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OIAPTER 1 

INTRODUCTION 

1.1 Background information 

1. 1be First Consultation on the Capital Goods Industry was convened at 

Brussels, Belgium in September 1981!1• lbe Industrial Develo?1Dent Board of 

UllIDO (IDB), at its sixteenth session, took note of the conclusions and 

recollllllendations of the First Consultation and decided at its seventeenth 

session that a consultation on capital goods industry with special emphasis on 

energy-related technologies and equipment be held during the biennium 

1984-198~'-

2. lbe preparatory work for the Second Consultation has been planned in line 

with the recOllllllendations of the First Consultation and the above-mentioned 

decibion of the IDB. 'Dte preparatory work, therefore, covered two main areas; 

development of capital goods industry!/, and energy-related technology and 

equipment. 

3. 1be wide coverage of energy-related technologies and equipment (see 

Figure 1.1) has made it necessary to review them in order to identify the 

areas which could be discussed at the Second Consultation. 1bis rPview was 

mad~ at the ~xpert group meetings which were held at Vienna, Austria, 10-12 

October 19d3 and 19-21 December 1983. 1bese meetings, after considering 

several alternatives, have recOllllllended that electric power equipment industry 
4/ should be selected for further study- • 

4. In line with the recommendations of the above-mentioned expert group 

meetings, UlllDO has carried-out the following activities: 

!/ 

2/ 
l/ 

UNIDO; Report of the First Consultation on the Capital Goods Industry, 
UllIDO/ID/276, 1981. 
UllIDO; Report of the IDB on its seventeenth session, UNIDO/ID/B/308, 1983. 
See: Issue paper I and its background document prepared for this Secona 
Consultation: Conditions of entry into the capital goods sector and 
s'rategies for integrated manufacture. 
UHIDO; Report of the December 1983 meeting, UllIOO/PC.87, 5 January 1984. 



Figure 1.1 Energy-related technologies and equipment 
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a) A typology of developing countries has been developed.~/; 

b) Eleven country case studies were carried-out for UNIDO by experts from 
the following countries.~/: 

1. Algeria 
2. Bolivia 
3. Cameroon 
4. Colombia 

5. Egypt 
6. India 
7. Indonesia 
8. Mexico 

9. Pakistan 
10. Republic of Korea 
ll. Tanzania 

c) A synthesis of the country case studies has been madel./; 

d) A questionnaire for the survey of major equipment manufacturers has 
been prepared 'nd a test run has been made among French 
manufacturers! i 

e) Sets of strategies aimed at the development of electric ~~wer 
equipment sector have been formulated separately for each of the 
groups of developing countries as identified in the typology study!!; 

5. llle outcome of these activities were discussed at an expert group meeting 

which took place in November 1984101• lllat Meeting endorsed the 

documentation prepared by the UNIDO secretariat and made recommendations with 

regard to the issues which could be considered by the Second Consultation. 

1.2 Electric power industry in developing countrier 

6. llle electric power system involving the infrastructure, equipment and 

services for the generation, transmission and distribution of electricity ia 

one of the most important contributors to the industrialization and overall 

growth of a developing country. By the electrification of a country it is 

2,/ UNIDO; Electric power equipment production in de~eloping countries: A 
typology and elements of strategy, UNIDO/IS.509, 18 January 1985. 

2_/ llle case studies are available upon request from the UNIDO Secretariat in 
original languages and in draft English translation wherever applicable. 

II UNIDC; Electric power equipment production in developing countries: 
Options and strategies - An analysis of eleven country case studies, 
UNIDO/IS.507 and Add 1, 7 January 1985. 

!/ Documents available upon request: 
a) Analysis of the strategies of actors involved in the electric power 

equipment industry: problems and survey questionnaire for manufacturers. 
b) Survey on French companies producing electric power equipment 

9/ Op. cit. 5/ 
lO/ UNIDO; Report of the Expert Group Meeting on the Electric Power Equipment 
~ Industry, UNIDO/PC.107, 11 December 1984. 
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possible to create at one and the same time favourable conditions for 

industrial development and the improvement of the population's living 

conditions. Moreover, rural electrification is a fundamental element in all 

programmes to improve the living conditions of rural population, thus in turn 

contributing to the efforts being made by all d~veloping countries to halt the 

rural exodus. It also makes possible to encourage the emergence of 

small-scale industries and their better distribution throughout the country. 

Therefore, all developing countries give high priority to ele~~rification 

programmes, including, more and more, rural electrification. 

7. Since investments in electricity generation have priority in most 

d l . . ll/ l . . . . d d . eve oping countries-- , e ectric power equipment is in great eman in 

these countries. Although the shares of developing cou~tries in the world 

installed capacity and generation of electricity are 'mall (in 1~82, 16.01% 

and 15.86%, respectively), their corresponding growth rates have been greater 

than those of developed countries (see Annex I). During the 70's the rate of 

growth of installed capRcity!!/ in developing countries was 9.2% compared to 

5.5% in developed countries. 'Dlese growth rates, ho~ever, have substantially 

slowed down in the 80's: For example, between 1980 and 1982, to 6.6% and 3.1% 

in the developing and developed countries, respectively. 

8. Typically, for most developing countries, the ra~io of growth rates of 

electricity generation to GDP, averaging around 1.2, is higher than that of 

growth rates of energy to GDP, averaging around 1.0. This is even more 

eviuant after 1973, when the share of oil in total energy began to fall due to 

the rise in oil prices. The reasons for this are not difficult to find. As 

seen from Figure 1.2, on the supply side, electricity is a flexible form of 

.!1/ 

g/ 

The power sector claims one of the largest shares (18 to 20%) of public 
investment in most developing countries. It also claims the largest 
component of aid provided to developing countries. 
a} UNIDO; Investment requirements of developing pooAer industries for the 

industrialization of de,•eloping countries, UNIDO/IS.359, 1982. 
b) Collier, H.; Developing eler.tric power: 'Dlirty years of World Bank 

experience, The World Bank, 1984. 
As an indicative parameter, installed capacity is preferred over 
electricity generation and/or consumption since it relates directly to the 
maLket for electric power equipment. 
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energy that could be generated from several indigenous sources, e.g. hydro, 

coal, gas, fuel-oil, nuclear, geothermal, etc. On the demand side, it is a 

highly efficient and versatile form of energy that could be used in thermal 

and electro-chemical processes, and through electromagnetic conversion for 

rotating. In the developing countries, it is increasingly becoming a 

substitute for human energy, non-commercial energy and energy from fossil 

fuels --especially oil. 'lbus, in spite of the high oil prices, electricity 

growth rates have continued to be high, although not as high as they used to 

be prior to 1973. 

