==•••••••••••=•m•=•=•••============•••••====•••3••==•••=•=•===•===••• 

North Amerika 28.67 26.02 22.37 22.34 22.49 23.16 
Western Europe 22.59 19.76 17.14 18.10 17.77 17.12 

CPEs 28.38 29.44 29 .14 26.93 26.61 27.00 
Japan 6.33 5.92 3.65 3.39 2.84 2.43 

Other developed countri 1. 26 1. 2:.2 1. 35 1. 22 1. 14 1. 15 
Latin America 2.05 2.06 2.36 2.19 2.39 2.55 

Tropical Africa 0.09 0.23 0 .15 0. 16 0 .16 0. 18 
Near East 0.86 1. 87 1. 68 1.63 1. 99 1. 97 

India 3.04 3.71 4.38 4.44 4.45 4.54 
East Asia 1. 42 1. 43 2.34 2.82 2.73 3.05 

China 5.31 8.34 15.44 16.77 17.44 16.85 



Caustic carbide 

351173 
region 1970 1973 1978 1979 1980 1981 
••••••••=•••=======•m==m===============================•===================== 

North Amerika 
Western Europe 

CPEs 
.Japan 

Latin Al'llerica 
India 

East Asia 
China 

Caustic soda 

351159 
region 

9.12 4.06 
28.76 20.72 
34.82 48.90 
15.87 8.91 
1.03 1. 61 
0.89 0.97 
0.67 0.99 
8.84 13.84 

1970 1973 

3.79 3.89 3.78 4.48 
14.59 14.31 14.16 11. 63 
48.59 46.30 45.10 44.31 

8.92 9. 13 8.84 8.72 
1.93 1.96 1. 93 2. 11 
1.49 1. 52 1. 21 1. 45 
0.80 0.34 0.55 0.63 

19.89 22.55 24.44 26.67 

1978 1979 1980 1981 
•••••••••••••=•••••••••••••••=•••••••=••••==•==•••=•••••••=ams•====•====•=••• 

North Amerika 43.37 39.61 37.32 39.37 38.46 37.38 
Western Europe 23.39 26.54 24.29 23.61 22.53 21. 97 

CPEs 13.33 12.79 16.59 15.40 16.09 17.00 
.Japan 11.24 11. 58 9.32 9.29 9.81 9.37 

Other developed countri 0.48 0.45 0.45 0.42 0.45 0.49 
Latin America 2.09 2.41 3.57 :::i. 45 3.62 4.08 

Near East 0.16 0.08 0 .19 0.20 0.20 0 .17 
India 1.69 1.67 2.04 1.93 1. 91 2.20 

East Asia 0.41 0.40 0.55 0.54 0.77 0.86 
China 3.85 4.47 5.67 5.79 6. 16 6.47 

I 

"' U1 
I 



Ammonia 

1910 1913 1918 1979 1980 1981 
351158 
region 
·-------=·=··=·==··=======·===========·============·========================== 

North Amerika 
Western Europe 

CPEs 
Japan 

Other developed countri 
Latin America 

Near East 
East Asia 

C'hina 

Methanol (methyl alcohol) 

351121 

42.82 
33.50 
14.89 

3.41 
0.55 
2.43 
0.45 
1.95 

27.24 

region 1910 

42.02 
37.51 
12.31 

1. 84 
0.24 
2.22 
1. 83 
1.98 

28.88 

1973 

37.70 41.28 31.45 32.81 
33.03 28.53 19.19 15.18 
19.42 19.62 14.18 15.01 
0.31 0.30 0.23 0.24 
0.05 0.05 0.04 0.04 
5.46 6.00 4.87 5.04 
1. 30 1. 26 0.91 0.97 
2.13 2.96 1.90 1. 77 

1978 1979 1980 1981 
••••••••••••••••••=••••••••a•=••=m=•======~•======a=•======•====•==========•,• 

North Amerika 36.47 39.58 34.58 36.98 38.02 42.79 
Western Europe 24.12 22.25 17.44 17.79 14.52 12.37 

CPEs 23.14 21. 84 31.60 28.39 32.07 31.68 
Japan 15.30 15.09 10.88 10.3.f. Q,79 B.24 

Latin America 0.32 0.33 1. 23 1.92 2.03 2.02 
Near East 0.00 o.oo 0.57 0.52 0.50 0.44 

India 0.34 0.29 0.50 0.57 0.59 0.56 
East Asia 0.31 0.63 3.18 3.49 2.48 1. 89 

I 
CT'\ 
(j\ 

I 



1970 1973 1978 1979 1980 19Bl 

Acetylene 

35110~ 
region 
••••••••••~•••c=••••••••••=====•••••=•============•••••1•===•==~•==============aaz== 

25.08 31.45 North Amerika 39.26 25.22 23.73 2o&.56 
Western Europe 50.67 58.91 50.28 50.32 50.71 39.84 

CPEs 2.06 4.66 7.34 6.77 7.30 7.56 

Japan 5.88 7.17 6.94 4.54 2.57 2.41 

Other developed countri 0.00 o.oo 0.00 0.71 0.84 1.13 

Latin America 1.18 2.78 4.67 5.58 5.31 6.96 

Tropical Africa 0.07 0.09 0 .15 0.16 0 .18 0.24 

Neak. East 0.14 0 .18 0.38 0.35 0.39 0.52 

India 0.58 0.71 1.40 1.45 1. 59 2.01 

East Asia 0.17 0.29 5 .12 5.55 6.03 7.87 

I 
O'\ 
-.J 
I 
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APP.ENDIX I. 3. 

World Consumption of Major Metals, Actual an.~ Trends, 

in Thousands of Tons, 1950 - 1982 
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World Consumption of Major Metals, Actual and Trends, 

in Thousands of Tons, 1950 -1982 (continued) 
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APPENDIX I.4. 

ENERGY CONSUMPTION BY DEVELOPINl ..:OUNTRIES 

!~~!!~~~· 764, th. mtoe ~!~:~!~' 566, th. mtoe 

Years Final Energ~ ConsumEtion Total Final E.ner~~ ConsumEtion Total 

Industry Total Primary Energy Industry Total Primary Energy 

1970 1579 5063 6285 383 15354 15652 

1971 1625 5953 7551 580 15954 16527 

1972 2121 6930 7936 584 16775 17373 

1973 2344 7804 9567 708 18295 19131 

1974 2300 76G4 9173 899 19416 20130 

1975 2581 8046 9924 1558 21336 22037 

1976 3071 9164 11073 1197 20977 21729 

1977 3296 9672 13065 1156 22427 23754 

I 
-..J 

~~~!~~· 484, th. mtoe !~~~~· 410, th. mtoe 0 
I 

Years Final Energ~ ConsumEtion 'rotal Final Ener9~ ConsumEtion Total 

Industry Total Primary Energy Industry Total Primary Energy 

1970 17770 40993 49089 1267 17069 19487 

1971 18865 42310 50805 1339 18828 21200 

1972 21164 46002 55468 1327 16475 21790 

1973 23201 49329 60176 1662 19908 24759 

1974 25673 53740 65045 2189 20589 25266 

1975 27436 55556 69270 2464 23432 27952 

1976 27549 57818 73131 2727 24334 30615 

1977 35226 66872 78816 3029 27596 34460 



!~~~~· 404, th. mtoe 
JNl\~ic~, 388, th. mtoe ___ T""'.,.._ __ 

Years Final Ener~~ ConsUJ'l\Ptton Total Fin~l Eoer2~ Conswnetion Total 

Industry Total Primary Energy Industry Tot.al PriJ!lary Energy 

1970 203 3437 3671 838 1683 1881 

1971 242 3634 3896 1018 1985 2211 

1972 185 J617 3918 2059 2309 

4580 
no 2675 2943 

1973 276 4290 reliable 
1974 295 4114 4439 data 

2508 2775 

1975 302 4127 4434 2603 2886 

1976 352 4034 4520 2609 2906 

1977 375 4026 4404 2562 2897 

~~~-~~~!~~~· 554, mill. mtoe 
Austra!ia, 036, mill. mtoe 

Years Final Energy Consumption Total Final Energy Consumption Total I 
-.J 

Industry Total Primary Energy Industry Total Primary Energy ..... 

