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Preface 

The first version of this document was presented in 1982 at the request 

of the Special Advisory Group on Energy within URIDO. It was used as 

backiround aaterial for the UWIDO participation in the planning of the 

follow-up work to the United Rations Conference on Rew and llenevable Sources 

of Energy which was held in Rairobi in 1982. For this reason the repo"L·t 

discuases also questions concerning total energy consumption and supply, 

industrial strategies and future requirements of energy for industry in 

addition to the sectoral perspective. The document has nov been thoroughly 

revised. It is issued with the purpose to contri~ute to the underatanding of 

the energy problems ~f developing countries, particularly in connexion with 

the concerted development of their industrial and energy sectors, and in order 

tu highlight some of the results fr09 recent studies on selected sectors of 

industry and to sti11Ulate a discussion about the treatment of energy aspects 

in UWIDO'• sectoral studies. 
t 
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1. Introduction 

It is widely recognized nowadays that a real economic independence of 

developing countries can only be achieved th~ough the creation of diversified 

industrial structures which will be capable of meeting the basic requirecents 

of their economies and allow them to take en active and equal part in the 

international division of labour. 11\erefore, the industrialization process is 

a centrepiece in any uevelopment towards a new international economic order. 

Whereas there is a widespread consensus, both in industrialized and in 

developing countries, on the role of industrialization in the development 

process, there is much less agreement on the strategies to be followed and the 

choice of industrialization patterns and sectoral composition of industry in 

d~veloping countries. However, it is clear there can be no single model of 

the industrial structure for all developing countries; its concrete 

composition and proportions between various branches of industry for 

individual developing countries should be determined primarily by their 

natural resources with due account paid to the domestic economic structure, to 

the world context and to the possibilities of co-·operation among developing 

countries on sub-regional, regional and regional and inter-regional levels. 

Subsequently, in r~cent years stress has been put on attempts to avoid a 

duplica~ion of the industrialization patterns of developed countries through 

an indigenous industrialization based on processing and utilization of 

indigenous natural resources and adapted to local needs and prere1uisites. 

It is obvious that considerations of the supply and use of ene•gy gain a 

special weight in the context of industrialization choice of industr:alization 

strategies and sectoral distribution of industry. Furth~rmore, the efforts of 

developing countries to accelerate the progress of their industrialization 

coincide with substantial changes in the world energy situation when all 

countries reconsider their approaches to the problems of energy supply and 

consumption, und~rtake intensive measures to restructure existing energy 
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balances in order to decrease their dependence on oil and to rationalize 

consumption of energy in all sectors of the economy. It is widely accepted 

now that the world has entered a transitional period from the use of 

exhaustible resources of energy to ine:xhaustible ones, the so-called new and 

renewable sources of energy. 

One of the major topics of discussion in re~ent literature has been the 

question of how the energy sector in developi~; countries can learn to cope 

with the increasing pressure from the world energy markets. Lack of an 

adequate energy sector is now considered as an additional essential factor 

explaining the slow rate of growth of in•lustrialization in developing 
. 1/ 

countries- • 

Industrialization requires an adequate energy base and at the same time 

it provides conditions for the development of the energy sector and leads to 

the expansion of energy use in all sectors of the economy. 1llus energy 

aspects of developing countries' industrialization cover a broad range of 

issues and inter alia such important ones as: 

- total p~imary energy requirements of the developing L'untries in the 
light of their industrialization target, 

- prospects of meeting their future energy requirements which are to a 
considerable extent determined by the industrialization, and 

the interface between energy and industry and their interactions and 

- energy aspects of different sectors of industry. 

The present paper draws on other UNIDO papers such as ''World Industry in 

1980".Y, "Energy Development and Industrialization" and "Industry and 

Development"1/ and intends to consider some isBues with particular reference 

1/ See e.g. Lammas, Prem S. and Martin Williams, "Energy and Economic 
Development", Weltwirtschaftliches Archiv, Bd. 117, 1981, Heft 4, pp. 706-716. 

?) "World Industry in 1980", UNIDO, ID/269, United Nations, 
New York, 1981. 

3/ "Energy Development and Industrialization", UNIDO/OEA 135, 1982; 
"InJu;try and Development, No. 6, UNIDO, ID/SER. M/6, United Nations, New 
York, 1981. 
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to a number of branches of industry that are important from the 

ittdustrialization point of view and allow to show some of the ml'.in 

characteristic features of industry/energy interactions. Inasmuch as the 

energy aspects of industrial branches are concerned, it reflects the results 

of the work which has been carried out in the sectorial studies at UNIDO so 

far in this field. At the same time, an attempt is made to draw some 

conclusions regarding elements of an integrated energy and industrialization 

polir.y as well as to identify main directions of the studying of sectoral and 

intersect0ral energy aspects within the framework of sectoral studies in UNIDO. 

2. Energy requirements of developing countries 

2.1 Patterns of present comme7cial energy consumption 

2.1.1 By source of energy and group of countries 

Table 1 gives an overview of the structure of energy consumption by 

different groups of countries and by main sources of commercial energy and the 

changes between 1970 and 1Q80. 

The share of developing countries in total world consumpti0n of 

commercial energy is small (12%), but it grew relatively strong between 1970 

and 1980. In absolute terms their consumption of commercial energy has nearly 

doubled in this period. Also in the centrally planned economies, energy 

consumption increased rapidly. Combined with modest increases in the 

developed market economy countries, these trends led to a decreasing share for 

the latter group from 64 per cent in 1970 to 56 per cent in 1980. 

Developing countries and centrally planned economies show a relatively 

rapidly increasing per capita consumption of commercial energy. In 1980, 

however, in developed market economy countries it was still 13 times higher 

than in developing countries and 3 times higher than in centrally planned 

economies. More than the other regions, developing countries are dependent on 

oil {1980: 64%), whereas in the developed market economy countries oil plays a 

dominant but less important role {1980: 47.6%). 
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~~veloped marker economies and developing countries have reduced the 

si'ace of liquirls in their total energy consumption during the seventies, 

whereas tte centrally planned economies have increased this share. 

N~~·ertheless, in these countries solids are the .. jor energy sources in 1980 

(49.9%). 

Gas and electricity are of growing importance for all country groups. 

The main problems for the developing countri2s are the heavy ~ependence 

on (imported) oil and the production of sufficient a110unts of electricity for 

indcstrialization. The fact that most developing countries have to cover 

their oil consU11ption through impo1ts adds to their financing and balance of 

payments problem&. 

In t~e process of development and especially of industrialization, the 

input of electricity becoaes increasingly important. It can be expected that 

in the developing countries a growing share of primary energy vill be used for 

the purpose of electricity production. 

2.1.2 "nte share of industry and the i!portaoce of its 

different sectors 

Industry is a major consumer of com11ercial energy i~ the developing 

countries. In the countries for which data are available, the industrial 

sector accounts for one fifth to two thirds of total commercial energy 

consumption with an average probably of around 35 per ce'!J.t~·/. Moreover, the 

industrialization process tends to increase the energy requirements. 

The manufacturing sector in its turn is the .. jor c009umer of industrial 

energy. Information in most developing countries suggests that th~ 

manufacturing sector accounts for between 20 •nd 45 per cent of total energy 

consumption 

!!_/ "Finance and Development", December 1980, p. 12. 
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(see table 2). Obviously, the share of manufacturing ln energy consuaption 

varies not only according to its relative size in the total economy, but also 

according to the structure or composition of the manufacturing sector. 

Several factors determine the energy requirements, e.g. structural changes in 

favour of energy-intensive basic industries, increase in mechanization and 

automation of production processes, substitution of connercial for 

nor-commercial fuels, etc. Changes in the sectoral composition of production 

from light to heavy industries, constitute the main factor determining future 

energy intensity and growth of energy requirements along with the expansion of 

production itself. 