1.3 Procurement of electric power equipment by developing countries 

9. 'nle developing countries imported electric power equipment of nearly 

US$ 15 billion (in current dollars) in 1983. For the individual countries, 

such imports represent a large share of export earnings. Among the total 

imports of energy-related capital goods, the electric power sector claims on 

the average a share of nearly 75%, the remaining share being mainly for 

equipment related to fossil fuel development. 'lbe share of electric power 

equipment is even higher for those countries which do not have fossil fuel 

resources. 

10. 'nle procurement of electric power equipment by developing countries does 

not concern them alone but also the developed countries. Of the total world 

trade of about US$ 45 billion, the share of developing countries was nearly 

32% in 1983. 'nteir share in the world trade rose from 27% in 1970 to nearly 

34% in 198o!l1. 

11. It is interesting to note that, in most developing countries, the new 

electricity generation capacities have been created through turn-key supply 

13/ While this trend of rising shares was interrupted in 1983, the informal 
inquiries with manufacturers from developed countries indicate that during 
the remaining years of the decade, a considerable part of the business is 
expected from the developing countries --see; Op. cit. 8(a) and (b)/. 
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14 15 16 17/ 
arrangements ' ' ' • These arrangements, which impact negatively on the 

development of an indigenous industry have possibly been made as a result o_: 

Policies of packaging of large power generation and transmission 
projects of high technological complexity, effectively excluding local 
participation; 

Policies by funding agencies that are actively prejudice against all 
but established firms; 

De facto actions on the part of, for instance, electric power utility 
decision makers in the d~veloping countries who may believe that for 
the reasons of product quality, reliability or consistency or simply 
from habit that equipment must be purchased from a foreign supplier. 

12. In order to reduce the payments in foreign exchange and to increase one's 

self-reliance, the dev~loping countries have to mobilize their efforts for 

domestic manufacturing of electric power equipment in whatever modest a way 

possible. Behind the goals of indigenization lies the basic desire for 

participation in the process of industrialization. Whether small or big, 

whether oil exporting countries or islands and land-locked countries, they all 

recogni~e the need for industrialization, although patterns of 

industrialization may differ for each. Electricity is an essential component 

for this industrialization; however, the specific priority for manufacturing 

electric equipment would depend on the extent of electricity demand, patterns 

of industrialization, priorities of other sectors which may alsocliim skilled 

personnel and financial resources, etc. 

1.4 Scope of the study 

13. A schematic diagram of an electric power system is given in Figure 1.3. 

The establishment and operation of such a system include both the hardware 

activities such as manufacture and assembly of all related equipment, 

14/ Op. cit. 5/. 
15/ Op. cit. 1!. 
16/ UNCTAD; Technological impact of the public procurement policy: The 
~ experience o; the power plant sector in the Republic of Korea, UNCTAD, 

TD/B/C.6/105, 1984. 
lJ../ UNCTAD; Trends in the procurement of electricy generating plant in 

developing countries, UNCTAD, TD/B/C.6/AC.9/3, 1982. 
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construction of dams, structures and buildings, and software services such as 

planning, consultancy and engineering, supervision, research and development, 

etc. for the generation, transmission an1 distribution of electrical energy. 

'lbese equipment and services cover a wide spectrum of varying complexity 

levels from the simple wooden distribution pole to the veLy complex gas 

turbine; and from simple civil engineering for rural electrification to very 

complex large power plant engineering. 

14. In order to be able to describe the process of development of the 

electric power sector, one must take into consideration all the activities and 

products mentioned above. 'lbe wid2 scope of these activities and products 

makes it possible for developing countries to enter into the electric power 

sector at a complexity level which is compatible with their development 

stage. 'nle main purpose of this approach is, therefore, not to limit targets 

merely to the production of capital goods, and consequently, not to exclurle a 

large number of countries from the scope of discussion. In practice, 

furthermore, equipment in the strict sense represents on the average only 50% 

of investments (for a m~dium voltage <listribution line, for example, the share 

of equipment is even lower). 

15. While the purpose of this paper is to fr::us on the manufacturing of 

electric power equipment, the di9cussion on the electric power systems and 

power projects is inevitable. 'nl~ former is not concerned with isolated 

components to be manufactured or imported, but a whole system --including 

construction, installation, operation and repair and maintenance. 'Ibis again 

splits into power generation, transmission and distribution systems. 'lbe 

latte~ is extremely important for the developing countries in view of the much 

nee~ed rural electrification, which involves considerable on-site labour and 

low-technology components. 'nlese could be manufactured in the developing 

countrie...!!1• On the other hand, electric power projects include the entire 

process from project design, feasibility studies, construction, supply of 

equipment, a~sembling, testing, quality control, etc. 'nlus, power projects 

include much of the on-site activities which are not directly concerned with 

manufacturing but within the capability of many developing countries. 

1!1 Op. cit. 11· 
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16. In an effort to identify the possibilities for developing countries to 

increase their participation in the development of their electric power 

systems in general, and implementation of specific electric power projects in 

particular, an approach which may be called "technology unpackaging" is 

adopted here. nte technology package is defined as the combination of all the 

hardware and software activities involved in the establishment and operation 

of electric power systems and/or projects. Technology unpackaging, however, 

is defined here as the capability of disaggregating a pow~r system project 

into its component activities and progressive mastery and/or indigenization of 

each activity. 
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CHAPTER 2 

INTEGRATED PLAllllIMG FOR ELECTRIC POWER EQUIPMENT: RATIONAL OBJECTIVES 
AID ECONOIIC PLAMllING 

2.1 Introduction 

17. As illustrated in Figure 2.1, it is essential that integrated planning 

should be done for electric power equipment so as to be in harmony with the 

national objectives, economic planning and development of other sectors --and 

some specific sub-sectore-- of the economy. 