1971 1.42 5.55 8.35 15.43 33.25 52.25 

1972 1.64 6.13 9.31 14.89 33.78 53.65 

1973 1. 77 6.52 9.59 18.10 39.86 58.25 

1974 2.27 6.52 10.08 20.67 42.97 62.13 

1975 2.51 6.88 10.59 19.27 42.42 63.29 

1976 2.52 7.14 10.94 20.64 43.89 67.47 

1977 2.65 7.33 11.42 20.45 45.51 68.86 

1978 2.55 7.19 11. 36 19.69 50.54 72 .40 

1979 2.63 7.13 11.15 20.11 47.96 76.92 

1980 2.49 7.66 11.69 20.57 48.35 76.22 

1981 2.51 7.66 11. 8 19.92 49.09 77. 21 



~~e~· 392, mill. mtoe !~~~f 364, th, mtoe 

Years Final Ene~~ ConsurnEtion Total rinal Ener2~ Consumetion Total 

Industry Total Primary Energy Industry Total Primary Energy 

1970 10335 19599 21982 

1971 125.3 211. 7 293.2 9222 19652 23079 

1972 131.6 226.2 312.4 8986 20576 22588 

1973 145.l 249.7 340.4 10221 23995 28063 

1974 139.S 243.6 341.6 11739 27834 33598 

1975 126.6 235.7 328.2 10981 30642 34746 

1976 148.8 258.3 348.7 11765 3:?909 38458 

1977 146.4 260.2 352.7 18860 42610 48803 

1978 148.5 269.6 362.3 
1979 152.4 293.0 377.0 
1980 139.4 261.3 365.1 

1981 132.4 254.5 362.l I 
-.J 
t.J 
I 

!~~~~~~!~· 360, th. mtoe ~=~!~~-~L-!~~f!• 356, th. mtoe 

years Final Energ~ ConsumEtion Total Final Ener~~ Consum~tion Total 

Industry Total Primary Energy Industry Total Primary Energy 

1970 434 36394 38476 30193 82408 98848 

1971 1210 36621 40665 30217 83678 101067 

1972 661 38555 40375 32509 89102 107867 

1973 627 40481 42765 33922 91527 111733 

1974 794 44570 45162 36709 94252 114252 

1975 1011 47269 48238 39886 98678 123662 

1976 1127 54893 54383 40387 102814 129014 

1977 1255 63944 72489 



Re2~~~-~L-~~XE~· 818, th. mtoe 
Colombia, 170, th, mtoe 
----~---

Years Final Ener~x Consumptton Total Final Ener2l cons\.111\~tion Total 

Industry Tot"-1 Primary Energy Indust:i::y Total Primary Energy 

1970 895 5777 7679 497 13406 16376 

1971 939 6719 8572 565 14140 16835 

1972. 908 7475 9348 472 14596 17950 

1973 888 6754 8790 487 14813 18321 

1974 957 7654 9797 901 15440 18996 

1975 1219 862.1 11220 9E:3 14714 19429 

1976 1347 11191 13621 1062 15054 20008 

1977 1454 11908 13900 1061 16745 20462 

~~2!~!:!.-!L-~~!~~-~!!f~~' , mill. mtoe ~!~~!!!:!.-~~!~~· , mill. mtoe 

I 

Final Ener2l Consumetion Total Final Ener2~ ConsurnEtion 
Years 

Total ....... 