Industrial branches such as chemicals, iron and steel, non-ferrous metals 

and pulp and paper, are industries consuming high amounts of energy per unit 

of value added. Table 3, however, shows the shares of developing and 

industrialized countries in 1977/79 in several sectors which are under 

continuous study in UNIDO. It can be seen that the respective shares of 

developing countries are particularly low in energy-intensive sectors such as 

iron and steel and non-ferrous metals. In the course of industrialization ln 

developing countries, the share of heavy industry rises which •eans that the 

manufacturing sector as a whole becomes more energy-intensive and substantial 

increases of these shares will therefo~e have a considerable impact on the 

energy demand of developing countries. 

The increasing demand for energy associated with the development of 

industrial sector and particularly of manufacturing constitutes the 110st 

essential part of the energy requirements of industrialization of developing 

countries. 'nle another essential part of energy requirements is determined by 

the inCL·easing consumpt:.on of energy in other sectors of economy as a re11ult 

of industrialization. 

Conseque .t1y, future energy requirements of developing countries ln the 

light of their industrialization are treated below in the context of the 

existing macro-economic projections. 

l 
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Table 2. Share of the manufacturing sector in total energy consumption 
in r.elected developing countries, various years 

Country 

Algeria 
Argentina 
Brazil~/ 
Colombia 
Costa Rica!/ 
Ecuador 
Guatemala 
India!_/,£__/ 
Indonesia 
Iran 
Jamaica 
Jordan!/,£/ 
Mexico 
Nicaragua 
Nigeria 
Peru 
Philippines.~/ 
Republic of ~~rea 
Saudi Arabia 
Suriname 
Thai land 
Turkey 
Uruguay 

Percentage Period 

40.9 1976 
3P 5 1977 
13.5 1976 
11.0 1977 
15.9 1977 
64.9 1977-1978 

48.8 1977 
48.5 197i 
41.0 1977 
14.4 1976 

43.2 1976 
29.2 1973 
35.7 1974 

33.8 1976 

27.7 1977 
26.7 1977 

Source: ''World Industry in 1980", UNJ.DO, Nev York, 1981. 

~/ All industry. 

E_/ 1967-1976. 

£/ Electricity consumption only. 

d Petrole1111 products only. 

-, 

r 
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Tab le 3. Share of country groups in t<.'ts 1 world mam~facturing in 
aelected industry sectors in 1977/1979 

ISIC 

311/2 
31.1 

321 

323 
324 

331 
332 

351 
352 

353 
354 
3."5 
356 

369 

'371 

372 

38~ 
383 
384 
385 

314,322 
341,342 
J6 l ,362 
381,390 

Industry sect"r 

World total value 
added 1977/7~ in 

constant (lS/5) 
(bill. us $) 

Food producto &nd 
beverages 

Textiles 

Leath~r anJ leatber 
products, footwear 

Wood products and fu€­
niture and fixtures 

Chemical products, 
including fertilizers 
and pharwaceuticals 

P~trochemieals 

Non-metal products 
(i.e. building 
material) 

Iron and steel 

Non-ferrous metals 

Capital goods, 
induding -
agricultural 
machinery 

Other manufac­
turing indus­
tries.!/ 

222.2 

94.8 

23.3 

66.l 

175.2 

105.9 

i0:;.1 

99.4 

35.'\ 

662.8 

358.7 

Share in % of 
Developing~/ Industrialized 

-:ountries countries 

14.6 85.4 

16.2 83.8 

9.4 90.6 

5.6 94.4 

10.3 89.7 

17 .8 82.2 

10.2 89.8 

8.4 

93.2 

4.9 95.1 

7.5 92.5 

----------~------------------------ ----
300 Total value added 

in world .. nufac­
turing 

Source: UNIOO D4t• Base. 

1,847.4 

_!/ 314 Tobacco 342 P;-inting, publi11t.ing 
322 Weari.n~ Apparel 361 Pottery, china, etc. 
341 Paper and products 362 Glass .er.ti ~roducte 

b/ D~veloping countries exclude f;hina and a certain 
£./ ·Industrialized co-mtriea exdil.I~~ Alb.ariia. 

8.~ 91.l 

38' Hei:-11.~ producta 

390 Othlf r iodm1tries 
3GO Tot.:il -..oufactui-ing 

n~mb~r of ft•a1ler countries. 

l 
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2.2 Projections of future industrial development of developing countries 

and associated demand for energy 

2.2.l Tiie Lima target and other projections 

Tiie goals of the international community for the industrialization of the 

developing countries are expressed in the Lima target, which was endorsed by 

the Second General Conference of UNIDO and calls for the developing countries' 

share of the w0rld's manufacturing value added (in industrial production) to 
5/ 

reach at least 25 per cent by the year 2000.- Tiie share in 1979 is 

estimated to have been around 10 per cent. If present trends in manufacturing 

production :ontinue in both the developed and developing countries, the 

developing countries' share will reach only 14 per cent by the year 2000.~/ 
Calculations based on UNIDO's LIDO model2/ show that long-term GDP growth of 

the developing countries must run al about double the rate of the 

industrialized countries, if the Lima t.uget is to be achieved. 

Such a quantification makes it possible to make meaningful analyses also 

of the requirements of the industrialization of the developing countries, 

inter alia the requirements in terms of energy. 

Table 4 shows one of the projections of manufacturing value added fr0m 

the OECD's Interfutu1es~/ project as well as a projection of historical 

trends and the LIDO-projection. 

Tiie Lima target applies only to manufacturing industry as a whole and is 

not sectoraily disaggregdted. 

5/ UNIDO, ID/CONF.3/31, Chapter IV. 

6/ UNIDO, "Industry 2000, New Perspec,.ives", ID/CONF.4/3, 1979, p. 89. 

J_/ UNlDO, "Industry and Development", No. 6, New York, 1981. 

8/ Interfuturea, Facing the Future, OECD, Paris 1979. 
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Table 4. Projected development of manufacturing industry 
up to the year 2000 

LIDO Interfutures Scenario~/ 
(high growth) 

Historical 
Growth 'rJ_/ Projection ci 

1. Annual growth in manufac­
turing value added(%) 

Industrialized countries 

Developing countries 

2. Share of developing 
countries by the year 
2000 of w~rld manufac­
turing value added (%) 

4.3 5.7 

7.6 8.0 

16.4 13.9 

a/ ILterfutures, Facing the Future, OECD, Paris, 1979. 
b/ UNIDO, "Industry 2000, New Perspectives", Vienna, 1979. 
~/ UNIDu, "Industry and revelopment", No. 6, New York, 1981. 

4 

9 

25 

Tile Lima target such as it has been described above, can be attained only 

if certain specific requirement$ are fulfilled. It has been shown (see 

table 4) that a continuation of present trends, even under very favourable 

assumptions, will not bt enough to achieve the industrialization target vf the 

developing countries. 

Recognizing the primary importance for developing countries to mobilize 

their indigenous resources and undertake every ef~r,rt in this respect it is 

also necessary to say that new methods for increasing and facilitating the 

flows of technology, investment and finance wil 1 have to be developed. The 

markets of the industrialized countries must be opened up for industrial goods 

of developing countries and the international restructuring and redeployment 

processes must be accelerated and facilitated. nie co-operation between the 

developing countries themselves must be promoted and turned into a cornerstone 

for the industrialization. nie above mentioned requirements of the Lima 

target have been analysed in detail by UNIDO in other context.!/ 

9/ See e.g. UNIDO, Structural Changes in Industry, New York, 1981, and 
UNIDO-; ID/B/261/Add.7, "Propcsal for Setting Up an International Bank for 

Industrial Development". 
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Tiie requirements in the field of energy availability are no less 

constraining than those alluded to above. 'nte following sections contain a 

discussion of the energy dimensions of the Lima target, including some 

quantitative estimates of the energy requirements as well as some 

considerations of the possible supply of energy on an aggregated level. 