18. In setting the national objectives, the availability of natural, 

re~ourc~s, human and physical capital, geoclimatologicai and demographic 

conditions as well as cultural and traditional aspects need to be considered 

in order to be able to maximize the advantages and to minimize the risks. 

1bese national objectives and rationale behind them would have to be 

considered for economic planning. For example, some countries, whose primary 

goal is to meet the basic needs of their population, may emphasize food 

production: 1berefore, substantial shares of energy and electricity would be 

required for irrigation, food processing, households, etc. On the other hand, 

some newly industrializing countries (NICs) may need different types of 

industries and rather advanced service sector, and therefore, their energy and 

electricity requirements would be different. 1bus, economic planning would 

lay down the ground rules of the interrelationships between the development of 

several sectors. 1be concern of the present paper is restricted to the 
19 20/ . integrated planning of industry and energy ' , and the linkages between 

industry, energy and electricity. 

19. Figure 2.1 illustrates this hierarchy and the industry-energy-electricity 

nexus within the rest of the economy which needs to be considered before 

assigning priorities to the manufacturing of electric power equipment. 

Referring to Figure 2.1, first, the sectors (boxes) and then the linkages 

(arrows) between sectors and sub-sectors related to the industry-energy

electricity nexus are discussed. 

']ii UNIDO; Energy and industrialization, with special emphasis on development 
and application of energy re•ources and manufacture of equipment, Fourth 
General Conference of UNIDO, ID/CONF.5/7, 1984. 

20/ UNIDO; Energy development and industrialization, UNIDO/OED.135, 1982. 
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2.2 Integrated energy and induatry planning 

20. Long-term energy pldnning is a prerequisite for identifying actual 

projects for energy development as well as planning for manufacturing electric 

power equipment. Energy planners should cons:".der, with other elements, the 

future demand for energy for the rising population and income, the 

availability of mineral and renewable energy resources, the need f~r and the 

viability of fuel-substitution through electricity. 

21. Long-term industry planning would require to consider, among ethers, the 

skills pool, mineral resources, supply of intermediate goods, technical 

infrastructure and available financial resources. In general, industries 

based on primary resources, such as textiles, paper, cement, iron and steel, 

etc., and import substituting industries m'".•·.~!~.:~1.&ring consumer du: able 

goods, have received greater attention in the developing countries than the 

capital goods industry which requires higher levels of infrastructure, skills, 

capital as well as an assured continuous demand. Furthermore, within the 

capital goods sector, there are a number of subsectors among which the 

priorities would have to be assigned. Some examples are agricultural 

machinery, machine tools, transport equipment, energy-related capital goods, 
. d . 21/ etc. in ustries-- • 

2.3 Inergy for induatry 

22. In the developing countries, the industry is often the largest user of 

cmmnercial energy. If non-commercial energy is included, however, in many of 

the low-income developing countries the household sector turns out to be the 

largest user. Among various energy forms used in the industry, electricity 

has a special role. 'lllere are very few industries which do not need 

electricity. Industries could be classified in three categories for the 

purpose of energy planning (which is a somewhat different composition than 

that illustrated in Figure 2.1): 

a) High energy-consuming industries such as iron and steel, non-ferrous 
metals, fertilizers, heavy machine building, etc. are often called 

~I Op. cit. ~/. 
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heavy industries. One could also add paper, cement and textiles as 
moderate energy users to this category, even though per ton of output 
they do not require as much energy as the heavy industries. Beca~se 
of the rel&tively high demand for these basic products, significant 
share of the total energy used in the industry as a whole is allocated 
to these industries. 

b) Other industries which require small or moderate amounts of energy, 
such as manufacture of light machine.:-y, chemicals, rubber, pottery, 
etc. 

c) Rural industries (such as manufacture of bricks, lime, charcoal, 
simple chemicals --soaps, dyes, etc.; leather processing --tanneries; 
food processin5 industries --rice mills, flour mills, oil mills, sugar 
mills, and fish, meat, ve&etable and fruit processing and 
preservatiou; etc.) require a different approach to energy and call 
for rural electrification and development of locally available new and 
renewable ene~gy sources (NRSE} such as bio-gas generation, solar and 
wind energy, small-scale hydropower generation, etc. 

2.4 Industry for energy 

23. ntis linkage is the most important for the prese,t discussion. Each of 

the categories of industries described above has a role to play in the energy 

supply development and, therefore, in making more energy available to 

industries. For example, industries in category (a) provide the basic raw 

materials required for manufacturing capital goods for energy; i.e. iron and 

steel, aluminium, cement, etc., which in turn require energy. In fact, there 

is a high correlatiou between the extent of energy-intensive material 

production, such as steel, aluminium, etc. in a country and the extent of 

self-reliance in the manufacture of capital goods for energy. 

24. nte light to medium-sized energy-related equipment, such as motors, 

distribution transformers, wate~ pumps, pipes, valves, cables, etc., which 

require the infrastructure of industries mentioned in category (b) and are 

generally manufactured by these industries. 

25. ntere would be also an input from the rural industries in terms of the 

energy-related capital goods and energy facilities. Manufacture of bricks for 

civil works, wooden poles, bio-gas generators; repair and maintenance of and 

supply ot other skills for the rural electrification installations are 

examples of such an input. 
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26. 'Dlus, industry and energy are interdependent and energy or electricity 

development calls for integrated industrial planning vith energy and 

electricity components built into it. Going one step further, even the 

development of the electric power equipment industry is a step process that 

goes hand in hand vith the indust~ial development and industrial 

infrastructure. 