Industry Total Primary Energy Industry Total Primary Energy 
w 
I 

1971 414.55 1338.43 1735.96 336.l 797.4 1075 

1972 452.56 1423.48 1843.65 347.5 839.5 1122 

1973 457.68 1426.36 1901. 0 376.5 906.4 1200.5 

1974 447.30 1392.4 1915 372.9 873.? 1179 

1975 402.2 1341. 7 1869 335.0 842.5 1135. 0 

1976 438.7 1428.6 1974 348.9 882 1193 

1977 430 1465 2029 343.6 885 1205 

1978 438 1510 2100 342.4 909 1238 

1979 450.3 1529 2097 362.9 949 1290 

1980 431.4 1464 2034 339 904 1251 

1981 416.8 1422 1993 318 869 1218 

Source: Energy Balances of OECD Countries, 
Paris, 1983 



~~~!!!• 076, th. mtoe ~~~;~~!~· 032, th, mtoe 

Years Final Ener2~ ConswnEtion Total Final Ener2~ consUJ"\Etion Total 

Industry Total Primary Energy lndu$try Total Primary Energy 

1970 12779 53176 6Sl97 6400 24049 3.3156 

1971 14246 56340 70114 6395 25234 35276 

1972 16539 61889 77066 6243 25137 35947 

1973 19693 68161 89616 6972 26881 38307 

1974 21081 74735 95229 7249 27457 39819 

1975 21690 78097 97734 8493 28310 41185 

1976 24369 84717 107167 9620 29265 42526 

1977 
_ .. _ _u _ -"- 9BB3 29209 43403 

~!2!~!!• Region 8, 012, th. mtoe ~~~~!!~· 862, th. mtoe 

Years Final Ener2~ ConsumEtion Total Final Ener2~ ConsumEtion Total I 
-I 

Industry Total Primary Energy Industry Total Primary Energy .c 
I 

1970 579 3312 3679 5438 13345 21119 

1971 560 3433 3778 5233 13587 22129 

1972 500 5657 5888 5912 15053 17676 

1973 513 5190 6483 7816 17521 25667 

1974 513 5741 6584 7827 18516 27654 

1975 629 5993 7497 2729 19179 25166 

1976 768 7694 9930 8068 20681 19934 

1977 912 20729 21563 8489 2.2051 30603 
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PART Il: UNITAD SCENARIOS 

This part deals wilh forward-looking explorations of energy issues based on 

lhe analysis achieved so far. It is divided int.o four chaplers, lhe first briefly 

menlions relevant melhodological aspects of lhe UNITAD model, which is a UNIDO 

model built up for long-lerm exploralion purposes. The second follows directly 

from Part I and concent.rales on energy issues. The macroeconomic framework is 

lhen Justified and analyzed in lhe medium-Lenn (1984-1990) in Chapler 11.3 and in 

lhe long-term (1990-2000) in Chapter 11.4. Brief policy conclusions follow. 

Il.1 SUKKARY FEATURES AND DATA BASE OF THE UNITAD JIODEL 

No attempt is made here to describe t.he UNITAD model, excepl to recall a few 

relevant. features. It. js composed of eleven regional models interacting among 

each olher lhrough a series of seven trade mat.rices, by commodit.y groups -

including one governing trade in ener2}' material. and another, trade in intermedi­

ary products, i.e., the out.come of t.he basic product sector. In each regional 

model, demand and supply balance by producing sect.or is achieved through an B•B 

Input-Out.put core. Intermediary consumpt.ions of energy can be changed by exo­

genous multiplyers affecting lhe "input." matrix, and this was done int.his exercise 

to the energy coefficient. of the basic product. sector only. Final consumpt.ion is 

endogenously generated by a linear expenditure model sensitive t.o price and 

income changes. The energy price, which is produced by t.he dual Input-Out.put. 

model, can be changed by a coefficient. which simulales the rent. effect. of an OPEC 

policy. It was therefore easy t.o incorporate in lhe model the energy price fore­

casts issued by IIASA (see Annex 4). 

An original reature or lhe model is the possibllit.y of introducing supply con­

st.raint.s in any sector. This was achieved in lhis exercise in two sect.ors, agricul­

t.ure and energy. Upper bound limits of agricultural growth rat.es were introduced 

in some regions (Sub-Saharan Africa and West. Africa) t.o simulate the low growth 
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rates observed in these regions for various reasons, some of climatic origin, oth­

er.: due lo a negiecl of agriculture Ulrough a variety of policies {e.g., price dis­

t.orsions). 

The upper bound limits of the energy sect.or are m~l lo simulate constraints 

in natural resources. For this purpose, the energy sect.or is subdivided into four 

sub-sect.ors, namely liquid and gas fuels, utilities, solid fuels, and refineries. The 

upper bound limits were essentially applied lo liquid, gas and solid fuels {see 

below). 

The model computes aggregates al constant and current prices. The former 

are supposed lo convey trends of physical units, but. two steps further were 

achieved in this exercise, i.e., converting constant. prices aggregates into physical 

units, and secondly, deriving primary energy units. In order to do this, constant 

prices aggregates relating lo gross product.ion figures, by energy sub-sector. 

were divided t)y the dollar price of tons of oil equivalent (1970 dollars/toe) in 

1975, ; .e., the base year period. The energy row of the balance of goods and ser­

vices was thus mad~ lo reflect. the current out.put. mlx in terms of sub-sect.ors. 

Primary energy units were derived by adding up the endogenous figures of 

liquid/gas and solid fuels and an exogenous term for primary electricity {hydro­

electric, nuclear and miscellaneous electricity generation). 

The daw. base of the model was updated and enlarged in several respects. 

Firstly, energy input. and value-added coefficients of the base year {1975) were 

updated lo 1980 using both the results of the historical analysis in Part. I and a new 

set. of input/out.put. tables supplied by UNIDO. The difficulty was lo express new 

figures in 1970 prices. The first step was lo apply the energy-saving trends 

derived from Part I over 1970-80, lo original 1970 energy input of the "Basic Pro­

ducts" column. The rat.lo of the energy input in 1980 (at 1980 price) lo the derived 

1980 input. at 1970 prices yielded the energy price, which was then used lo deflate 

energy inputs in other sect.ors of the new 1980 tables. 

The other major change in the data base was the maximum energy supply for 

fosslle fuels in 1990 and 2000 and the exogenous estimate for primary electricity 

for the same years. Using three different. sources (IIASA estimates in Annex 2, UN, 

ECE and International Energy Agency of OECD), the following estimates were 

entered by region (Table 18). 

As c;an be seen, the South rat.lo of world primary resources in liquid and gas 

fuels is assumed t.o continuously grow up from 48% in 1975 t.o 51% in year 2000. 



- 77-

Table 18. Upper bound limits of energy priMary units, by region (million t.ons of 
oil equivalenl). 

1975 1990 2000 

~quid Solid Elec- Liquid 
Solid 

Elec- Liquid 
Solid 

Elec-
gas lricily & gas tricily & gas lricily 

Norlh America 1162 437 55 986 701 354 986 958 600 
Weslern Europe 169 230 109 300 260 295 280 260 525 
Eastern Europe 708 558 44 1306 790 196 1527 996 338 
Japan 4 16 23 7 12 75 7 10 135 
Other developed 30 96 8 48 235 16 48 348 30 

Lalin America 328 10 31 547 40 90 547 62 208 
Sub-Saharan Africa 125 3 6 162 8 10 162 10 24 
W. Asia-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 55 215 980 116 

World 4014 1813 309 5387 2819 1163 5855 3799 2126 

of which 
Norlh 2073 1337 239 2647 1998 936 2848 2572 1628 
Soulh 1941 476 70 2740 821 227 ~007 1227 498 

• Primary eleclricity {hydro, nuclear, miscellaneous) is measured as the fossile 
fuel input equivalent used in thermal power slalion. 

Total primary units however hardly change in proportion bet.ween Norlh and South 

(around 60% in North as against 401 in Sout.h) on accounl of the progressive shifl, 

in lhe North, from liquid and gas fuels t.o solid fuels and primary elect.ricily. {This 

comparison is valid since energy units of primary electricity were computed, 

according t.o OECD practice, in terms of fossile fuel input. equivalent. used in lher­

mal power stat.ions.) This analysis should not. however be taken loo far since many 

oil and gas deposits can be discovered and put int.a operation bet.ween today and 

year 2000. In the table, year 2000 estimates of liquid and gas fuels are on the cau­

tious side. 
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11.2 THE E:Nl.:8GY BALANCE IN THE SCENARIOS 

The potential impilcl of findings on energy savings in the basic product sector 

on energy balances were tested in simulations carried out wilh lhe use of the UNI­

TAD model. Simulations were designed so as lo allow only one shock lo the syslem 

al one lime and lo do '.his, it was considered preferable lo operale on lhe period 

ext.ending from 1990 lo 2000 rather lhan in lhe BO's where condilions are likely lo 

be influenced by many evenls. Following a base-line scenario from 1980 lo 1990 

(described laler), three different simulations (denominated A,B,C) were built up 

for a ten-year period. 

Simulation A is based on an assumption t.hal ac• permanent structural 

changes towards less energy-intensive industries lake place in the Basic 

Products sect.or of developed countries. So energy input coefficients in 

developed countries were modified by a mulliplyer reflecting only the 

continuation of lrends in technological progress. No such trends were 

a.ppLied, by convention, to the ba.sic product sector of developing 

regions in this a.nci other simu.La.tions. 

In simulation B. two sels of exogenous assumptions were introduced: On 

the industrial side, developed countries specialize in less intensive pro­

cessing industries (input coefficienls are affected by a mulliplyer 

reflecting both the technological progress lrends and the out.put-mix 

effect. described in Chapter I.6); on the trade side, an international divi­

sion of labor progressively develops in all manufacturing goods: 

developing regions sell more intermediary producls (produced in the 

basic products sector) bolh to developed countries and on their own 

markels; other commodity markets also benefit. by trade liberalization 

but. to a minor extent. as compared lo intermediary products. In this 

experimenl, all other parameters, and in particular GDP growth, were 

kept. al the same level as in simulation A. so as to derive the primary 

order effects of the assumptions. 