2.2.2 A comparative estimation of the future energy demand 

A UNIDO projection inclu~ing both the growth implications of the Lima 

target and the respective magnitude of future demand for primary energy, as 

indicated in the table overl~af, shows that global demand for primary 

(commercial and non-comnercial) energy would have to increase from 

6,700 million tonnes of oil equivalent in 1975 to more than 16,700 million 

tonnes of oil equivalent by the year 2000.lO/ 

Of this total, the requirements of the developed countries will grow from 

approximately 5,000 million tonnes of oil eqnivalent in l~/5 to more than 

10,000 million tonnes in 2000. 'nte energy requirements of the developing 

countries estimated to be just above 1,600 million tonnes in 1975 would grow 

to nearly 6,500 million tonnes. ntis means that the share of the developing 

countries in commercial and non-commercial energy requirements would increase 

from 25 per cent to nearly 39 per cent. 

The following table compares the Lima growth scenario of primary energy 

requirements with the OECD Interfutures high-growth scenario. 

10/ "Industry and Development" No. 6, UNIDO, 1981 p. 32. 
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Table 5. Primary energy requirements by different groups of countries, 
1975 and 2000 (coD1Dercial and non-commercial energy) 

(mill. tonnes of oil equivalent) 

Developed 
countries 

Developing 
countries 

Total world 

Source: UNIDO, 
OECD, Interfutures, 

1975 

5,030 

1,670 

6, 700 

2000 
Lima growth 

scenario 

10,255 

6,485 

16,740 

Industry and Developreent No. 6, 
Facing the Future, Paris, 1979. 

Inter futures 
(high growth scenario) 

10, 100 

4,500 

14,600 

New York, 1981. 

The diiference between th~ various scenarios are mainly due to the 

assumptions regarding future changes in economic growth and in energy 

elasticities. The Lima growth scenario of total primary energy requirements 

ranks high compared to the Interfutures high-growth scenario due to the higher 

economic growth rates in developing countries which are necessary in the LIDO 

scenario to attein the Lima target (c.f. also table 4.) 

As far as the developed countries are concerned, the estimations of 

primary energy requirements do not differ very much between scenarios. 

2.3 Prospects of meeting future demand for energy 

Whereas it may be possible to m&ke certain estimates of the energy 

resources required for the future industrialization of developing countr~ea, 

it is considerably much more difficult to mdke corresponding projections of 

the supply, particularly with a break-down on various sources of energy. 

UNIDO estimates of the carrying capacity in relation to the Lima target seem 

to indicate that the energy reserves and the energy resources available, by 

\. 
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themselves, would be large enough to allow for the predicted 

industrialization • .!..!/ nte restructuring, technological de¥elopment and 

price structure which coJld be necessary to valorize these resources are, 

however, difficult to estimate. One overriding consideration, however, is 

that, according to many predictions and judgements, the oil reserves will be 

nearing exhaustion by the year 2000. In order to meet the requirements from 

the developing countries it is therefore necessary to diversify their sources 

of energy, to mobilize alternativ~ sources of energy on a substantive scale. 

It was proposed in the United Nations Conference on llev aocl 'Renewable Sources 

of Energy, in Nairobi, Kenya, that up t~ 50 \er cent of the required increase 

of energy requirements of developing countries would be covered by new and 

renewable sources of energy. UNIDO estiaates for the possibilities of 

developing such resources are presented in Table 6. 

Among Rew and Renewable Sources of Energy (RRSE) only bydropover and 

biomass are likely to lliBke significant contribution• to the overall demand for 

energy from the industrial sector of developing countries on shart and medium 

tenu. Other NRSE are highly "location" or "purpose" specific and cannot be 

expected to aake substantial contributions to the overall needs of developing 

countries. Evaluation of relative significance of llRSE for industry is 

presented in Table 7. 

The following factors may have significant iapact on meeting potential 

industrial energy requirements in the world and particularly in developing 

countries: 

- Iaplementation of new energy policies 

- Allocation of investment 

- Training of personnel 

- Structural change& in energy consuaption patterns (substitution of 
crude oil) 

Oumges in energy consuming technology 

QI UllIDO, Industry and Develo.,.ent No. 6, Jew York, 1981, p. 32. 
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- Development and application of new and renewable sources of 
energy in industry 

- Problems of safety and nuclear proliferation 

- Problems of social acceptance uf energy systems 

Impact of increased energy consuaption on climrte and environaent 



- 15 -

Table 6. Estimate of NRSE for industry~/,~/,£/ 

G. US50 

Develo,ing Countri~ 
GDP G.Usao> 
Industry (G.US50) 
(Share Industry/GDP) 
Total energy (Mtoe) 
Ener~y for industry and 

transportation (Mtoe) 
Share of industry and 

transportation 

Total ener'y covered by 
2fRSE (Mtoe 

NRSE for industry and 
transportation 

Share of various NRSE (in 
total ener balance~~Mtoe) 

Biom11ss with fuelwood an':i 
r.harcoal) 

Hydro~wer!_/ 
Other.!/ 

Share of NRSE in indust!j 
(Mtoe) . 

Biomass (with ft>elwood and 
charcoal) 

Hydropower 
Other 

DP.velofed countd.etJ 
GDP G. USso> 
Industry (G. US50) 

Source: UNIDO/OED.131. 

1980 

2,200 
440 

20. 1% 
1,700 

800 

46% 

800 

345 

660 
120 

20 

9,200 
2,800 

Factors 

7.3% (4. lx) 
8.6% (5.2x) 

7.0% (3.8x) 

7.0% (3.8x) 

Share 46%~/ 

Share 43~/ 

:LO% ( l.8x) 
12.0% (9.6x) 
18.5% (30x) 

3.6% 
3.8% 

2000 

9,200 
2,300 
25.4% 
6,500 

3,000 

46% 

3,000 

1,400 

1,200 
1,200 

600 

430 
710 
260 

19,600 
6,450 

a/ Industry and transportation. 
bf Figures are rough esti:nates and should all be rounded. 'nle figures 

proposed correspond to certain scenarios and assumptions. 11iey are conaietent 
with the Li .. target and with current 110dels being used in UNIDO. Other 
scenarios and assumptiona could be considered. 

£/ To convert the figures in Mtoe into the equivalent installed 
hydropower cap~city, divide by 1.25 (since l M.kW l.C. year • approx. 1.25 
Mtoe). 

d/ Share is higher if 11r.on-coaaercial 11 energy is not considered. 
e/ Estiaate& for 1980 changed, after the Expert G~oup Meeting on 

"Industrial Issues" (Vi£nna, January 1981). 
!/ All other NRSE. 

1 

I 

r 
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Table T _ STilluatioa or relat; ve •ignit'ican~ or llRSE for indurt~/ 

:r:<sE 'llld order .or ~it~ 
of potential~ 

:.arge hydro 
::c-640 X. !<Ii I.C.) 

Appro;... cost UG $ 
Possible industritl uses electr- or ~ban. 

;iurposrs-

G4!n4!ral urbm. J.Dd rur&l. i.ndustries. 0. 'l204l- 030 
Large ener·ST~ industrial. ertates _ 
Aliainiia -lters. Urti.n tranS"POrta-
tion, raiiro.d. electrification. 