27. After illustrating the interdependence between the sectors and 

subaectors, next the question of manufacture of electric power equipment vill 

be discussed. 
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CBAPTll 3 

MANUFACTURE or ILECD.IC POWD EQUIPMlllT AllD 
CLASSIFICATION OF EQUIPKDT AllD DEVELOPING COURTll.IES 

3.1 Introduction 

28. When one considers an issue that covers a large number of types and sizes 

of equipment, widely varying services and more than 100 countries, a 

conceptual framework for aggregation and grouping is necessary. Without this, 

it may be difficult to identify the problem and to formulate the possible 

policies and strategies. 'ntis section develops classification principles of 

technologies for different equipment and a country grouping ~ethodology. 

3.2 Classification of equipment 

29. For clas~ification of capital goods, UNIDO has developed the methodology 

of Analysis of Technological Complexity (ATC) 221 • ATC enables the grouping 

of all capital goods according to their technological production routes and 

six complexity levels. 'ntese six levels are determined by a complexity index 

which takes into account all software and hardware factors of product anci 

production. A comprehensive analysis and classification of electric power 

equipment using ATC has not yet completed. 'nterefore, a simpler grouping 

based on few indicators is adopted her~/. 

30. 'nte indicators used for classification here are: 

a) Size and scale of the itea: 'nlis factor is crucial for 
manufacturing certain items, such as 5 MW or 500 MW turbo-generators, 
or 33 kV or 400 kV transmission lines. 'nae lower-end equipment may be 
easier to manufacture than the latter. Furthermore, the required size 
of manufac~uring facilities and the level of technical infrastructure 
are generally determined by this factor. 

b) Precision and skills required for .. nufacturing: 'nte manufacture of 
some equipment, independent of size, may require high precision and 

22/ Op. cit. 3/. 
23/ Op. cit.]_/. 
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specific skills. Large turbo-generators and computerized measuring 
and controlling equipment are examples from extremities of the size 
scale. 

c) ne .. nd for the itea: If a large number of units are required every 
year, mainly due to domestic demand but also partially due to the 
possibility of exports, manufacture of these equipment becomes 
economically viable, e.g. distribution transformers, poles, wire, 
cable, etc. 

31. 1be electric power equipment industry is not a prime-mover of and/or an 

entry route into the capital goods sector. On the contrary, its development 

is depended upon the existing level of capital goods industry, engineering 

skills and supply of intermediate goods. For all countries, therefore, there 

is the question of linkage between the electric power eqvipment sector and the 

capital goods sector as a whole. Keeping this in mind, it is reasonable, 

however, to assume that decision-making for domestic manufacturing versus 

imports would have to balance the above three indicators. 

32. Based on ~hese indicators, the following broad cl£ssification pattern can 

be suggested for electric power equipment
241

: 

a) High technology equipment: 'Olese are often large-size equipment 
which may require sophisticated skills and precision in 
manufacturing. Generally, they are not needed in large numbers and 
therefore there are only a few manufacturers; often only one in a 
country, if any. 'Dtey include large items like turbines, generators, 
boilers, high-pover and/or high-voltage transformers; precision items 
such as measuring and controlling equipment, etc. 'Dtey relate in 
particular to large-scale power generation and high-voltage 
transmission. Often they are tailor-made for specific locations and 
conditions which may be difficult. 

b) Hediua technology equipment: Distribution transformers, switchgear, 
small- and medium-sized motors, compressors, pumps, etc. are 
considered medium technology items. 'nley are demanded in large 
numbers and could often be manufactured by several manufacturers. 
'Ibey do require precision and skills but not of especially high 
order. Some are also used by industries other than the energy, 
leading to increase in demand. 

lnstitut de Recherche Economique et de Planification du Developpement, 
Cronoble, France (UNIDO Consultants); Capital goods for the production and 
distribution of electrical energy, 1979. 
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c) Lov technology equipment: lbese refer to items like 11\etal 
transmission towers, wire and cable, fuses, etc., which are usually 
required in large quantities. 'l'hey have great relevance in rural 
electrification, and some of them could also be manufactured in the 
unorganized sector. 

33. lbe activities in connection with the establishment and operation of the 

electric power system are not limited to manufacture of equipment but also 

include a variety of software services. lbese services, as in the case of 

equipment, could be classified accor<ling to their complexity: Low complexity 

services such as simple civil engineering, design and development of rural 

distribution systems, assembly of moderate-size power plant equipment, etc.; 

medium complexity services such as design and development of power plant 

pr·.>jects, specifying equipment, supervision of projects, engineering of low 

and medium voltage transmission and distribution systems, etc.; and hi&~ 

complexity services such as design and development of equipment, operation and 

management of the system, etc. Another indispensable activity which may 

assume any complexity level is the repair and maintenance. 

3.3 Grouping of developing countrie•251 

34. Owing to the unequal level of development of developing countries, it is 

not possible to deal with all of them in an undifferentiated manner. In some 

of the countriea there is no capital goods industry, so that it will be 

necessary to consider a strategy for commencing activity in this branch. In 

the other extreme, the national capital goods industry produces the full range 

of equipment; then it will be a question of consolidating this industry and of 

enabling it to produce the most sophisticated types of equipment and/or give 

it access to advanced technology. Similar differences also exist between the 

software capabilities of different developing countries. Between these two 

extremes, one can find almost all levels of the development of this industry. 

It is beyond the Rcope of this paper to deal with every country individually. 

lberefore, the countries are grouped according to their potential to develop 

the electric power equipment industry. 

Op. cit. 5/. 
Op. cit. l/. 
Op. cit. llCa)/. 
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35. At the world level, the electric power industry is often represented as 

1 . 1 t 126,21,28,29,30,:a,32,33,34/ Th" b an o 1gopo y, as a car e · • is statement can e 

~oftened in the case of more ordinary equipment, for which the technology has 

been mastered in a large number of medium-sized companies in the 

industrialized countries and in a growing number of developing countries. In 

this case, the respective bargaining capacities of the ovner of technology and 

the developing country desirous of obtaining it are very different from that 

in the first case. The grouping of developing countries will ther~fore also 

make it possible to take into account this gradation in barg~ining conditions 

for the transfer of technology. 