Finally in simulation C, a 1-percenlage point. of annual growlh rat.~ was 

added up in all developing regions, in order to derive marginal growt.h 

elasticities for comparison purposes. 
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The res Jll of the experiments firslly confirm expectations: when considering 

the industrial uses of energy, total primary units consumed in the Soulh increase 

in simulation B, compared lo A, while the opposite is observed in developed 

regions. But. one interesting result emerges: the total world primary use of 

energy in industrial sectors decreases, and so does total world energy consump­

tion; this reflects the fact. lhat. all indirect. effects of the Nort.h-Sout.h substitution 

in the basic products sector, when permeating ct.her sectors of developing 

economies, give rise to less energy consumption than in the North (e.g., income 

accruing lo households is spent in much smaller energy I capita figures). 

Table 19. Industrial consumption of energy in lhe world (primary units in millions 
of toe). 

Regions 1990 2000 simulation 

A B c 

Developed Markel 3687 5593 5466 5390 
Economies 

East.em Europe 1501 1858 1831 1874 

Developing Market. 1012 1485 1547 1769 
Economies 

CPE, Asia 557 749 751 827 

World 6757 9685 9595 9860 

As can be seen in the table, there is a shift. of -127 Mt.oe from simulations A to 

B in developed market. economies, matched, but. not compensated by a +62 Mt.oe 

shiit. Jn developing market. economies. Together with shift.3 in the same direct.ion in 

Cent.rally Planned economies, the end result. is a net. decrease of 90 Mt.oe in t.he 

world al large. These figures seem small in absolute terms or in relat.ive terms 

{around 1% of the world tot.al). But. it. should be remembered t.hat. no assumptions on 

energy-saving t.rends were appiied to developing regions, for clarit.y purpose. But. 

even a small annual energy-saving trend in the basic sect.or of developing regions 

will make t.he world balanc'! significant.ly lower. For example, a -11 annual t.rend, 

equal to onf! half of what. was applied to developed regions, would affect. by a mult.i­

plyer of 0.90 the energy consumption of developing regions in simulations A, B, and 

C. This, it. may be objected, should not. affect. the difference bet.ween simulat.ions B 

and A, unless we have rea"IOns to believe that. more energy savings take place in 
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one of t.hem. The argument is indeed t.hat t.he int.reduct.ion of energy-saving tech­

nology should go parallel t.o t.he creation of new capacity int.he sect.or, and, as will 

be seen, t.he growth of capacity is much higher in simulation B t.han in A, since we 

simulate int.he former scenario an assumption of rapid North-South redeployment 

of t.he industry. This 1l change in the world tot.al, small as it is, is therefore a 

clear indication of t.he direct.ion of t.he move. Slightly higher figures obtain when 

measuring tot.al energy consumption (not shown in the table). i.e., a 1.5% decrease 

in tot.al consumption. 

The growth of the basic products sector over t.he t.en-year period, can be 

illust.rat.ed by the following figures (Table 20). 

Table 20. Growth oft.he basic products sect.or, 1990-2000 (annual growth rat.es, 
elasticity to GDP bet.ween brackets). 

A 

Developed countries 4.0 (1.2) 
Developing countries 8.4 (1.3) 

of which 

Lat.in America 9.5 (1.2) 
Sub-Saharan Africa 10.9 (2.6) 
West Asia-North Africa 15.5 (1.8) 
Indian Sub-Continent 5.2 (1.1) 
East & South-East. Asia 10.1 (1.6) 

1> marginal growth elast.icit.y t.o GDP. 

Simulations 

B 

3.8 (1.1) 
9.2 (1.4) 

10.4 (1.3) 
12.1 (2.9) 
12.1 (2.9) 

5.8 (1.2) 
11.6 (1.6) 

c1> 

(1.0) 
(.2) 
(.95) 

(1.2) 
(.6) 

In all developing regions, the growth figures and the GDP elast.icit.ies are 

higher in s;mulation B as compared to A. For developing countries, the two elasti­

city !lgures are 1.4 and 1.2 respectively, with, as 'lxpected, the reverse ranking 

order in developed regions, namely 1.1 versus 1.2 respectively. Similarly, when 

considering tot.al manufacturing (not shown in the table), the following comparison 

can be made bet.ween GDP elasticities o; simulation B versus A: developing regions 

1.3 versus 1.2, developed regions 1.0 versus 1.1. 

As e consequence, t.he Value-Added of manufacturing in market. developing 

regions over the world tot.al would rise from 9% in year 1990 (14% with CPE. Asia) 

to 14: of world tot.al (20% if CPE, Asia is included) tn simulation B, as against. 13% In 

simulation A (19% with CPE, Asia). 
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Why should lhe basic producls seclors grow fasler lhan olhar manufacluring 

seclors? A first. answer is suggesled by the successful industrialization strategy 

fellowed in thr; 70s and lhe 80s by mosl advanced developing regions, such as Bra­

zil, Korea, a!"1d others. The making of textiles or melal goods in t..'"le 60s was fol­

lowed in these counlries by lhe developmenl of upsl ream industries making textile 

fiber.; or iron and st.eel. Soon, however, tmother objective was sel: lo produce 

equip:nenl goods, be it lo save imporls of machinery or lo upgrade exporls from 

low lo high •1alue-added. A major point here, is that the key lo the control of tech­

no1ogy in many equipment goods is larpely in the making of high quality steel or 

ferro-alloys - henct> the race lowards the building of a modern Iron and Steel 

Industry, an objective by and large achieved today by Brazil, Korea, and Mexico, 

lo quote t.he lop racers. 

Ano~her justifi::ation, tho•.Jgh,seems lo lie in the natural resource endowment. 

of many counlri·~S of the South - especially oil producers, which aim al increasing 

the value added of their exports. Hence, in these countries, a fast expansion of 

petrochemical industries, a successful slory already for Mexir.o or Saudi Arabia -

and soon a major source of structural change in the worid trade of chemical pro­

ducls. There is obviously, in the latter industrialization st.rategy, a major differ­

ence with the first, in that a natural resour~'3S endowment induces a Ugh 

export/output ratio, as will bet.he case for the pelrochemical industry of the Gulf 

countries. In contrast, the iron and steel industries and the textile fiber indus­

tries are essentially oriented lowards the home market. - even if final producls 

(st.eel ini.ensive equipment goods such as ships and cars - or texliles and clothes) 

are largely meant. for exporls. The simulation achieved in this report. is reproduc­

ing both types of strat-egies through a correct capturing of the trends of Inpul 

coefficient.s. 
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IL3 mE BASE-LINE M:EDIU.M-TERll SCENARIO: SOME M:ACROECONOllIC 

ISSUES 

The inlernalional environmenl in 1984 does not. look mosl encouraging lo 

Developing Regions and more generally lo lhe inlernalional economy, even if some 

recovery signs are seen here and lhere. Bul what makes t.he picture appear 

gloomy is t.he number of deeply rooted disequilibria which t.hrealen t.he future. 

Among some: lhe m::igni.t.ude of unP.mployment ratios and of budget. deficits in 

developed region.c;, t.he vagaries of int.ernat.ional monelary and financial markets, 

wilh absurd peak \-alues for major currencies parity and interest. rales, and, not. 

least., the overwht.lming weight. of t.he ac;.just.ment. imposed on deblor countries. In 

order lo evaluale the impact of such an environment on t.ne international economy, 

a no-change assumption was imposed on major international parameters for the 

period 1984-1990. 

In lhe firsl ))lace, no de~Hne was assumed for real inlerest. rales - which were 

set. at. a high plateau around 7-8% - wit.h two major consequences: firstly, a severe 

out.look for corporat.~on profits. and therefore a low investment. level int.he North. 

Secondly, a heavy reimb11rsement. burden lo indebted ttconomh1s. No major change 

was similarly inlroduced on the dollar parity, wilh, as a result., a deficit. in lhe US 

trade balance remaining at a high level - above 100 billion dollars - for t.he rest. 

of lhe decade. Other· assumptions refer lo t.he int.ernalional prices of major com­

modity g!'"oups. Firsay, enerC?Y prices would slowly re~over from thc.~1 minimum 

level, expected lo be reached in 1985, ar..d would, in accordance with IIASA frire­

cast., reach in 1990 a level around 80% of yoar 1980 level {in real terms}. Prices of 

Agricultural Goods and raw malerials, similarly, would recover from lhe depressed 

198:3-1984 levels {UNCTAD Index 74 and 75 re!IJ.)ect.ively, base 1980 = 100) and 

reach in 1990 more salisfactnry nominal prices, yet. relatively low in real terms. 

On energy consumi.it.ion, as was already slated, the energy-saving coefficients 

found in t.hi~ slt1dy in t.he 70s for t.he primary processing industries {st.eel and 

non-ferrous melals, basic chemistry) ·i11ere repeated fort.he 1980-90 period. 

The out.st.anding debt. of developing ecouomies wa~ not allowed t.o grow in real 

terms, which means, in nominal terms, a growlh of' 4-5% pi13r annum, i.e., the 

assumed inflation rate of t.he dollar. This, however, was only !mposed on t.he sum 

lot.al of the out.st.anding debt, leaving ro::>m for large di'fferences among regions. 
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Table 21. GDP growth rates in the 1970s and the 1980s (% p.a.). 

Regions 1970-80 1980-90 of which: 1964-90 

North America 3.0 2.6 2.5 
Western Europe 3.0 2.2 2.6 
Eastern Europe 4.6 3.5 3.7 
Japan 4.9 4.0 4.2 
Other developed 3.0 2.7 2.6 

Lalin America 5.3 1.9 3.1 
Sub-Saharan Africa 4.1 0.4 0.9 
West Asia-North Africa 4.9 3.9 5.2 
Indian Sub-Continent 3.6 4.9 4.6 
East Asia 7.7 5.6 5.6 
China and other CPE's, Asia 6.3 5.0 4.6 

SUMMARY 

{A) Developed Markel E's 3.2 2.6 2.9 
{DDM) 

(B) Developing Markel E's 5.3 3.3 4.1 
(DGM) 

(C) World (excluding CPE's) 3.5 2.7 3.1 

Ratio (B/A) (1.7) {1.3) {1.4) 

Source: Observed figures from 1975 up t.o 1964 and UNITAD model thereupon. 

The first series of results t.o be reported is the set. of growth rat.es for 