2. Xini-hydro \ 50 M. >.-ff. LC.) S-U and/or rural indnrtrial estates. 

3 . 3iomas s ( inc J ud.iq; tllel­
voo d, saVIRil.l dus~, ci..rco.J. 
md ..grovastes (300 to lioO K. 
'4:11. I. C. or 360--480 Mtoe/;rear) 

~. :il3halc &nd tar sands 
.~.2 Mtoe/d by 2000? Or 
~bout 50 x. I<li. r_c_) 

5. JCOthermal (20 M. kV. 
: . ;: . I (') 

-i. \/ind (5 M. l<.11". r.c_) (!) 

Jther ~SE 
'5 :~. !<Ii. r. c. ) (?) 

I.solate<\ llediua and ~ scale in­
dustries 

Alft8dT Wl4!d riddT ror ..u 11nd --­
diia se&l.4! industries as t'uellOOOd, cbar­
coal ba8ed iron and steel inci._iatries, 
t'llel alc:obol aut.-obilH, rurlll. i.n­
~riH. (Great potential ror turther 
~lor-nt and application in -.ol•­
lllld di TerSi tJ ) -

Great pot.4!ntial but !riJ!hlT dependent on 
tedlnological de"'felnpment. In pril2ciple, 
coul.d be uaed comprtiti.-elT vith petrt>­
lem but perticular!T im!'ortant ror: 
·;.ransport&tfon (as ~l); rHOurc4! base<\ 
U.-t>~rial 4!statH; feedstocks ror petro­
c:lleai .,u ir:mtrT -

9u.l.l to medi.m sized industrial 
"9tatH. Iaolatf!d industrial plants-

(Unstable discoatinuoua:) 
VerT mall scale or ~cottage" in­
dustries. :9all agn>-industries. 

Ve.-, -11. scale !.ndunries, -.U 
agro-indastrial installation. 
Spec i&J. Wl4! • 

0-070-ll-100 {about 
,._, as petro­
le• buf!d) 

0.030-0.100 

0.030-0.100 

3ource: "Energy de't"eloi-nt and indW1tri&li.%at ion", UIIDO/OPl'.l.135. 1982 

l<.Wb h4!at~ 
purposes-

d/ ·---

0.03-0.050 

0.020-0.050 

~/ Reference is ~ to table l~, P'"~ k3, or Vorld llllDlt Report ~?'SJ in Developing Countries" - August 1980 

'o I Effective "nerv cleliTered to meebalical or electrical SJ'Stems or ror h<!!ating purposes. At JQj and 6o% 
Conversion effi~iencies, rcSp<!ctiTI!lJ' ror rue). to effcctiTI! enerv-

~/ us dollars or 1980. 
_!/ Efficiency or conTI!rsion ir.llb to heat ass..-d Bt 100%. 

~/ t:sti.mat,.d (roUl.lhl coat.ribution in te• .. or p.:l'~r (kV) tor actual uu in industrz (2000). (The Wlit used 
is the equivalent installed hyctrot>o-r capacity, in M. lo.Ii. taseth4!r vith M.toeiyr.) 
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1. Energy/industry interface and some considerations on an integrated 

energy and industrialization policy 

The i~cerface between en~rgy and industry is in the centre of the 

interest of UNIDO and of the present document. Industry is both an important 

consumer of energy and a producer of items which require energy ~or their 

utilization. Industry also ptoduces the necessary equipme~t for the 

production of energy, exhaustible or renewable, conventional or not. 11te 

energy demand for the operation of the industrial sector as such represents a 

sizeable share of the total energy demand, i.e. about 35 per cent. However, 

the energy needed for the use of capital and -onsum.~r goods d~livered by 

industry to other sect0rs of the econo3y amounts to an0ther 50 per cent of 

total energy consumption. In other words, industrial activity is directly or 

indirectly responsible for the use of some 85 per cent of the total energy 

consumed in the world. Energy consumption and also energy efficiency can 

therefore be seen as mainly governed by the creativity and productivity of the 

industrial sector through the continuous technological development of 

energy-efficient processes and products. 

UNIDO distinguishes in its work between three main aspects of the 

• • d "b d 121 Th b • 1 f d II interaction escr1 e .~ ese can e concise y re erre to as: energy 

for industry", "industry for energy" and "industrial energy management". They 

also corr~spond to three main goals of an integrated comprehensive and 

halanced industrial energy development prograUD1e. However, these concise 

headings cover a great deal of interrelated problems to be solved by 

developing countries in the course of the industrialization. One of such 

problems which is of a paramount importance for developing countries refers to 

the aspect "energy for industry" and has to do with the development of 

industrialization patterns appropriate to and consistent with the local 

patterns of energy availability, it includes development or adaptati1.,1 of 

energy efficient and/or energy-appropriate processes and products; it will 

necessarily include non-con·;entional processes and products and it also 

12/ UNIDO Executive Director's Address to the U.N. Conference on New and 
Renewable Sources of Energy, Nairobi, Kenya, August 1981. 



- !8 -

comprises full use of comparative advantages, such as the use of abundant and 

cheap hydropower for production of aluminium. 

From table 8 alone it is clear that the energy intensity of different 
13/ 

industries var:es considerably. A study by the World Bank- further shows, 

e.g. that also among basic products energy intensities range widely (for 

~xample, from 0.9 to 1.5 million kilocalories per ton for cement against 8 to 

11 million kcal, including feedstock, per ton for dmmonia). Energy 

intensities also differ depending on product mix, the type of energy source 

(electricity or hydrocarbon fuels), and the scale of plant as w~ll as a 

variety of factors under the general heading of efficiency, such as the amount 

of waste heat, downtime, plant manageruent and operating practices. 

Table 8. Ratio of energy consumption to value added.!!/, by manufacturing 
branch, in developing countries in the 1970s 

Branch 

Food products 
Beverages 
Textiles 
Wearing apparel 
Paper and paper products 
Printing and publishing 
Chemical refining and miscellaneous 

products of petroleum and coal 
Plastic products 
Non-metallic mineral products 
Iron and steel 

ISIC 

311 
313 
321 
322 
341 
342 

351-354 
356 
361-362,369 
371 

Median value 

u.69 
0.51) 
0.91 
0.28 
l.50 
0.24 

0.76 
0.64 
5.08 
1.37 

Source: "World Industry in 1980", UNIDO, New York, 1981, p. 195. 

a/ 1lle ratios shown here are the share of each branch in total energy 
consumption by manufacturing divided by its share in total manufacturing value 
added. Owing to a lack of comparahle data, the country sample includes only 
nine developing countries in the three developing regions. 

13/ World Bank, Energy in the Developing Countries, Washington, 1980, 
P• SC)-. 
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Therefore, the choice of the industrial structure is of primary 

importance also for the energy economy of developing countries. It is usual 

in this context to talk about export promotion and import substitution 

strategie~ as examples of options which are available to developing 

countries. Whereas these strategies may lead to widely different industrial 

structures in different countries, it is nevertheless true that both of them 

somehow are influenced and governed by the external development over which the 

developing country does not have control. Even if the emerging structural 

pattern to some extent can be adapted to the specific ac.-:a·1tages and 

preferences of the individual countries, these industrialization strategies 

will by necessity lead to a large amount of repetition of a pattern which is 

already established in other parts of the world. 1lle indicators used for 

making investment decisions will be determined either by external demand or 

internal demand expressed by the more wealthy groups of society, at least 

initially. 

The possibility of managing the energy requirements of such an industrial 

structure will depend inter alia on factors such as domestic energy 

availability, conservation policies and the possibility tv acquire energy 

appropriate technologies for the industrialization process. 

What has been said above does not of course imply that developing 

countries should abstain from such industrialization strategies or generally 

from investing in energy-intensive industries. In the final choice a total 

appraisal of the situation is necessary and considerations such as the 

comparative advantage conferred by the availability of natural resources, the 

degree of proces&ing, the size of the domestic market, the possibility to earn 

foreign exchange to cover energy and other necessary imports and the cost of 

other inputs will be decisive. 