36. The final typology should, therefore, permit the formulation of strategies 

that take into account the differences in the industrialization level 
of the countries; 

that are linked to the technological complexity of the hardware and 
software activities ~-hose indigenization is envisaged; and 

that evaluate bargaining power for the transfer of technology 
according to the structure of the electric power equipment industry at 
world level. 

26/ Op. cit. 8/. 
27/ UNCTAD; ripact on developing countries of restrictive business practices 
- of TNCs in the electrical equipment industry: a case study of Brazil, 

UNCTAD, ST/HD/9, 1978. 
28/ UNCTAD; The international market power of TNCs: A case study of the 

electrical industry, UNCTAD/ST/HD/13, 1978. 
29/ UNCTC; Transnational corporations in the power equipment industry, UNCTC, 

ST/CTC/22, 1982. 
30/ Epstein, B.; Politics of trade in power plant, Trade Policy Researr.h 

Centre, London, 1971. 
~I Epstein, B. and Mirow, K.R.U.; Impact on developing countries of 

restrictive business practices of TNCs in the electrical equipment 
industry: A case study of Brazil, UNCTAD/ST/MD/9, 1978. 

32/ Newfarmer, R.; Translational conglomerates and the economics of 
development: A case study of the international electrical oligopoly and 
Brazil's electrical industry, Jai Pre11s, Greenwich, Connecticut, 1980. 

33/ Sultan, R.C.M.; Pricing in the electrical oligopoly, Vol. I: Competition 
or collusion, Harvard University Press, Cambridge, Massachusetts, 1974. 

1!!,I Surrey, A.J.; World market for electric power equipment, Science Policy 
Research Unit, University of Sussex, 1972. 
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37. A typology prepared along these lines is presented in another document 

d f . S d Co l • 35/ F f . prepare or this econ nsu tation-- • or the purpose o this paper, 

however, a simplified version of that typology was developed. Tite 

simpi.ification is achieved by applying another indicator, i.e., the total 

installed electricity generation capacity and its average annual growth rate. 

llte reclassified groups are shown in Table 3.1. 

38. Referring to Table 3.1, the following is a brief description of the main 

characteristics of the country groups: 

a) Croup A (Newly Industrializing Countries - NICs): In 1982, this 
group had nearly 60 per cer' of the total installed electricity 
generation capacity of developing countries. It consists of seven 
countries presently engaged in manufacturing electric power equipment 
requiring skills and facilities of somewhat large-scale nature. Titeir 
attributes, except Singapore (which is included in this group because 
of its high production capacity and large market), are: 

Annual energy consumption of at least 30 million tons of oil 
equivalent (30 mtoe); 
Total installed electricity generation capacity is more than 
10,000 MW; 
Annual increments in the electricity generation capacity in the 
order of the multiples of 1,000 MW; 
Large domestic markets for electric power equipment. 

b) Croup B: lltis group includes nearly thirty countries which are or 
could be engaged in manufacturing low- and medium-technology items. 
During the period 1970-1980, most of these countries added generation 
capacity of 2500 MW and more. nteir total installed generation 
capacity is between 1,000 and 10,000 MW Titis group had nearly 30 per 
cent of the total electric capacity of the developing countries in 
1982. 

c) Croup C: This group consists of numerous small countries (more than 
80) which have very limited manufacturing capacity even for the low 
technology ite1ns. Some countries of this group, such as the least 
developed countries (LDCs), may even find it difficult to maintain 
their power systems due to lack of spare parts and skilled personnel. 
They may require assistance, financial as well as technical for power 
system planning. Their annual demand is within the range of 1 MW to 
50 MW. Host of the countries of this category added less than 250 MW 
during the decade 1970-1970. Except a very few cases, their installed 
generation capacity is below 1,000 MW. 

35/ Op. cit. '2_/. 
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39. 111.e above disr.ussion makes it clear that the policy for manufacturing or 

importing the electric power equipment would depend on the l~Ountr.1 

characteristics and the level of technology required for manufacturing. "lltere 

is also the question of modalities for manufacturing which is discussed in the 

neJtt chapter. 
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Table 3.1 Typology of developing countries 

GROUP C 

1 Afghanistan 
2 Angola 
3 Bolivia 
4 Burkina Faso 
5 Caaeroon 
6 Central African Republic 
7 Chad 
8 Congo 
9 Costa Rica 

10 Dominican Republic 
11 El Salvador 
12 Guatemala 
13 Guinea 
14 Haiti 
15 Honduras 
16 Jamaica 
17 Jordan 
18 Ruwai .. 
19 Lebanon 
20 Liberia 
21 Libyan Arab Jamahiriya 
22 Madagascar 
23 Malawi 
24 Hali 
25 Mauritania 
26 Mozambique 
27 Nepal 
28 Nicaragua 
29 Panama 
30 Paraguay 
31 Senegal 
32 Sierra Leone 
33 Somalia 
34 Sudan 
35 Tanzania, United Rep. 
36 Togo 
37 Trinidad and Tobago 
38 Uganda 
39 Uruguay 
40 Yemen 

GROUP B 

1 Algeria 
2 Bangladesh 
3 Burma 
4 Chile 
5 Colombia 
6 Cuba 
7 Ecuado1· 
8 Egypt 
9 Ethiopia 

10 Ghana 
11 Indonesia 
12 Iran, Islamic Republic 
13 Iraq 
14 Ivory Coast 
15 Kenya 
16 Korea, Dem. People's Rep. 
17 Malaysia 
18 Morocco 
19 Nigeria 
20 Pakistan 
21 Peru 
22 Philippines 
23 Saudi Arabia 
24 Sri Lanka 
25 Syrian Arab Republic 
26 Thailand 
27 Tunisia 
28 Venezuela 
29 Zaire 

G&OUP A 

1 Argentina 
2 Brazil 
3 Chba 
4 India 
5 Korea, R of 
6 Mexico 
7 Singapore 
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CllAPTIR. 4 