1984-90 decade {see Table 21). As can be seen from the last column of Table 21, 

c,n the right. side, the world economy is expected t.o grow at. an annual rate of 3.1% 

t;p t.o lhG end of the decade, with Japan (4.2% p.a.) taking the lead in the recovery 

from 1965 onward, following the American recovery in 1964. Alt.oS?ether, with an 

annual growth of 2.9% p.a., the developed economies would not. attain the growth 

path of the 70s (3.2% p.a.), thus - cet.eris paribus - leaving no hope t.o achieve ft 

full-employment. t.ariiet.. Developing countries would be even farther away from 

their past. performances, with a 4.1% p.a. annual growth rate. The growth ratio 

bet.ween developing and developed market. economies (1.4) would therefore remain 

significantly below t.he rat.to achieved in the 70s (1.7). Yet. this r~t.io is higher than 

1 for the 1984-90 period, which o11as not the case for the 1960-64 period. 

Alt.oget.he·:-, tr looking at. the 1960-90 decade, the scenario is merely repro­

ducing the t.~;pe of low growth equilibrium which can, at. best., be generated by the 
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present international environment. It is worth noting that the only regions lo 

emerge with a significant growth are those of South and East Asia, whether 

deveioped or developing, market oriented or centrally planned, i.e., in order of 

decreasing growth rates (in percent p.a.) for 1970-80: East Asia (5.6), China (5), 

Indian Sub-Continent (4.9), and Japan (4.0). 

Al the other extreme, Africa South of Sahara (0.4% p.a.) and Lalin America 

(1.9% p.a.) are handicapped by their debt burden, 8.."ld have decreasing per capita 

growth rates - a desperate finding for the weakest population groups. However, 

from 1984 onward, Lalin America would achieve a 3.1% p.a. GDP growth rate, but 

Africa South of Sahara would not be expected lo go beyond a low GDP 0.9% rate, a 

growth of output far below the population growth rate (3% p.a.) partly due lo lhe 

low growth rate of African agriculture and partly lo the debt burden. To say the 

least, this result, which looks highly plausible, fully justifies the special Aid Pro­

grammes now discussed in various UN Agencies. 

The major conclusion is therefore clear, i.e., the present growth pattern of 

the world economy, even laking into account the vigorous American recc.-very and 

the partial recovery of Japan and Europe in lhe mid-eighties, lends lo perpetuate 

the prevailing disequilibria: massive unemployment in most regions, and hardly 

any solution lo the debt problem. But is there any plausible fll.lernalive solution 

available lo policy makers? Tnis is explored in the longer-term scenario. 
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Il.4: THE BASE-LINE 1990-2000 SDWLATION: llACROECON01llC 

OIPUCATIONS 

In order lo improve on the growth pattern of the eighties, new assumptions 

were made lo prevail in the 90s, essentially in the trade and financial areas. A 

progressive restoration of free trade was introduced in -,anufaclures. This does 

not go as far implying that protectionist barriers were fully dismantled (an 

assumption left for simulation B already studied), but simply that efforts were made 

by developed economies lo accommodate a continuation of penetration of goods 

from developing economies on a trend basis. On the financial side, interest rates 

between 2 and 31 were introduced, as well as a few years ext.ension oft.he maturity 

periods for debts. Al the same lime, all developing regions were requested lo 

achieve a debt-service ratio (relative lo their exports) lower than 20 per cenl. 

Supply conditions were set for two natural resources based sectors, i.e., agri­

culture and energy. The growth rat.e of primary energy units was constrained in 

every re~ion nol lo exceed specific values amounting lo a maximum growth of 2.61 

p.a. for the world as a whole from 1975 lo 2000. 

On the agriculture side, upper limit growth rates higher than in the 80s were 

sel for Sub-Sahara Africa (2.51 p.a. instead of 2% p.a.) and West Asia and North 

Africa (2.81 p.a. instead of 21 p.a.). This implies nol only better weather condi­

tions but, as supported by a large consensus among International Organizations, a 

sound price policy and a vigorous agricultural development effort. 

The growth of the North, exogenously set in the model, was deliberately taken 

at. a level not much higher than in the 80s, so as lo remain on the cautious side. 

More precisely, developed market economies were expected lo grow at a 3.11 rate 

per annum. while Eastern Europe, benefilting from better energy prices, more 

liberal trade conditions, and successful economic reforms, grew al e. 4.5 I annual 

rate. 

There is one more ;>olicy assumption, perhe.ps the most powerful contribution 

lo the solution of the debt problem. The low growth re.le of the North, if matched 

with a liberal trade management, is likely lo result in large trade deficits with 

developed ~ountries. Full acceptance of such deficits was assumed on behalf of 

governments of developed countries over the YJhole decade. The implication is that 

little feedback of the growth of lhe South was e.llowed lo permeate economies of 
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t.he North. Provocative as this may seem, it. is far more rational than the present 

situation when high interest. financial rat.es inflate t.he debt. burden, while prot.ec­

t.ionism prevent. debt.ors t.o gain export earnings. 

The growth assumptions for t.h~ Nort.h and growth results for t.he Sout.h are 

shown below (see Table 22). As can be seen, the developing market. economies 

reach in this scenario an exceptionally high growth rate of 6.91 p.a., oft.he same 

order as that. set. for t.he development. decade, but. wit.h a large spread among 

regions: 

Table 22. GDP annual growth rat.es from 1990 t.o 21JOO. 

Base-line scenario Base-line scenario 
1980s 1990s 

(A) Developed Market. E's (DDM) 2.6 3.1 
(B) Eastern Europe 3.5 4.5 
(C) Developing Mar-ket E's (DGM) 3.3 6.9 
(D) CPE, Asia 5.0 5.0 

(E) DDM + DGM 2.7 3.9 
(F) (C/A) ratio (1.3) (2.3) 
(G) World 3.2 4.1 

The ranking of growth rates by region may seem surprising, especially t.he 

fact. that. t.he growth leaders, in t.he 1990s, are West. Asia and Lat.in America and no 

longer South and East Asia (Table 23). The explanation lies in the rise in energy 

prices, along t.he lines of IIASA forecast. in Annex 4. The higher the energy price, 

t.he higher the growth of major oil exporting countries, which are assumed t.o be 

localed in West-Asia-North Africa and Lalin America as t.hey are now. 

Table 23. Regional GDP growth pat.tern in t.he 1990s (1 p.a.). 

Lalin America: 7 .8 

Sub-Sahara Africa: 4.2 

West. Asia-North Africa: 8.5 

Indian Sub-Continent.: 5.0 

East. and South-East. Asia: 6.5 

CPE,Asia: 5.0 
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In Table 22, the growth ":'"atio between South and North (2.3) appears at first 

glance relatively high as coir.pared lo the exceptionally low figures of 1.3 of the 

80s. This is direct consequen::e of trade conditions simulated here - i.e., the 

further penetration of manufactures from the South into the North. As expected, 

the South, Uaanks lo this growth differential is able lo repay part of its debts. As 

already noted, this implies an acceptance, by many countries in the North, of a 

"structural" trade deficit vis a vis debtor countries, over a decade or more. Even 

if '.his is not usual by historical standards, it can be taken as measuring the t.ime 

period (several decades for Sub-saharan Africa) required by the South lo repay 

their debts. Needless lo say, there are many alternative financial arrangements 

which might be worked out lo shorten repayment periods but this was left outside 

the scope of the study. 

The trade in manufactures is illustrated in Table 24. 

Tabl~ 24. Trade in manufactures (in percentage of world). 

1990 2000 

Developed Regions 89.7 79.4 
Developing Regions 10.3 20.6 

of which 

Lalin America 2.4 5.7 
Sub-Saharan Africa 0.4 0.6 
West Asia 0.3 1.7 
Indian Sub-COnlinenl 0.6 1.3 
East Asia 6.0 10.8 
CPE's Asia 0.6 0.5 

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 50% lot.al manufactures exports of the South, and Latin 

America, another 28%. Intermediary products, in manufactures exports, becomes 

the first commodity group (around one third), followoo ::,y equipment and machinery 

(30%). 

However, the proportion of exports of Intermediary products on total 

manufactures export is highly variable from region to region. The following fig­

ures are supplied by the model for the year 2000 (Table 25). 
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Table 25. Proportion of intermediary products on l-:>t.al manufact.ures exports in 
year 2000, by region (in%). 

I.at.in America: 
Sub-saharan Africa: 
Wesl Asia-North Africa: 

28.3 
84.4 
58.9 

Indian Sub-Conlinent.: 
Easl & Soulh-East. Asia: 
Cent.rally Planned Asia: 

22.5 
29.8 

4.4 

This cast. of figures is highly suggestive. High proportions of exports of 

inlermediary producls as found in Africa and Wesl-Asia, t.wo natural resource­

endowed regions, while much lower proportions between 20 and 30% are found in 

lhe mosl industrialized regions of lhe Soulh. This suggests again t.wo pat.t.erns of 

internat.ional division of labor. The firsl would be largely based on "Ricardian" 

t.rade, i.e., on natural resource endowment., whereas. in lhe ot.her, int.ermediary 

products would be domestically processed and export.ad in the form of finished 

goods. This is already lhe case for new industrializing count.ries in the 1980s bul 

is likely lo develop on a larger front in the three regions identified by the model, 

Latin America, Soulh Asia and Soulh-East. Asia. 

General Conclusions 

Two major policy conclusions emerge from these simulations. On the 

macroeconomic policy side, this study illustrat.es one possibilit.y of achieving a 

much belt.er world equilibrium lhan is likely lo result. from the continuation of 