There exist so far no full-fledged studies over the direct energy 

consequences for developing countries of choosing the one or the other 

industrialization strategy or a combination between them. Studies from 

industrialized countri~s, particularly such as were made around 1975, show, 

however, unequivocally that the branch mix, as generated by the demand 
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structure, has a dominating impact on the energy requirement and energy 

dependence and the aspect of energy intensity is of main importance in 

designing structural policies. 

Due &ttention should be given to the choice of technological processes to 

be used in developing countries from the energy point of view. For instan~e, 

a major opportunity exists for reducing ele~tricity uee in aluminium 

prJduction hy chosing the new Alcoa process instead of the predominant 

Hall-Heroult process widely used at the present time (from 8 Kwh to 4.5 Kwh 

d f 1 • • ) 14/ per pour. o a~uminium .~ Another example - direct reduction process for 

iron and steel industry - is of particular interest for developing c0u11tries, 

especially for. those posessing natural gas reserves. 

Many studies have shown that substantial am0unts of energy can be saved 

at short term in industry at relatively little cost (even if these studies 

are, as a rule, based on conditions in industrialized countries). Table 9 

shows, however, certain estimates of possible savings in industry in 

developing countries. 

Energy saving measures, inv~lving somewhat more investment and unique to 

the processes in the industry or plant concerned also exist. Building new 

plants or expanding existing ones offers even greater scope for improving 

energy efficiency, since the basic design can be chosen with this in view. 

Such housekeeping and saving measures could enabl~ the developing ~ountries to 

reduce their energy consumption per unit of industrial output by 10 per cent 

by 1985 and 15 per cent by 1990 according to the World Bank estimates. 

Wher~as energy saving measures are extremely important in the short run, 

over a longer period the most P~ficient reduction of energy consumption will 

be embodied in the technological development and in the development of the 

capital goods production, particularly energy-related equipment. Tiiis is why 

the opportunity to participate fully in the development of new and appropriate 

technology and to ~btain equitable conditions in technology transfers are 

14/ G. Butcher, 11Aluminium, the inter.1ational perspective", published by 
FinanCTal Times Business Information Ltd., London, 1982. 
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Table J. Developing countries: possible savings in the major 
energy-intensive industries, 1980s 

Dev~loping countries 
percentage of wocld 

production, 1978 

Aluminium (from 
Alumina) 

Copper (smelted 
and refined 

Steel (crude) 

Cement (clinker) 

Ammonia 

Petroleu11 refining 
Distill.stion 
Cracking 

Pulp and Paper 

8.2 

22.3 

8.1 

27.4 

15.1 

11.6 
6.9 

11.8 

Energy consumption 
per metric ton of 

output,!/ 

28-36 

3-8 

4-6 

0.5-1.0 
(fuel) 
0.2-0.3 

(electricity) 

6-8 

0.4 
0.7 

4-8 

Potential savings 
with existing plant 

(1978 production 
levels) Percent 

5-10 

5-10 

5-10 

15-25 

5-15 

10-20 
10-20 

20-25 

Source: "Energy in the Developing Countries", World Bank, August, 1980. 

a/ K:zpressed in barrels of oil equivalent, aset111ing that 1 kWh of 
electricity input requires 2,670 kcal (10,600 Btu) of heat. This conversion 
factor varies wid~ly depending on the type of pri .. ry energy, transrission 
losses, ete. 
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decisive also for the energy economy of the developing countries. An 

international restructuring involving the transfer CJf energy inefficient 

production pro~esses and equipment would be counter-productive. 

Even this brief consideration shows the importar.ce of energy aspects i.n 

di~ferent branc~es of industry wit~in the whole co~plex of i.ssue~ on 

industry-energy relationship. 

4. Energy aspects of selected industrial secturs 

Tiie energy aspects of different sectors of industry cover a variety of 

diffenmt problems. Such factors as ccmsumption and 8Upply of energy, enf!rgy 

conser.,ation and self-sufficiency are of interest separately to each sectnr. 

Titere is, however, also a strong inter-relMtion between vari~us se~tors in the 

energy ~ontext. For example, PVC pipes, produced in the petrocheaical 

industrj by a ver!' high energy consuming proce~s, could replace in a number of 

cases iron pipes, which are produc.:etJ in a\1 even t:igher energy-inteu1ivc 

prvccss. Tiie capital goods industry, in itself only moderately 

energy-intensive, can hav~ a large impact on th~ energy consumpti-,n in ether 

sectors through the produr.tio~ of more energy-efficient equipment. 

In the following some ~xamples from recent sectoral studies ~n pr~bl~ms 

related to energy producti~n, consumption, conservation and self-sufficiency 

are presented. 

4.1 ~nergy consumption of the petrochemical industry and its iapact 

on national energy sav~ 

Tiie petrochemical industry is a heavy energy-consuming industry. 

Moreover, being a hydrocarbon based industry the rAw material used i.n the 

production process of petrochemicals is either liquid \oil and it• products) 

or gaseous (natural gas .:>r synthetic gas). Iu this respect, il is both 3 

direct energy consumer as well ac a consumer of ra• materials used for the 

production of energy. In addition t~ this, the transformation of intera;?diate 

petrochemical pro~ucts into final commodities ready fer use is another heavy 

1 

f 
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~nergy-co~suming proceas. 1lle following si•plified e~~•ple gives a good idea 

of the eceru l:equirement of a typical petrochemical product. 

1--~~~!D~P;-----1 
1s530 =;:------+-

l. 300 N 0.600 F-1 

. . Extrusion LDPE l 
~-866 d I __ 0.516 F 

where: 

LDPE = L-9¥ Density Pc.lyethylene 

N = the energy consumed in the foTIB of raw materials expressed in 

ectui#alent of naphtha in the European petrochemical inclustry. 

F the energy spent in the form of electricity, vapcurs and fuels over 

thP. various transformation steps. 'nlis energy expressed in fu£1 

equivalent. 

T = llal/kg. 

Tile figure shows that for the p~oduction of one ton of LDPE an~ its 

conversion into l88inated LDPE the total energy required would he 

22100 Ral/kg. In spite of the fact that this is a very high energy consuming 

product, its average consumption of energy is nonetheless less than equivalent 

alternative products. For example, a 100 k• long 4-inch PVC pipL ~ith 

fittings cousmM"s 360 tons of oil equivalent whereas the same length of cast 

iron pipe consumes 1970 tons of oil equivalent. 

Tile bulk of energy used in the petrochemical industry is in the form of 

electric paver or ateaa generation. ~ a result of the energy conservation 

measures to reduce cost it is expected that the energy/feedstock factor will 

be reduced aul>atantially in this decade. However, the total energy 

consumption of the industry is expected to gu>V. 11\e petrochemical industry 

consumed an average of 5-6 per cent of the total world energy consumption in 

the mid-seventies. 11lis ratio is expeccec to ri•e to more than 12 per cent in 

2000. 
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Energy conservation measures are very iaportant for the petrochemical 

industry, a subject of treMrndous research at present both at the process 

technology level and at the utility level, i.e. lovering the processing 

temperature and pressure, recycling of steaa and process water, recycling of 

products, etc. 

P~~ducts of the petrochemical industry are, 110reover, playing an 

important role in energy conservation in other industrial and domestic areas. 

Improved home and industrial thermal insulation is one area where dir~ct 

saving is immediately felt. Greater use of special plastics in the automotive 

industry to reduce weight is another exa•ple of reducing fuel c~nsumption in 

this heavy energy-consUllling sector. 