MODALITIES: EVOLUTIOR Fl.<11 DIPORTS TO Ili>IGEHIZATIOR 

4.1 Introduction 

40. The analysis of eleven country case studies carried out for UNI~/ 
d dd . . 1 • f . 37,38,39/ . an a 1t1ona country 1n ormat1ou have shown that there 1s a 

gradual transformation in a country's ability to manufacture simple low 

technology items, such as poles, pylons, Yires and cables, etc. to high 

technology items, such as generators and turbines. 'Dtis depends on the needs 

of the country and other parameters which are identified while classifying the 

countries into groups A, B and C. ~ere is yet another variable to this 

transformation and tha~ conc~~ns ~Jdalities. From a complete import of 

turn-key project mode, a country could gradually strengthen its capacity to 

indigeni~e to the extent possibl~ by going through one or ~ore different 

modes. 'Dtese al~ernative modes may or may not be completely gradual depending 

on the policies pursued; but while a few steps could be jumped, it is 

unlikely that a country would switch from total import reliance to complete 

indigenization without going through intermediate modes whereby they go 

through a learning proceas so as to master technologies, develop skills and 

infrastructure. ~elative advantages, constraints and prerequisites for these 

modes are discussed below. 'Dte order of these modes, however, may vary 

depending on the specific approach of individual countries. 

41. Recalling the distinction made in para. 15 concerning power systems and 

power projects, it is appropriate here to mention the distinction between 

unpackaging projects and unpackaging technology. 'lbe former involves carrying 

out the planning and design, feasibility studies, choosing parameters and 

specifications of different components, assembling and installing hardware, 

36/ - Op. cit. 6/. 
Op. cit. "f/. 

37/ Electric power equipment industry in Sri Lanka, in op. cit. z!. 
38/ Production of equipment for power generation and distribution in Peru, in 

Industrial restructurin in Peru - Policies for rowth and develo ent, 
UNIDO, to be published • 

39/ 'Dte viability of establishing a regional ehctric power equipment industry 
in the ECWA Region, UNECOSOC/ECWA, E/ECWA/ID/WC.4/6, 1980. 
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on-site construction etc. Some of these activities can be carried out 

gradually by a team of skilled and trained personnel without entering the 

phase of manufacturing. On the other hand, unpackaging technology refers to 

understanding the design and ter.imolog5.cal manufacturing route of individual 

components and actually manufacturing them, including tne testing and quality 

control. Titus, the first three modes ffientioned below deal with unpackaging 

projects while the next four modes refer to manufacturing the equipment. It 

st,ould also be stressed that the modalities described below do not necessarily 

apply to electric power generating systems alone but also to power 

transmission and distribution. 

4.2 Modalities of indigenization 

42. Turn-key imp~rt from a single source; This mode is pursued by many 

developing countries of grou,s B and C. It is often delivered with speed and 

reliability and by a single source, which takes the full responsibility of its 

execution, but puts on a high premium for risk factors such as possible 

charges that may arise due to failure of any component and/or sub-contractor. 

Therefore, it involves significant foreign exchange and due to this 

requirement, the international funding agencies can have a great influence on 

such projects. 'Die responsible firm (prime contractor) subcontracts other 

firms of their own ~hoice and takes the responsibility to match the 

specifications of different components and to exercise quality control. Apart 

from paying high costs, a developing country may not always get what is in its 

best interest. Furthermore, in this mode, there is no scope for national 

participation since all the responsibilities and control are given to others. 

43. Aaseabling iaported parts: 'nlis may be a yet cheaper way of 

constructing a power pla~Lt, in which all the components are imported but 

assembled within the responsibility of local parties. Tite local participation 

would also involve planing and construction of the civil works, and taking the 

responsibility of making the equipment function. Titis mode could be adopted 

especially in the cases of hydro-po~1er generation plants and the transmission 

and distribution systems. Entirely different meaning of this mode, namely, an 

aasembly line for mass producing a particular item, is excluded here • 

. . . ~~~~~~~~~~~~~~~~~- -·--~~ --~ 
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44. Aeseabling frOll different sources; 1bis mode requires a competent team 

of skilled technical personnel who know what is involved in ordering a power 

plant and could specify and match the different components. Adopting this 

mode may make it possible to obtain better bargains. However, the 

responsibility of exercising quality control, risk of failure of each 

component, etc. will be with the team that orders the equipment. As and when 

components from domestic firms are substituted for imported ones, this mode 

could promote the indigenization of power system components. 

45. Foreign subsidiaries; As and when the domestic level of skills and the 

strength of infrastructure increa~es, and provided that the market size 

satisfies certain criteria, foreign firms may get interested in setting up 

subsidiaries by bringing capital and technology into a developing country. 

1bey do not, in general, part with the technology but there are many 

peripheral activities in wbict 1omestic skills may develop. 1bis provid~s 

employment and work-environment for skilled and semi-skilled labour. 

Moreover, the equipment made by them will, in all likelihood, meet domestic 

performance requirements because the firms will be first interested in 

capturing markets of the developing countries they operate. However, the 

development of this mode depends upon the economic policies of the host 

country and offers of attractive benefits for encouraging such ventures and 

the rights of the subsidiaries to repatriate their profits. 

46. Domestic manufacturing under licence: As and when the technological 

infrastructure gets stronger and domestic market expands, and provided that 

clear Government policies and incentives exist, the domestic firms get 

interested in manufacturing equipment themselves --either under licence or 

adopting the designs of those equipment which have expired patents. Some low

and medium-technology items could be directly manufactured under this mode for 

import substitution. However, for more complex items, this mode could be 

difficult and costly. In general, this route involves modifications in the 

design of products and processes to adopt them to local conditions. 1be 

critical success factor of this mode is to aim at mastery of technologies and 

higher local participation, rather than to choose the easy way and stall at 

the assembly phase. 
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47. Joint venturee: When the technological level and the market size in a 

developing country •eet their requirements, the foreign firms 

may be interested in taking domestic firms as partners for which equity is 

shared and so are the responsibilities. Here again, certain Government 

policies may be necessary such as the contractual terms concerning technology 

transfer. 