present trends. With a more liberal management of world trade - even allowing for 

a long adjust.men!. period for the North - and a political will lo solve the indebt.ed­

ness prooic.m, much higher growth rat.es can be achieved in developing areas and 

(alt.ho'jgh it was not explored here) in developed countries. 

At the same time, as conslrlered in this study, such higher growt.h of the world 

economy would permit. a fast. development. of energy and capital intensive tndust.rles 

in the South belonging t.n what is called here the basic products or the primary 

processing sector. This development., a was shown, which conform to a rational 

international division of labor in t.te energy-endowed South, would comply with 

reasonable 8SS\1mptlons on the likely development. of the energy sector. At any 

rate, the high growth of energy consumpt.lon in the South resulting from the 

development. of the primary processing sector would altogether alleviate world 

energy demand (and therefore lower enerey prices) as compared with a continua­

tion of the present concentration of the industry in the North. 
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To sum up, industrial redeployment in the primary processing industry not 

only lends lo achieve a better South-North balance of the manufacturing sector 

alone policy lines advocated by UNIDO, but il also contributes lo an optimal use of 

scarce energy resources al the world level. 
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ANNEX 1. Terms of Reference 

The work will be carried out in the following areas: 

{a) A historical analysis of energy intensities. This 
will review changes in such intensities especially with respect 
to changes in price for developeo and as far as possible for 
developing countries, and for different branches of economies, 
especially for industrial branches. 

{b) A review of present estimates of energy resources 
by type and by region. This review would be directed towards 
preparing estimates of future availabilities of energy supplies 
for the years 1990 and 2000, in non-renewable energy sources 
in the year3 raentioned. The implications for investment costs 
associated with such levels should also be examined. 

{c) The incorporation of conclusions from the above work 
in scenarios of industrial development to the year 2000. 
Prepared with the aid of the UNITAD model, these scenarios are 
to be refined by the inclusion of material from the study of 
energy intensities and of supply, including as far as possible 
an examination of the trade and structural effects implied by 
the scenarios. 

(d) Derivation of conclusions on the policy implications 
of the scenarios, especially with respect to {i) the implica­
tions for industrialization of the developing countries; and 
(ii) co-operation possibilities {North-South and South-South) 
in the energy field. 
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Annex 2. 

ESTIMATES OF THE llAXlllU1I POTENTIAL OUTPUT 
OF THE ENERGY SECTOR 

Modeling the supply and demand of exhaustible resources without first defin­

ing the maximum availability of these resources would mean that only very s!lort­

lerm conclusions could be drawn. Therefore most modeling systems designed for 

projections of "energy futures" are based on estimates of ultimately recoverable 

resources of primary energy. The scarcity of a product al any given time is then 

nol only defined by its absolute availability bul also by its production cost. 

The IIASA energy modeling system is based on estimates of ultimately recover­

able resources of primary energy broken down by cost categories for seven world 

regions (Table 2-1). Table 2-2 summarizes these estimates. Given these estimates 

of total energy resource availability, lhe maximum potential outputs from each 

source are then estimated. This not only calls for consideration of geological 

potentials bul also requires assumptions regarding economic, technical, and 

environmental constraints. These include build-up constraints, reflecting the tem­

poral and financial factors involved in introducing new capacity, as well as 

environmental constraints (e.g. the wast.es that result from oil-shale product.ion 

and the lack of adequate water supplies both strongly restrict the development. of 

this resource). On the basis of these constraints, maximum potential production 

profiles are estimated. The estimates used in the IIASA energy-supply model MES­

SAGE (Model for Energy Supply Systems And their General Environment.al impact.) 

are presented in Table 2-3. Since for some energy carriers in some particular 

regions no constraints are built into MESSAGE, and also in order t.o evaluate the 

given limits, projected outputs (aft.er balancing supply and demand within the IIASA 

model system) are presented in parentheses. In the case of alect.ricit.y a1 • ..i ;.eat 

generation, projected installed capacities are given instead of projected out.puts; 

these capacities (approximately 501 of out.put of electricity generation), shown in 

parentheses, may serve as estimates of the upper limits on product.ion. 
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Table 2-1. The seven world regions used in t.he IIASA energy modeling syst.em 
(Hafele 1981). 

Region 

I 

II 

III 

Areas included 

Nort.h America 
(Canada, Unit.ed Slat.es) 

Soviet. Union and 
East.em Europe 

West.em Europe, Japan, 
Australia, New Zealand, 
South Africa, Israel 

IV Lat.in America 

Region 

v 

VI 

VII 

Areas included 

Africa (except. Northern 
Africa and Sout.h Africa), 
Sout.h and Sout.heast. Asia 

Middle East. and Northern 
Africa 

China and Cent.rally 
Planned Asian Count.ries 

Table 2-2. Summary of est.imat.es of ult.imat.ely recoverable resources by ccst. 
cat.egory. 

Resource Goal" Oil Nat.ural Gas Uranium 
(TWyr) (TWyr) (TWyr) (TWyr) 

Cost. Cat.egoryb 1 2 1 2 3 1 2 3 1 2 

Region 
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 Bl 110 17 12 14 1 64 
v 55 52 25 5 33 16 10 14 6 95 
YI <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 57 362 

a For coal, only ~ part of the ultimate resource (""" 15 percent.) has been included 
because the figures are already very large for the t.ime horizon of 2030 and be­
cause of the many uncertainties about very long-term coal resources and pro­
duct.ion t.echnologies. 

b Cost categories represent. estimates of costs eit.her at. or below t.he staled volume 
of recoverable resources (in constant. 1975$). 

For oil and natural gas: Cat..1: 12$/boe 

Cat.. 2: 12-20$/boe 

Cat.. 3: 20-25$/boe 

For coal: Cat. 1: 25$/t.ce 

Cat.. 2: 25-50$/t.ce 

For uranium: Cat.. 1: 60$/kgU 

Cat. 2: 60-130$/kgU 

Source: IIASA (1981). 
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Table 2-3. Implied theoretical upper limits for maximum extraction of primary 
energy sources and mi:lXimum production of secondary energy (GWyr/yr). 

1980 1990 2000 

Region I 

Goal 650 (679) 1100 (797) 1500 (935) 

Oil 680 (715) 935 (863} 1235 (907) 

Gas (743) (776) (779) 

Elactricity and heat 
Hydro 55 (123) 63 (149) 73 (188) 

Nuclear 42 (63) 99 (59) 220 (69) 

Other (434) (427) (489) 

Total (620) (635) (740) 

Liquids 
light (898) (940} (949) 

fuel (1142) {1155) (1095) 

Coke (44) (41) (38) 

Region II 

Coal 875 (830) 1380 (1240} 1675 (1560) 

Oil 710 (710) 770 (750) 820 (820) 

Gas 465 (460) 770 (640) 1045 (780) 

Electricity and heat 
Hydro 24 (27) 36 (41) 46 (53) 

Nuclear 19 {27) 52 (75) 106 (142) 

Other (440) (634) (880) 

Total (494) (750) (1075) 

Liquids (626) (698) (767) 

Coke (0) (0) (0) 

Region Ill 

Coal 550 (498) 650 (528) 800 (578) 

0·1 l. 485 (195) 490 (225) 405 (261) 

Gas 310 (247) 330 (300) 350 (367) 

Electricity and heat 
Hydro 74 (171) 75 (183) 75 (187) 

Nuclear 33 (58) 90 (114) 219 (207) 

Other (413) (485) (638) 

Total (642) (782) (632) 

Liquids 
light (662) (630) (631) 

fuel (505) (400) (286) 

Coke (126) (125) (131) 
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Table 2-3. Continued. 

1980 1990 2000 

Region JV 

Coal 38 (75} 85 (38} 140 (85} 

Oil 365 (388} 545 (413} 755 (524} 

Gas (70} (109} (183} 

Electricity and heat 
Hydro 20 (50) 32 (96) 50 (149) 

Nu:::Lear 8 (0} 33 (5} 73 (Hi} 

Qt.her (30} (49) (62) 

Total (80) (150} (226} 

Liquids 
ligt.t (226) (284} (415) 

fuel (200) (146) (136) 

Coke (8) (13) (19) 

Region V 

Coal 170 \93} 320 (151) 450 (241) 

Oil 350 (321) 445 (371} 495 (403) 

Gas (47} (110} (186) 

~!c...:tricity and heat 
Hydro 16 (31) 24 (64) 45 (137) 

Nuclear 7 (2} 25 (B) 56 (39} 

Other (46) (89) (103) 

Total (79) (161) (279) 

Liquids 
light (117} (216} (347) 

fuel (99) (112) (110) 

Coke (20) (31} (41} 

Region VI 

Coal (1) (2) (9) 

Oil 1330 (1-176) 1470 (1308,' 1760 (1214) 

Gas (71) (110) (206} 

Ele.:t.ricity and heat. 
Hydro 2 (5) 2 (6) 2 (7) 

Nuclear 7 (0) 25 (()} 55 (0) 

Other (16) (40} (80) 

Tot.al (21) (46} (87) 

Liquids 
light (122) (180} (272} 

fuel (82) (84) (78} 

Coke (1) (1) (2) 
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Table 2-3. Conti.nued. 

1980 1090 :?000 

Region VII 

Coal 500 (470) 1206 (670) 2000 (917) 

Oil (143) (210) (322) 

Gas (20) (51) (170) 

Elect.ricit.y and heal 
Hydro 5 (9) 6 (3) 8 (20) 

Nuclear 6 (0) 25 (2) 55 (5) 

Other (30) (54) (91) 

Total (39) (69) (116) 

Liquids 
light. (llQ) (177) (316) 
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Annex 3. 

CAPITAL REQUIREMENTS IN THE ENERGY SECTOR 

This part~ of the report reviews current. capital cost.s in the energy sect.or. 

Various sources or information have been used. Much of the dat.a comes from IIASA 

inlernal sources based on engineering infonnalior. and is presenUy being ulilized 

within the IIASA syst.em or energy models (Roper 1984). But. the rewlt.s of other 

studies were also used, tncludinv IIASA (1981), IEA (1983), Becht.el National Inc. 

(1978), and MWV (1983). 

In lhis sect.ion we will examine in t.urn lhe following energy industries: oil and 

gas exlraclion, coal exlract.ion, ut.ililies, and oil refineries. 

Oil and G.. hlraclion 

Average capital cost.s associaled wilh oil and gas exlraclion are hard t.o esti­

male reliably. first. because cosls vary significant.ly from counlry t.o counlry, and 