4.2 Energy consumption in the iron and steel industry: the importance of 

technological developiments and energy conservation measures 

Tite iron and steel industry belongs to the highly energy-intensive 

Fectors. It is estimated that 8-10 per cent of national energy consumption in 

developed countries is used in this industry. For individual countries this 
15/ 

share is even higher, e.g. for Japan it is approxiaately 16 per cent~ • In 

many count~ies energy now constitutes a heavier cost burden in this branch 

than either for ferrous rav .. terials of for labour. 

Tite fuel-energy balance sheet in the iron and steel industry includes the 

following types of energy; coal, fuel oil, gas and electricity. At present, 

coal accounts for the bulk of energy used in the industry. 

Of the total amount of energy, used in the iron and steel industry, about 

55 per cent is accounted for by ~olting coal, some 25 per cent by electricity 

and about 20 per cent by petroleum and natural ga~/ (measured in calories). 

15/ The energy situation in the iron and steel industry of Japan. ECE 
Seminar on the Energy Situation in the Iron and Steel Industry, Vienna, 
September 1981. 

16/ n1e Economic eo-ission for Europe and Energy Conservation. Eecent 
Experience and Prospects, United llations, Rev York, 1980. 



- 25 -

Production of pig-iron 1s the most energy-inter.sive production process 

within the iron and steel industry. It accounts for more than SO per cent of 

energy used for the production of crude steel. 

11\e close link between technology and energy consumption 1s a particularly 

important featQre of the iron and steel indust~y since energy is used in 

various forms in each stage of any steel-making process. For example, coke 1s 

not only used for heating and smelting purposes in blast furnaces but at the 

same time serves as a basic chemical reagent for the reduction processes in 

the furnace and for carbonization of 1ron. 

Consequently the structure of energy consumption and the levels of 

specific energy co~suaption per unit of final product in iron and steel making 

depend to a considerable extent on technologies used at various routes of 

production flow such as ore preparation, coke production, pig-iron production, 

steelmakin~, rolling, etc. 

11\e following technological processes are characteristLC for the 

production of crude steel in developed countries; 

1. coking - blast furnace (BF) - open hearth furnace (OHF) 

2. coking - blast furnace (BF) - basic oxygen furnace (BOF) 

3. direct reduction (DR) - electric arc furnace (EAF) 

Open hearth steelmaking process 1s gradually disappearing from the 

steel-making scene. 

The alternative basic oxygen steeJ-making process is at present prevailini 

in most countries of the world thanks to advantages with respect to, 1.e. 

investment cost, productivity, steel quality and energy consumption. 

According to the ECE figures the oxygen converter process requires only 20 per 
17/ 

cent of the energy needed in the open-hearth ateel-dlaking process~ • Open 

hearth steel-making has found only a very limited application in developing 

countries. Most of them with relatively new steel industries never built 

11.I op. cit., page 60. 
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these old inefficient furnaces. Practically none have been built 1n the world 
18/ for over ten years~ • 

However, both of these technological processes requ1re large amounts of 

coke for production of pig-iron in blast furnaces. The current use of coke 1n 

~he steel industry amounts to 2-11 per cent of the final energy requirements 

of the manufacturing activities in various world regions. 

Since the majority of developing countries do not have any proven 

resources of cokin~ coal they make efforts to develop cokeless production of 

steel. 'nle 'direct reduction - electric arc furnace' steelmaking process 1s 

of primary interest for this group of countries. Although this process 

requires somewhat more energy than BF - BOF it has certain advantages for 

developing countries as many of them are well endowed by natural gas resources 

and have great potential for production of electrical energy. Cokeless 

processing has already found application in many developed and developing 

countries. 

It can be seen from the brief overv1ew of the development of the iron and 

steel industry in the world that energy being one of the major production 

factors has had a significant impact on the technological development of the 

industry. The technologies most widely used at present in the world iron and 

l . d l . . ld 
19

' stee 1n ustry are ess energy-1ntens1ve compared to the o ones.~ 

Another important trend to be mentioned is that the iron anc steel 

industry has be~n moving towards a diversified use of energy resources at 

different stages of the production flow. 

18/ John E. Jankowski, Jr. Industrial Energy Demand and Conservation in 
Developing Countries. Discussion Paper D-73 A, Resources for the Future, 
Washiogton, 1981, p. 

);11 'nle World Iron and Steel Industry (second study), UNiuO/ICIS, 
November 1978; Vienna. 1990 Scenarios for the Iron and Steel Industry (part 
one), UNIDO/IS 213/Rev. 2, December 1981, Vienna. 



- 27 -

In addition to the energy conservation measures embodied in le•• 

energy-intensive technological processes (e.g. the use of :IOF ia8teacl of ORF) 

the iron and steel industry baa a great potential for energy aa.i.ag through 

introduction of more energy-efficient equipment, bouaekeepillg seaaares, etc. 

Good housekeeping implies strict adherence to operating at .... ards, 

efficient scheduling of .. teriala and plant operation, 9Dllitori..ab of energy 

conaU11ption
1 

effective utilization of production capacitiea aad a great number 

of other activities under the general heading 'plant ~t' which 

includes as veil energy ..anagemeot. 

Recovery and utilization of the vaate beat in the iroa aad ateel industry 

is one of the .oat i.portant and efficient vays of energy c~ation. Waste 

gas/heat recovery ia given great attention in the iron and ateel industries of 

aany developed countries. though there is still a big poteatial for further 

actions in this field, the results vhicb have been already aclaie9ed in Japan, 

U.S.A., U.S.S.R. and other countries vith highly developed iroa aad steel 

industry are rather impressive. 

A broad introduction of equipment for vaste-beat recOYery aad utilization 

~n the iron and steel industry in t~e developing countrie• 1I081d significantly 

reduce energy consumption in this heavy energy-cooaUlli.ng iadaatry. 

4.3 Energy requiremeata and self-sufficiency of the ~ical 

wood-processing iacluatries 

The mechanical voocl-processiog industries are divided iato the primary 

wood-processing industry, i.e. a .... illing, plywood and veneer production, 

particle board and ~:~&~board .. aufacturiog, and the secondary wood processing 

industry, vhich includes, ..,... others, furniture, joinery ... pack.aging. 

Mechanical voocl processing industries are aot as higbly e•e&&J intensive 

as the pulp and paper industry. lle'w'erthelesa, they haYe qai~ a large 

potential fOT energy subatitatioa and conaerYation. 1h~ it i• •ifficult to 

find sufficient atatiatica for the energy conaa11ption patter.a of l:lae 

mechanical vood-procesaiaa i..tastries, particularly in dewelapi.aa coaatriea, 
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some informltion is available to show main characteristics of the industry 

from the energy point of view, including wood residues utilization as an 

internal source of energy. 

The energy requirements in the mechanical wood-processing industries are: 

- thermal energy (mainly for drying and heating purposes) 

- electrical energy (for various types of electrical drives, 

lighting, etc.) 

- motor fuel (for vehicles) 

Energy requirements in primary processing of wood 

The primary wood-processing industries are larger energy consumers than 

the secondary wood-processing industries. In addition to that, 

they produce significant quantities of residues which can be utilized for 

energy purposes. 

Sawmilling is the least energy-intensive branch in the primary 

wood-processing industry. Kiln-drying accounts for up to 70 per cent of the 

energy consumption in sawmilling when it is used and uses major part of energy 

in the form of heat. 20/ 

20/ The Economic Commission for Europe and Energy Conservation (Recent 
experTence and prospects), E/ECE/985, UN, New York, 1980, p. 33. 
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11te following annual energy requirements (electricity and theraal energy) 

are given for ~ome typical saV11ills: 

Table 10. Annual energy requirements for sawmills of varying size 

Production 
size -3 /year 

3,000 

10,000 

5,000 

Source: Wood 
of energy. DRil>O, 

a/ Softwood. 
~I Hardwood • 

Wood ltiln or 
type no kiln 

s!!I k. 
n.k. 