48. Coaplete indigenization: 1bis involves total disengagement with any 

foreign firms. lbis is, of course, not very difficult for low and medium 

technology items but for more complex equipment, complete mastery of 

technology, local R+D, design and innovation capability, etc. are required, as 

well as the existence of a developed infrastructure. 'Dtis is the final step 

of evolution process and is complete only when the developing countries begin 

to become economically competitive with the developed countries in 

manufacturing a given equipment of similar quality 

4.3 Role of Government policies: Some exaaplee for different .odes 

49. Each one of the modes discussed above has its advantages and 

disadvantages. 'Dteir applicability in a specific case of a developing country 

would depend not only on the economic and technological factors, but also on 

the policies and strategies adopted by that country. Furthermore, the parties 

involved in each case and/or mode could be different. For example, technology 

donor could be a Transnational Corporation (TNC) or a Small- and Medium-sized 

Enterprise (SHE) from a developed country or a company from a NIC. The 

national firm engaging in manufacturing activity could be a state enterprise 

or a private or a mixed one. The role played by bilateral/multilateral/ 

international funding agencies might also be different for each case. But one 

important consideration which permeates all modes is that the relevant 

Government action, which is based on clearly stated and concretely implemented 

political decisions and on the leverage of the public utilities hold as the 

purchasers, is a prerequisite for the development of electric power equipment 

sector. 

50. Governments of many developing countries have taken political decisions 
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to incre:1se indigenization in industries in reneral, and in electric power 

equipmen~ industries in particular. Some of these actions by the Governaents 

of countries from Group A (NICs) are described below. Even though these 

experiences may only be indirectly relevant, they may help to understand 

implications of various policies and hindsights that are obtained so as to 

change policies in future or to provide guidance to other countries. 

51. Brazi1401 has proaoted the rapid expansion of the sector through joint 

ventures with and/or through subsidiaries of the transnational corporations. 

Although these companies are allowed to operate freely as far as technology, 

patents and innovation are concerned, there are restrictions concerning 

financial management, such as repatriation of profits, import and export 

restrictions, taxes, etc. 1be subsidiaries normally employ Brazilians but the 

policy decisions are with the parent firms abroad. As a result, Brazil has 

access to the modern technologies and the Brazilians obtain certain type of 

training, i.e., create certain work environment and to operate under certain 

management practices and disciplines of the foreign firms. On the other hand, 

the foreign firms have little association with the domestic firms and since 

technology and patents are with the parent firms, no experience could be 

obtained for design and innovation. 1be existence of these subsidiaries force 

the domestic firms to be competitive because they compete for the same 

contracts through tenders but since the domestic firms cannot afford extensive 

R+D, they are at a disadvantage. Nevertheless, over the years, Brazil has 

developed manufacturing capabilities of high order and is reasonably 

diversified. Furthermore, the involvement of subsidiaries in engineering and 

consultancy services was reduced in time by indirect legislation promoting 

national firms. 

52. In the Republic of Kore,/!1.1, technology unpackaging is mainly done by 

40/ - Op. cit. 10/. 
Op. cit. 27 /. 
Op. cit. 281. 
Op. cit. 30/. 
Op. cit. ll/. 

!!]./ - Op. cit. 67. 
Op. cit. 11. 
Op. cit. Io/. 
Op. cit. 16/. 
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using the purchasing power of the utility. 'Ihe country drew up clear 

indigenization policies and strategies and obtained technology through 

licenses bought by the national enterprises wholly or partly owned by the 

utility. 'Ihe private firms in the sector are also active, but direct 

involvement of foreign capital does not exist. 'Ihe required inputs of 

production are imported freely at the beginning and indigenized progressively 

as they become available within the country. The utility in this country 

plays the central role and is involved in every aspect of the development of 

the sector. 

53. In I d . 42,43/ n ia , the heavy electrical industry has been established 

through state enterprises and with the aim to attain complete 

self-sufficiency. In line with this target basic engineering capabilities has 

been created and technology transfer has been made through a limited number of 

licences. 'Ihe domestic market is protected and every effort is made to 

indigenize the inputs required for pr~duction. 

54. It could be argued that the cost of development of the electric power 

sector could greatly vary in each of the alternative routes mentioned above. 

As a future activity, the analysis of costs and risks involved in each cese 

could be carried out to assist the decision makers in the developing 
. 44/ 

countries-- • 

4.4 A.pecte of indigenization 

55. 'Ihere are several arguments that could be made against the increased 

efforts by the developing countries for indigenization in the electric power 

42/ - Op. cit. 6/. 
Op. cit. 11. 
Op. cit. lO/. 
Op. cit. 28/. 

43/ Krishnamurthy; V.; A case study of Bharat Heavy Electricals Limited 
(BHEL), in The changing role of public industrial sector in development, 
UNIDO/IS.386, 1983. 

44/ This activity was recomnended by the Expert Group Meeting on Electric 
Power Equipment Industry, November 1984 (report op. cit. !Q/). 
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equipment industry. Some of them may be valid in some situations but some 

others not. 1bey are discussed below to illustrate why and when they are 

valid and what exceptions should be made. 

56. It may be difficult to justify efforts for building up a technology which 

is not required often or not in sufficient magnitude. 1bis is the case for 

countries in Group C and 3oae '~untries ?f group B which add less than 50 H'J 

annually to their install.'~d capacity. However, in these cases, indigenization 

of equipment for transmission and distribution, and equipment which could be 
45/ 

used in other sectors, such aF motors, transformer~ , etc., could be 

relevant. 

57. Every country has differerat priorities for different sectors and some 

countries may find it more worthwhile to go for indigenization of transport 
46/ 

equipment or agricultural machinery or machine tools or consumer good~ • 

Here again, the question of overall national objectives and hence priorities 

for industrialization comes into forefront because it may not be possible to 

pursue many goals at the same time given limited financial and manpower 

resources. 'nlerefore, whether the electric power sector has a relative 

priority over other sectors or not needs to be determined in the overall 

economic planning. 