second because or lhe difficullies of ract.ortne ex:ploralton costs int.o overall pro­

duct.ion cosls - since exploralion is usually ~ on a well basis and not in terms 

of lhe amount of oil it.at. might be ut.racled. One possible met.hod might be t.o 

relale current expenditure on e11:ploralion lo current. product.ion; on this basis, 

lhe IEA (1983) reports exploration costs of 3-5 US S per barrel of oil produced. 

Estimates of the investment requirement.s for oil and gas product.ion (exclud­

ing explorat.;on and t.ransporl cost.s) are present.ed in Tables 3-1 and 3-2 and show 

lhe wide variety of capital requirements, depending upon ee:>graphical \ocalton 

and exlract.ion condlUons. In general, very low cosls are observed for major oil­

producing areas (such as Saudi Arabia, Libya, and Aleeria). Conversely. non-OPEC 

oil producers such as North America or lhe European North See count.Mes have 

much higher cost.a. 
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Table 3-1. Average capital requirements for oil and gas production. 

Cat.egory 

Oil (per ba.rrel per tta:11) 

Conventional low cost 
Convent.ional m .. :iimn cost 
Convent.ional high cost 
Enhanced oil recovery 
Heavy oil and tar sand 
Oil shales 

Geis (per Ua.ousand cubic feet per da.11) 

Low cost. 
Medium cost 
High cost. 

Source: IEA (1983). 

Coal Estraction 

Capital requirement (1983 US S) 

170-11420 
1200D-14000 
14400-119000 
24800 
37200 
37200 

1900 
3000 
6000 

Capital costs for coal product.ion (Table 3-3) vary not only bet.ween the major 

produ.'!ing regions but also within each rqion, depending on whether the develop­

ments con~:::"!'Arl are surface or underground and whether or not. new capacity is 

generated via increased production from existing mines. The comparatively low 

average capital requirements for west.em Europe reflect the fact that most new 

capacity in that region stems from existing mines. 

Utilities 

Ut.ilit.ies cover a wide range of different techniqu,"?S used t.o produce elecUi­

clty or steam. However, the distribution of ras and st.eam, which is nonaally 

included as part. of utilities, will be excluded here. The capital cost of electricity 

renerally depenes heavily on the mode of renerat.ion. While the capital require­

ments (in 1980 US S) of a convent.tonal boiler-fired power plant vary bet.ween 450 

and 1150 us S per kW capacity, dependlna mostly on whet.her or not fine res desul­

phurlzation (FGD) is utilized; the correspondtnr flrures are about. 1500 S per kW 

for llabt. water react.ors (LWR) and about. 2500 S per kW for hydro power plants. 

Table 3-4 presents details of investment cost.a by countries and by renerat.ion t.ech­

nlquM. 
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Table 3-2. Capital requirements for oil and gas production by regions and areas. 

Regions local conditions 

Africa 
Major oil producers 
Other 

Australia 

South America 
Major oil producers 
Other 

Europe 
North Sea 
Other 

Far East. 
Majer oil producers 
Other 

Middle East. 

North America 

Loca.L conditions 

Giant. fields 
(Saudi Arabia, Libya, Algeria) 

Oil 
Gas 

P.elalively favorable conditions 
(USA, Nort.r Sea) 

Oil 
Gas 

Extreme conditions 
(deep offshore, polar regionsj 

Oil 
Gas 

Sources: IEA (1983), IIASA (1981). 

Capital requirement. (per barrel 
oil equivalent. per day) 

1978US$ 

535-3310 
1846-5078 

2673-298,549 

644-31719 
9212-23963 

6088-8908 
2710-57. 791 

807-1785 
2817--90118 

106-7290 

1800-76,000 

1975 us. 

4000-5500 
1600-3200 

7500-10000 
6500-10000 

28000-38000 
33000-40000 

A pet.rol8'1.J11l refinery incorporates a combination of prnoesses and operat.tons 

destened t.o convert crude oil, cont.ainina a mixture or more lhan a thousand dif­

ferent. types of hydrocarbon, into a varitty of usable products. In the first. st.a.re, 

the crude oil ts separat.ed int.o a number o' fractions by dislillalion. The number of 

different. fract.ions will be det.enained by t..'le t.ype of crude oil used. To adapt the 

product. miz of t.he refinery t.o t.he market., 90llle of t.he fractions for which there ts 
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Table 3-3. Capital requirements for coal cxt.ract.ion. 

Area Capit.al requirement. 
{1983 US $ per t.on per year) 

Sout.h Africa 
Aust.ral.ia 
Canada 
Great. Brit.ain {new sit.es) 
Average west.em Europe 

49 
69 

116 
150-250 

33 
r ... east. developed count.ries >100 

Source: IEA (1984). 

Table 3--i. Capital r,iquirements for elect.ricit.y generaUon. 

Count.ry 

Boiler fired. power pLa.nts 

Denmark (wit.hout FGD) 
Japan {wit.bout FGD) 
USA (wit.hout FGD) 
U!;A {wit.h FGD) 
fRG (wlt.h FGD) 
Japan (wit.haul FGD) 
Sweden {at.mospheric fluidized bed boiler) 

NucLea.r power pLa.nts 

Denmark (LWR) 
fRG (LWR) 
Japan (LWR) 
Swit.zerland (LWR) 
USA {LWR) 
fRG (advanced convert.er react.ors) 
Japan (advanced converter react.ors) 
UK (advanced converter react.ors) 
USA (advanced convert.er react.ors) 

l/ud.ro power pl.ants 

Swlt.zerland (runs of river) 
Swit.zerland (hydro-storage) 
Japan 
USA 

Capit.al requirement. 
(1980 US S per kW) 

450-540 
578 
725-975 
880-1150 
789 
902 
-;·90-950 

1390 
1657 
1442 
2071 
1400 
2010 

960-1466 
2645 
1500 

2520 
2710 
2378 
1500 

a low demand are converted int.o naore saleable products. In lat.er st.a1re<J, t.here­

fore, t.he fract.lons are further t.ransfonn9d int.o products of lower molecular 

wei1rht. ("crackin1r") or hi1rher molecular wei1rht. ("reformln1r") before additional 

purificat.lon and distillation steps. The capit.al costs of t.he refinery depend t.o a 
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certain extent on whether simple, thermal refining and reforming processes or 

more advanced techniques, such as catalytic cracking, hydrocracking, or vis­

breaking, are used. 

Table 3-5 shows the cai.it.al costs of different tyi:es of refinery. Due to a gen­

eral shirt to the use of heavier crude oils, as lighter crudes become exhausted, 

refining facilities need to become more and more sophisticated, and therefore the 

average capital requirement per unit of throughput will propressively increase. 

Table 3-5. Capital requirements for refining. 

Process 

Simple refining, including reforming 

Complex refining, including catalytic 
cracking imd vishreaking 

Deep refining, including deasphalting 
and hydrocracking of residues 

Capital requirement 
(1983 US $/ton/year) 

25 

92 

345 
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Illl Poll .... .. ••• • .J-.ry 1915 

Includes only thoee rnpooa• elated 1983 or later. 

Organization/project 

ASSU 

BUICE 

IP 

CEC, CECCP, 
C!CIU, 
C!CFC 

C!RG 

CHASE 

CI!SH, 
CI!SL 

CON 

A8eric:an Gu .Aa•odatioa - baee, 
lov, bigb demand, Bay 1984 

Acedemy of Sdnc:e8 of tbe USSR., 
.June 1983 

BALARCE Cn•dfen Energy Model, T.E. 
Dmdel and H.K. Goldberg, Ua:fveraity 
of Alberta, January 1984 

Brookhaven latioaal Laboratory, 
1983 

British Petroleaa, October 1984 

ec-iHioa of tbe European 
Ca •nftiee - c:ooperati0111 

Europe, and free co.petition 
acenarioa, and r-ult• identical 
for all 3 eceaario•, .June 1983 

Caabridge Energy le•earcb Group, 1985 

Chae Manhattan knit, March 1983 

Chevron Corporation, July 1984 

Center for International Energy 
Stu.die•, Ir.._ UniY•r•ity - bigb 
and low energy growth, October 1984 

Conoco, April 1984 

Last Year Country/Region 
Reported Cc>Terage 

2000 

2010 

2000 

2010 

2000 

2000 

201!> 

2000 

2010 

2010 

2000 

USA 

USSR. 

Caned a 

USA 

4,7, .5+6, 
Ola> Europe, USA 

lelgiua,Denmark, 
Federal Republic 
of Geruny, 
France, Greece, 
Ireland, Italy, 
Lmeabourg, 
letlu!rlands, 
United llngdoa 

4,7 

7 

4 

3-8 

4-7, s+6, Africa 
uia, Japan, 
Latin -.r:fca, 
Kiddle ~t. 
OEa> Europe, 
Other O!a>, USA 
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CIIEll. 
CIIEI.. 
CUD. 

DIDI>! 

DOI 

DII 

Dllll 

!li 

!KI 

EPUK. 
!Plltl 

EIIEA 

!SCI 
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Central PLuming Office. Netherland.a, 2000 
October 198-\ 

A. Craaaton, U.S. Senate, Auguat 1983 2000 

Central leaearch Iutitute of Electric 2010 
Po•r Iadutry - high, low and reference 
GRP growth, lioYeaber 1983 

CZecbodOYakiaa Federal Mini•try of 
Fuel ad Energy. 1983 

Dani•h llbd•try of !aargy, 1983 

US Depart-nt of Energy. Office 
of Economic Anal.J8is, January 1985 

&ata Raaourca Inc.• Roveaber 19! ~ 

Dill Europe, Septeaber 1984 

UI EcoDOllic eo-iHiOD for Europe, 
General Energy OD1 t. ·u Efficient 
Energy Future,· March 1983 

2000 

2000 

2010 

2000 

2000 

2000 

OS Energy lnfo:mation Adllini•tration - 1990 
1990 mdpric:a •c:anario, 1984 

Ent• Hazioaale ldrocarburi, 1983 1990 

o. Yu, Electric Power ia•earch 
laatitute - aini- aad reaaoaable 
upectatiou, December 1983 

2000 

J.!dmonds and J. Railly, Io.stitute for 2000 
Energy Analysi•, July 1983 

Energy Study Cantre, Retberland•, 
Decaaber 1984 

ETA-MCIO, J.-L. Abuno, A.S. Maane 
aad s. lagers, Trinational Project, 
January 1985 

2000 

2010 

Hetberlande 

USA 

Japan 

Czecboelovaki • 

Denaark. 

4-7, USA 

4,5,8. USA 

OEC> Europe 

l, USA 

4,7, 5+6, OECD 
Europe/Horth 
America/Pacific 
4 

USA 

1-4,7,8 
Middle Eat, 
Other urk.et 
ecollOlliu 

Retberlaads 

Calulda, Mexico 
USA 
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ETSBD. Energy Tectmology Syn- AD&l.yah 2010 Auatralia, 
ITSLD Project of the International Energy Auatria, 

Agency - high and lov dewand cuH, lelgiua. 
1983 Pederal 

Republic of 
Ger.any. 
Ireland. Italy, 
Japan, 
lletberlands, 
Ronray, Spain, 
Swcleu, 
Switzerland, 
United liugdo., 
om. ted States; 
Sua of 14 
IIA countries 

GATLY D. Gately, Bew York Oni•ersity, 1983 2000 5,7 

GRVBD, Uuiversity of Gene•• - baae, high 2000 Switzerland 
GHVBD, and lov deund, .Aquat 1983 
GHVLD 

Gil Gas Research Institute, October 2000 USA 
1984 

GOLl'C, Gulf Oil Corporation, 1cono111.~.1 2000 7, USA 
GIJLPll, Dinsi011, slov cllab, bard ti ... 
GUL1P and plateau scenarios,. Dec•ber 1983 

BBPO Hungarian liatioual Planning Office, 2010 Hungary 
Energy Modeling Group, January 1984 