~I k. 
n.k. 

s It. 
n.k. 

H k. 
n.k. 

s k. 
n.k. 

H Ir.. 
n.k. 

and wood-processing 
1983. 

Energy re3uirements 2er Iear 
HWh GJ 

135 4,500 
60 

225 7,500 
90 

450 15,000 
200 
750 25,000 
300 

2,500 75,000 
1,000 125 ,;:;uo 
3,750 12.5 ,000 
1,500 

industry as a consw.er and a supplier 

11te figures given in table lO show that there is a clear difference in 

energy consumption between processing softwood and hardwood. n.e processing 

of hardwood requires higher 8190unts of energy. A significant part of energy 

requirements is associated with the use of artificial drying. Depending on 

design and degree of heat recovery, a drying kiln has a const111ption of thennal 

energy about (3.2-5) MJ/kg evaporated water. 

If in savmilling artificial drying is used when it in necessary in 

certain cli .. tic conditions or to llll4nufacture products of high quality, in 

plywood industry it is a natural part of the process in the production flow. 

Besides, the aanufacturing of plywood requires considerable ..aunts of 

electrical ~rgy for peeling, pressing, etc. and thermal energy foT steaming 

-1 
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and pressing. The following energy consU111ption 1s estimated per a
3 

of 

produc~d plywood: 

(a) softwood - 150 kVh of electrical energy and 

4.0 GJ of thenaal energy 

(b) hardwood - 230 kVh of electrical energy and 

6.0 GJ of thenaal energy. 

Tite principle for veneer aanufacture is the saae as that for plywood 

manufacture except the processing process. The energy consuaption per a
3 

of 

sliced veneer is estiaated to be as follows: 

(a) softwood - 110 kVh of electrical energy and 

3.3 GJ of thenaal energy 

(b) hardwood - 17C kVh of electrical energy and 

5.3 GJ of thermal energy. 

Energy requirements in secondary wood-processing 

For the furniture production, only wooden pieces of furniture are 

considered here with a raw aaterial composition of 65 per cent savo-tiaber and 

35 per cent panel products. Exaaples of this kind of furniture arP. storage 

shelves, chairs and tables. 

Energy requirements per ton of finished product for above aentioned types 

of production are for mediua-sized and highly mechanized plants in Scandinavia 

estimated to be: 

electrical energy for processing - 250 kWh 

- electrical energy for artificial drying - 100 kWh 

- thermal energy for artificial drying - 4 GJ 

Even in this case, the kiln is the biggest energy consumer. 
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For joinery production (doors, windows, etc.), the energy requirements 

are estiaated as follows: 

- electrical energy for processing - 200 kWh 

electrical energy for artificial drying 60 kWh 

- thermal energy for artificial drying - 2.4 GJ 

Packaging covers boxes, pallets, crates, etc. 1bese products are mainly 

made fro. sawn-timber. No further drying of nonaal sawn-timber is necessary. 

Titus this sector of wood-processing industry requires aainly electrical energy 

for equipment used in the production process. 

Self-sufficiency in the wood-pr~cessing industry and wood-based energy 

production 

1be figures presented above give a general picture of energy requirements 

for various wood-processing industries. At present, energy requirements of 

the industry are mainly met by the basic energy supplies of coal, oil, natural 

gas and purchased electricity. Wood residues are also used by the industry 

for energy purposes but tc a limited extent. 

1be current use of wood residues in the mechanical wood-processing 

industry in the world is not accounted for in any official statistics. 

However, for the primary wood-processing industries, it has been estimated to 

be about 87 aillion m
3 per year, while about 173 aillion a

3 
per year find 

no industrial use.1!/ In the secondary wood-processing industry, it has 

been estiaated that only about 15 million a
3 of sawn-tiaber and panel 

product residues are used, mostly for thenaal energy purposes, out of a total 

. 1 bl l f b 64 . 11 · J E h h ava1 a e vo Ulle o a out m1A ion m per year. ven t ese roug 

estimations clearly show the possibility for expanded use of wood-residues as 

an internal source of energy in the 111echanical wood-processing industry. 

21/ Wood and Wood-Processing Industry as a ConsU11er and a Supplier of 
EnergJ:" Sectoral Studies Branch, UNIDO/IS, 1983. 
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Typically, the gross energy content of wood is as follows:±.~./ 

Green-wood (50% moisture) 

Air-dry (20% moisture) 

Oven-dry (8% moisture) 

10,5 GJ/ton 

16,3 GJ/ton 

19,8 GJ/ton 

Tile utiliz&tion of wood residues for energy purpos~s in the 

wood-processing industry has recently gained a significant importance in many 

countries of the world. It .. y be of primary interest for developing 

countries facing severe national energy problems. 

However, a review of the existing experience in this field worldwide and 

especially in developed countries shows that there are a number of problems 

associated with the utilization of wood residue& for. energy purposes. Solving 

some of them, such as e.g. development of environmentally acceptable and 

economically feasible technology for energy production from wood residues is 

of a co11D11on importance for all countries and is not linked in general to 

specific conditions of individual countries. Decisions on other problems such 

as ratios between volumes of vood residues to be used for energy purposes and 

as raw material, degree of energy self-sufficiency economically feasible for 

concrete plants may vary for different cases and should be taken with due 

account paid to specific conditions prevailing in individual countries. 

Tile technology of wood-based energy production has a long history. 

Recent developments in this field have made equipment producing energy from 

wood more efficient and competitive to existing one using traditional 

r-:,unercial fuels. Tilough these developments have mainly taken place in 

developed countries, they apparently can be successfully applied in developing 

countriea. Furthermore, it is possible to assume that many developing 

countries could develop aanufacture and use similar equipment. 11te 

achievements of Brazil in charcoal making is well known. Another exaaple is 

22/ L.P. White and L.G. Pla$kett. Biomass as Fuel Academic C. Press, 
LondoTI-;- 1981, p. 112. 
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the development of a cyclon-type boiler which gives pollution free disposal of 

d . 1 . 23/ saw ust in Ma ays1a-- • 

4.4 The capital goods sector as a producer of ener~y equipment 

producing and consuming energy 

Capital goods industries play a central r0le in energy/industry 

interrelations due to their contributioP to the gr~ss [ixed capital for~ati~r­

in various sectors of the economy, to pr~grcssive technological changes, 

energy savings, to integration and independent development. The industry 

itself requires a moderate quantity vf energy, particularly in its mechanical 

applications. Foundries and other heat applied sections of production are, 

however, very energy-intens~ve. ~ore important tre sector produces 

energy-related equipment for all other sectors of the economy. 

Tile capital goods sector entaiis two quit~ distinct activities: 

- the manufacture of machines, equipment, components and 

their assembly; 

- preliminary studies, project and process engi11eering, design of 

machines and equipment and their technological development. 

The first activity requires investments and training of manufacturing 

personnel which varies in accordance with the level of technological 

complexity of capital goods. Tile sec:ond requires a specisll investment 10 

skilled manpower as designers, researchers, draftmen, calculating personnel, 

experienced production labour and extensive means infor~ation. 

Entty of the developing countries into the production of energy-related 

capital goods pass~s through the progressive mastery of the three major 

lY World Wood, !"ebruiuy, 1982, p. 1+2. 

i 
, .I 



- 1u -

components which are engineering, manufacture and R and D. It is possible to 

distinguish tnree principal stages which can be successively mastered by the 

developing countrie$, 

It may be assumed that a first stage consists of mast~ring preliminary 

studies and the manufacture of sub-assemblies involving the structural 

steelwork and general boilerwork route. 

A second stage consists in integrating general engineering and the 

hcavy-boilerwork - welding - machining route. 

The third stage comprises the manufacture of certain highly complex and 

strategic sub-assemblies which require very special techniques and, in certain 

cases, considerable know-how. The process en~ineering activity necessitates 

mast~ry of the design of capital goods, the Rand D activity as well as the 

design activities associated with the production of all the equipment. This 

requires diverse and complex technologies and financial, technical and human 

resources if technological independence is to be achieved. Only same major 

producers have all these resources available. The entry of developing 

countries into this stage of production must therefure pass through technical 

co-operation with the major producers. 1bis co-operation may be difficult to 

implement since the mastery of the know-how is a means for these companies to 

safeguard their position in international competition. 

Capital goods for en@~gy have to do with the development of a full 

technological and industrial capability of developing countries to produce a 

large spectrum of machinery and equipment and delivery of engineering services 

including maintenance for mining and production of conventional or 

non-renewable energy resources as well as NRSE as e.g. coal, gas, electrical 

energy, charcoal, fuel alcohol, geotheTill&l, solar and windmill energy. 

On the other hand, capital goods sector produces, innovates and develops 

new products (machines, equipment, i•plements, etc.) to fit not only local 

energy supply patterns including NRSE but to implement as well programmes 

aimed at more effective use of energy in industry and other economy sectors 

through introducing energy-saving technologies, capital, intermediate and 

consumer goods. 
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Some developing countries, particularly the 11<>re indJstrialized of these 

can manufactu-e most or all components of the above mentioned sectors and 

sub-sectors, others can carry out part of the aaintenance and repair (routine 

and certain large repairs), produce some parts for importe'. equipment, and 

carry out only very preli•inary studies and engineering development. 

Develcpment of NRSE requires extraordinary effc:rts in the capital goods 

industries from both developed and developing countries. Entry into the 

manufacture of capital goods for energy including NRSE and other indust~ial 

sectors by developing countries due to its large variations in the 

technological complexity, can therefore be effected progressively by 

successive mastery of the technological production routes. 

5. Conclusions 

For developing countries industrialization is a base for up-grading 

living standards and for achieving rEal economic independence and is 

consequently one of the main prerequisites for establishing a new 

international economic orde~. 11te development of basic industries is an 

essential part of this process. 

A successful industrializati~n process can not take place without an 

adequate energy base. Developing countries as a group have sufficient energy 

resources, but at a country level the situation is different. Many developing 

countries are poorly endowed with coumercial euergy resources or at least they 

have not discovered the~ yet. Besides, these countries have repeated to a 

considergble extent the production and energy consumvtion patterns of 

developed countries. As a resu~t of that, oil has become a major commercial 

energy resource for the modern part of industrial sector in most developing 

countries. Drastic changes on the world energy scene during the seventies 

caused severe prohleas for oil i•porting developing countries and made it 

clear that without solving energy problems developing countries would not be 

able to attain their industrializetion targets. 

A comparative analysis of existing projections of future indus~rial 

development of developing countries ant corresponding energy a~~and shows that 

the developing countries' energy requi1ements would rise more than three times 

by the year 2000. 

t 
r 
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The energy de~and generated by the economic development impli~d by the 

Lima target requires a transition from the existing oil-based energy system, 

using energy, in a more or less extensi7e way, to a tlivers1fied system based 

on various energy resources and iaproving the efficiency of energy 

utiliz3rion. TI1e stress should be ma~e on the development of indigenous 

energy sources and o~ the energy co-operation b~tween developing countries at 

subregional, regional and interregional levels. Coal and natural gas may be 

easily available as non-renewable sources of energy. Renewable energy sources 

such as hydropower and biomass have great potentials in developing countries 

and can make a significant contribution to the overall energy balance of the 

developing countries in the medium-term. Tile share of other renewable sources 

of energy (wind, solar, geothermal, etc.) in energy balances of developing 

countries is not expected to be high in the short and medium term but their 

expanded utilization may help ease energy problems of developing countries. 

There is a strong overall interrelationship between energy and industry. 

Industry is both an important consumer of energy and a producer of items which 

require e~ergy for their utilizatior.. Industry also produces the necessary 

equipment for the productior. a11d distribution of energy, exhaustible or 

renewable, conventional or not. Therefore, creation of a local capability to 

develop, design and manufacture energy-related capital goods is of special 

importance for developing countries as well as obtaining &n access to the 

world know-how in this field. 

Another important requirement which has to be met in the course of 

industrialization by developing countries is the development of sound national 

energy economies carefully geared to the emerging structures of industry. 

This point is very important since industry is actually a mix of different 

kinds of production with specific requirements, particularly in terms of 

energy. On the other hand, the choice of industrial structure should be made 

with a due account paid to the availability of indigenous energy resources. 

It does not imply of course that developing countries which do not possess 

1ufficient energy resources should abstain fcom the development of 

energy-intensive branches of industry which constitute a basis for the 

industrialization. In the final choice, a t0tal appraisal of the situation is 

necees~ry and considerations such as the comparative advantage conferred by 

-1 
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the availability of natural resources, the degree of processing, the size of 

the domestic .-rlcet, the possibility to earn foreign exchange to cover energy 

and other necessary illports and the cost of other inputs are decisive. In 

this contert, co-operation opportunities between deYelopi.ng countries could 

have a decisive influence. 

At the industrial sector level, a great deal of attention should be paid 

to the choice of technological processes as well as to substitution and 

conservation me.sures. Building nev plants or expaading existing ones offers 

a great scope for decision-.akers in developing countries to deve~op various 

branches of i.nduatry taking advantage of indigenoua energy resources and to 

achieve a rational energy utilization. 

Access to detailed information on the energy aspect• of various sectors 

of industry baa a great significance for developing countries. Such 

information should cover a large number of issues related to the supply and 

use of energy in difterent sectors of industry. Some of these issues are of a 

couanon significance for all industrial sectors, others are 90re 

sector-specific. The following related issues should be given consideration 

for each sector: 

Energy reguirem12nts and supply 

patterns of energy conauaption 

trend• in energy utilization 

iapact of product aix on energy use 

changes in production processes and technology and their 

effect oa energy consumption 

possibilities for use of indigenous fossil fuels 

possibilities for introduction of nev and renewable sources of energy 

projection• of energy supply and consuaption 

Energy coaaervation and self-sufficiency 

energy saving measures 

recycling of .. terials as a aeans of reducing eaergy use 

..:1tilia:at:ioo of secondary energy resources 

utilia:atioo of production residues for energy purposes. 
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Energy-related equip11ent 

main characteristics of existing equipment 

trends in development of equipment 

possibilities and i•plication of its application 

for developing countries 
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For the guidance of our publications prograime in otder to assist in our 
publication activities, ye would appreciate your c<>11pleting the questionnaire 
below and returning it to UNIDO, Division for lndqstrial Studies, P.O. Box 
300, A-1400 Vienna, Austria 

Q U E S T I 0 N N A I R E 

Energy and Industrialization of Developing Countries: 
Some overall and sectoral Considerat~ons 

(please check appropriate box) 

(1) Were the data contained in the study useful? 

(2) Was the analysis sound? 

(3) Was the information provided new? 

(4) Did you agree with the conclusion? 

(5) Did you find the recommentations sound? 

(6) Were the format and style easy to read? 

yes 

17 

/7 

17 

17 ,, 
17 

no 

/7 

If 

;7 

17 

I I 

17 

(7) Do you vish to be put on our documents 
mailing list? If If 

If yes, please sepecify 
subjects of interest 

(8) Do you vish to receive the latest list 
of documents prepared by the Division 
for Industrial Studies? 

I I 

(9) Any other comments? 

Name: 
(in capitals) ................................. 
Institution: 
(please give full adress) •••••••••••••• Ill .................... . 

Date: .... ~ ........................... . 

-.• - - -

If 

1 

\. 
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