IAUll, International Atomic Energy 2000 4, Eastern 
UIW. Agency - high a"ld lov dee.end Europe, 

Septeaber 1984 Latin America, 
OECD Europe/ 
Horth Aaerica/ 
Pacific 

Ill International Inergy Agency, 1984 2000 4 

IFPP, 
... 

Iustitut Pra~s du P•trole - 2000 3-8 
IPPK, solid and llOderate r.,,ival, 
WPS stapat1011, Sept-ber 1983 

Ir.ACS International Institute for Appli.S 2010 OECD Europe 
Syst._ Mal.yd• - gu study, July 1984 

IUSA International Institute for Appl1.S 2010 1-4,7-8 
Syst._ Analysis, loveaber 1983 



DllST 

IHD 

IP! 

ISP 

JA!ll 

LEOI 

HERZ 

NCO DP 

OBENA. 
OBED 

OLAD! 

OPEC. 
OP!CD 

PILOT 

PIUC 
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J. Brady, National Board for 2010 
Science and Technology, Ireland, 
A!>ril/May 1983 

Standard 011 Coapany of India.a, 2000 
May 1984 

IPI !blel, R. Qioucri, MuHchuecca 2000 
Iuticuce of Tecbaology, April. 1984 

1..-P. Moeller. ISP Ener11 Projecciou. 2000 
1983 

Japaa AtOllic Energy laearch 2010 
ID8ticute. Karch 1983 

V • .J. Scllllidc. Univenicy of H11!1.ag 2010 
and Mllcalluqy, Laoben. 1983 

H. MeDagor•, Ecoaomc Analysis 2000 
Division, EHEA. Juaa 1983 

Hacioaal tuar11 Board, September 1984 2000 

Interratioa.al. Ilatural Gaa Study, 1990 
Ban-ard University. and cbe OPEC 
Dovnatr ... Project, East-Wast Center. 
B. ltoeaavar-labmani and r. PHbaraki, 
1983 

Horv.gian loyal !U.nistry of Petrol•~ 2000 
and Energy. 1984 

Ireland 

1-8, Other 
Markee, Other 
CP! 

4-7 

Federal Republic 
of Germany 

Japan 

8 

Italy 

Canada 

5; Algerta.Ecua­
dor .Gabon. Indo­
aesia.Iran,Iraq. 
luvait,L1bya. 
Nigeria.Qatar, 
Saudi Arabia, 
United Arab 
~rat .. , Vene­
zuela 

Morvay 

Obeen-atoire de L'Eurgie - scenarios 2000 Prance 
A aad 1. January 1983 

"' OrganJzacioa Lacinoamaricana de 2000 Latin Allerica 
Energia. May 1983 

Orgmdzatioa of Patrol~ !xporciag 2010 4-7 
Couotrl• - loac-tera energy mclela, 
domutic eae::IJ' require•ata, 1983 

PII.al' Model, p.a. Mc.Allister and 2000 USA 
Modal, Stanford University. March 1984 

Petroleua lnda9try lesearch fouadatioa, 2000 
lac., Septeaber 1983 

3,7,8 



IEGID, 
REGBD, 
IEGLD 

DSPR 

DSPI 

DSP.J 

DSPM, 
USPP 

IOL 

IOWSE 

SADIS, 
SADRV 

SllLLM, 
SBLLR. 

SIIGR. 

SKIEl, 
SKIE2 

SMIL 

TATA 
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L. Lundqui•t, luearch Group for Urban 2010 
and lagional Planning - base, high and 
lov deund, 1984 

Respondent R, 1983 2000 

lespoodent I, 1983 2000 

R.espondent J. Karch 1984 2000 

le•pondeut It, L, Dec:eater 1984 2000 

Ra•poadant M, P • December 1984 2000 

It. loland, Central Bureau of 2000 
Statistics, liorvay, February 1984 

.J. tone, uu·~venity of Calgary, 2000 
ROY-ber 1984. 

a. Saunders, TU~r.o, aooth ad 2000 
volatile •cenario•, January 1984 

Shell International - auddliug- 2000 
through ad rutructuriag, Deceaber 
1984 

S.F. Singer, 1983 2~!0 

Spanish Ministry of Industry and 2000 
Energy - •cenario• 1 and 2, 1983 

v. Sail, Un.iver•ity of Manitoba, 1983 2010 

Swedi•h Rational Energy .Adtdn1•tratio11, 1990 
Decaber 1984 

a.~. Pachauri, Tata Energy ... earcb 
lnsti tote, 1983 

2010 

Swden 

Japan 

7; 5+6, Japan, 
011'.a> Europe, USA 

Can•da, M6xico, 
USA 

4,5, USA 

8 

OECD Europe 

Canada 

3-7 

7, 8 

4 

1,2,8, Africa, 
Japan, Latin 
.Allerica, 
Middle East, 
O!a> Europe/ 
Horth Merica/ 
.Allerica, South 
Mia, Southeast 
Mia, and 
Australasia 

2,8 

Swden 

India 
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'UVRI. TAVARIR. Corporaeion, Energy IU.ninry 2010 Iran 
of Iran, April 1984 

TIT4,Tm 311' Model, A. s. Manne and p. v. 2000 4-7 
Preclcal, Stanford Uni'!eratcy -
elaaticiti.. of OECD oil deaaud 
substitution • .40 •• 60. Deceaber 1983 

Ull Uuited llatiou Statiatical Office, 1980 1-! 
.JUDls 1984 

UllIDO Uuited llatiom Ind.uatrial Developmnt 1990 2, Eaateru 
Organization. Pebruary 1983 !urOt>•t 

• 
Japan, Latin 
America, OEQ> 
Europe/North 
AMrica 

Vil World Bank. 1984 1990 1-8 

WECHG, World Energy Conference - high and 2000 1-3.7 .s • .5+6. 
WECLG low growth, Dec:eaber 1983 Africa South of 

Sahara. Latin 
America, North 
Africa aad IU.ddle 
Eaat 9 OEQ> 
Europe/ North 
Marica/ Pacific, 
South Aaia 9Soutb-
East Asia 

WILPP, J. Willar•. policy prcjection aad 1990 Meld.co 
WILIP reference caaa, Kov.-ber 1983 
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Il'!ERIAnOl&L PR&CE DF CRaDE an. RESPUISES DlTID 1984-15 

lNO 1990 2000 2010 

llE>IJIS: 100.000 11.500 lot.GOO 141.000 

AGAllD 100.000 REXiLD 113.000 If.GU) 215.000 If.GU) 432.000 
AGARD 100.000 IPE 125.300 BLICE 211.000 ma 111.000 
AGALD 100.000 RECll) 122.000 PILOT 112.000 amll 111.500 
BLICE 100.000 BLICE 121.000 SIDIS 153.GOO DOE 164.500 
BP 100.GOO ESCI lCHS.000 RECll> 149.000 ET.Ill: 164.500 
C!llG 100.000 .. lCHS.000 RESPP 144.GOO IW:S 141.000 
anu 100.000 CPOI 105.000 CPOI 140.000 CEllC 140.000 
CIESB 100.000 ROL 105.000 AGALD 132.000 lllI 10&.000 
CIESL 100.000 jG&ll) 100.000 ESCI 130.000 llEGll) 82.000 

I 
CPU 100.000 AGW> 100.000 IPE 121.200 CIESL 70 000 . 
DOE 100.000 IW:S 100.000 AGAID 122.GOO CIESB 55.000 
DBI 100.000 SIE& 91.000 IIAGS 122.000 
DRIE 100 000 SADIS M.000 CEllC 120.000 
EU 100.000 PILOT 92.200 ROL 120.000 
ESCI 100.000 RESPI'. 91.000 amm 113.800 
ETAllC 100.000 EU 90.000 HIPD 110.GOO 
HIPO 100.000 HIPD 90.000 DRIE lot.GOO 
IU 100.000 REallD 90 .• llESPJ lOl.GOO 
IUGS 100.000 AGAll> II.GOO DOE 105.500 
IPE 100.000 IllIE 89.000 ETJll: 105.500 
IEB 100.000 CIESL 17.500 RESPI 17.GOO 
EIPE 100.000 RESPll 11.000 RESPll 15.GOO 
PILDT 100.000 CEllC I0.000 lllI 92.GOO 
!IECll) 100.000 RESPP 71.000 .&alHD 89.GOO 
R£GHD 100.000 anu 74.900 IEI 81.000 
RF.GLD 100.000 llESPJ 73.000 RESPL 83.GOO 
RESPJ 100.000 CIESB 72.500 • 12.200 
RESPI 100.000 IEB 72.000 IRllPE 12.000 
R£SPL 100.000 RESPL 70.000 REGHD 12.000 
RESPll llJ0.000 IRllPE 15.000 IE& 71.000 
RESPP 100.000 DOE 64.IOO ROIS! 71.GOO 
ROL 100.000 ETAll: 14.IOO CI ESL 75.000 
ROISE 100.000 1111 14.000 CIESll 15.000 
SIDIS 100.000 ROIS! 14.000 
SIE& 100.GOO • 12.500 .. 100.GOO ID 51.IOO 



• 

-110-

ANNEX 5. 

REFERENCES 

Alber, S. (1983) Analyse der EnergiestrOme bei der Produktion 
von Nahrungs- und GenusSI!litteln. Dissertation. Wirt­
schaftsuniversit3t Wirn. 

Bayer, K. (1982) Energieverbrauch und EinsparungsmOglichkeiten 
in der Industrie. Monatsberichte des Osterreichischen 
Instituts fQr Wirtschaftsforschung, 1. 

Bechtel (1978) Raw Material Requirement for Energy Development 
Programs, Bechtel Nat. Inc., San Francisco. 

Boustead-Hanccx:-k (1979) Handbook of Industrial Energy Analysis. 
Ellis Horwood, Chichester, UK. 

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

Burwell, C.L. (1982) Glass Makin~: A Case Study of the Form 
Value of Electricity Used in Manufacturing, Research 
Memorandum, Institute for Energy Analysis, Oak Ridge 
Associated Universities. 

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

Burwell, C.L. (1983b) Industrial Electrification: Current 
Trends, Research Me~~ranaum, Institute for Energy Analysis, 
Washington. 

Burwell, C.L. (1984) Electrification Trends in the Pulp and 
Paper Industry, Draft, Oak Ridge Associated Universities . 

Chateau, B., B. Lapillonne (1982) Energy Demand: Facts and 
Trends, Springer Verlag, Wien-New York. 

Doblin, C. (1982) Energy Savings and Conservation, Interim 
Report, International Institute for Applied Systems 
Analysis, Laxenburg, Austria. 

Doblin, C. (1983) The Breaking of the Energy Coef.ficient. 
Paper presented at the 7th Internatior.al Forum on New 
Energy Realities, New York. 

Doblin, C. (1984) Patterns of Industrial Ch~nge in the Federal 
Republic of Germany. Part I: Flows of Manufacturing Out­
put and Energy Input. WP-84-73, International Institute 
for Applied Systems Analysis, Laxenburg, Austria. 

ECE (1983) Strategy for Energy Use in the Iron and Steel 
Industry, United Nations, New York. 

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



-111-

!EA l198~} Coal and the Costs of Energy, Working Paper No. 64 
by Ray Long, Economic ~ssessment Service, IEA Coal 
Research, London. 

IIASA ( 1981} . H.!fele, U. et al. Energy in a Finite World. 
Ballinger, Cambridge, Massachusetts. 

Kouris, G. (1976) The deterrrinants of energy demand in the EEC 
area. Energy Policy, December. 

Lager, C. (1983) Analysis of changing energy coefficients in 
Austria, 1964-1980. In A. Smyshlyaev (Editor), Proceedings 
of the 4th IIASA Task Force Meeting on Input-Output Modeling. 
CP-23-SS. International Institute fo~ Applied Systems 
Analysis, Laxenburg, Austria. 

Marlay, R.C. (1984) Trends in industrial use of energy, 
Science, De=ember, pp. 1277-1293. 

Martin, J.-M., B. Chateau, P. Criqui, B. Lapillonne (1984) 
Diminution de la Consonunation d'Energie en France: 
Reaction Canjoncturelle ou Inflexion de Vendance de 
Longue Periode. Revue de l'Energie, April, Paris. 

Nordhau~, W. (1977) ll~ternational Studies of the Demand for 
Energy, North-Holland Publ. Co., Amsterdam. 

OECD (1983) Aluminum Industry, Energy Aspects of Structural 
Change, Paris. 

Ploger, E. (1983) Input-output analysis of the changes in energy 
consumption in Danish industries, 1966-1979. In A. 
Smyshlyaev (Editor) , Proceedings of the 4th IIASA Task 
Force Meeting on Input-Output Modeling. CP-83-SS. Inter­
national Institute for Applied Systems Analysis, Laxenburg, 
Austria. 

Proops, J.L. (1984) Modelling the energy output ratio. Energy 
Economics, January. 

Rogner, H.-H. (1984); IIASA '83 Scenario of Energy Development: 
Swnmary, International Institute for Applied Systems Analysis, 
Laxenburg, Austria. 

Sagawa, N. (1984) The role of energy conservation in Japanese 
energy demand structure and the future prospects. Energy 
in Japan. Bimonthly Report No. 67, January. Institute 
of Energy Economics. 

Sagawa, N., H. Kibune (1984) International Comparison of Energy 
Demand Structures-An Analysis of Energy, GNP, Electrici t!'. 
and Major Factors Contributing to Changes in Energy Demand. 
Energy In Japan. 

UN (1981) UN Yearbook on Industrial Statistics, Vol. 2, 
Cormnodity Production Data, United Na~ions, N.Y., N.Y. 



-112-

Zilberfarb, B., F.G. Adams :1981) The energy GDP relationship 
in developing countri~s. Energy Economics, October. 

& 