58. 'nle most important argument of the present time against the domestic 

manufacturing in the developing countries is that, regarding surplus capacity 

at the global level due to the falling demand or zero growth in demand in the 

market economy developed countries, there would be an increased opportunity 

f d b d 1 d d d 1 . • 471 u f 1 or tra e etween eve ope an eve oping countries--- • n ortunate y, 

this has not led to a spurt in purchases by the developing countries. Several 

reasons could be considered: 

a) 'nle falling demand in the market economy developed countries has 
caused the capacity utilization to decline and, consequently, the 

45/ UHIDO; Establishment of factories in developing countries for the 
~ production of electric distribution transformers, UNIDO/IOD.139, 1978. 
46/ Op. cit. 3/. 
47/ Op. cit. To/. 
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overheads to increase. lberefore, the prices of imports by the 
developing countries have increased. Of course, the costs of domestic 
activities, such as civil works, in the developing countries have gone 
up too, but a significant price increase in high technology items has 
taken place. 1lte high exchange rate for the US dollar since 1982 has 
only worsened the problem. Even if some prices did not go up in US 
dollars, there is nearly a 60 per cent rise in the value of the dollar 
itself as measured against the national currencies of most developing 
countries during this period. 

b) 1lte tightness of availability of finance has also led to great 
restraint on the part of the developing countries as well as --n the 
part of the financing agencies. 

c) lbe Jeveloping countries of Group A, which could provide large markets 
for the manufacturers in the industrialized countries, have only 
recently acquired self-sufficiency in domestic manufacturing and are 
at cross-roads whether to support the domestic firms by giving them 
the opportunity or to go for better equipment available from foreign 
firms, which, sometimes, also brings external finance in the bargain. 

59. lbus, there is a conflict between short-term goals of obtaining the 

electric power plants rapidly and long-term objectives of increasing 

self-reliance. A tricky balance between the two can be achieved with 

far-sighted policies. lbe slow process of training which requires to bear the 

costs of "learning by doing" and to put faith in the national talents and 

capabilities are the kind of measures required for building up technological 

self-reliance. 

60. Political uncertainties tend to emphasize short-term gains. lbe turn-key 

projects are easier to negotiate (but expensive to pay) and usually delivered 

within the stipulated time. 'nle international financing agencies usuilly 

require global tenders as a condition to provide funds. 'nlese agencies, are 

more concerned with reliability and speedy delivery rather than 

indigenization. Although it should be pointed out that in some countries, 

turn-key projects may be difficult to justify even on these two grounds. 

61. Taking many factors into account, ranging from surplus capacity, finance, 

etc. to technological constraints, different developing countries may wish to 

pursue the policies of indigenization at different levels and through 

different modes. However, in all cases, there is a basic need to develop the 

indigenous capacity to obtain basic understanding for technology unpackaging. 

While unpackaging technology to manufacture all types of equipment may be 
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possible for only a fev countries, the unpackaging of the turn-key projects 

should be possible for a very large number of developing countries of Group A 

and Group Band many from Group C. Such unpackaging, first of all, requires a 

team ~f compet-.nt individuals vith strong sup~ort of the Government, so as to 

bargain better and to specify clearly all the technical parameters of their 

own requirements. Even in case of a turn-key import, such a team vould ensure 

better delivery and stipulate contractual terms so as to avoid 

misunderstandings vhich could lead to delays, increased costs or inadequate 

returns for their money. 
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CllAPTIR 5 

TRDDS IN THE UPOITS or BLIC'DIC POWER BQUIPMUT 

5.1 Introduction 

62. Before one goes into formulation of policies and strategies, there is a 

need to look at the basic facLs, recent trends antl current positions with 

regard to production and trade of the electric power equipment. tbe analysis 

here is limited to the trade aspects since the reliable production data is not 

widely available. It may be argued, however, that some of the inferences 

could also be drawn with regard to manufacture of the electric power equiment 

from trade data, albeit indirectly. Discussions below are split into three 

categories: 

a) Some global trends at three digit levels48/; 

b) Structural changes in the trends; 

c) Specific trends of exports and imports by countries or groups of 
countries. 

5.2 General trend• 

63. 'Ille global trends are illustrated in a short summary given in Table 5.1. 

It can be seen that in current US dollar~, the total world export• amounted in 

1970, 1980 and 1983 to US$ 13, 39 and 34 billion, respectively, of which the 

corresponding shares of developing countries were 27, 37 and 32 per cent, 

respectively. 'Ille shares, however, show variations for different equipment: 

In 1983, for the electricity distributing machinery it was nearly 45 per cent, 

48/ tbese are aggregate levels classifying equipment into non-electric power 
generating machinery, electric power machinery and switch gear, and 
electricity distribution machinery classified by SITC code no•. 711, 722 
and 723, respectively. 'lllese are not the only equipment required for 
electric power system. 'lllerefore, the actual total trade figures would be 
larger. 



Total world exports 

Total exports to 
developing 
countries 

Shares of exports to 
developing countries 
in the world total 
(%) 

Table 5.1 Summary of the world trade in the electric power equipment 
(in US$ billions and current prices) 

Non-electric power Electric power Distribution 
generating machinery and machinery 
'D&chinery switchgear 

SITC Code: 711 722 ~·23 

70 75 80 83 70 75 80 83 70 75 80 83 

7.5 12.9 17.9 17.5 4.5 10.0 17.4 13.3 1.2 2.6 4.0 3.1 

1.9 3.8 S.9 4.5 1.3 3.7 6.7 s.o 0.4 1. 3 2.0 1. 4 

25 29 33 26 29 37 11 10 36 49 48 45 

Source: UN Trade statistics. 

Total 

70 75 80 83 

13.2 25.5 39.3 33.9 

3.6 8.8 14.6 10.9 

27 35 37 32 

This table includes only the equipment under SITC Code nos. 711, 722 and 723. However, there are many other items, such 
as controlling and measuring equipment, fuses, fuel and ash handling systems, cooling system equipment, water pumps, 
etc. which are not included here. It may be assumed that these co1.:modities may add 20-30% to the totals indicated in 
this table. 

....., 

....., 
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whereas for non-electric power generating machinery such as boilers, turbines, 

etc., it was 26 per cent. 

5.3 Structural change• 

64. The detailed trade data is given in Annex II. It is evident from this 

data that there have been several structural changes which have taken place 

over the period 1970-1980. The highlights are discussed below. 

65. There was a substantial rise in the total world trade of electric power 

equipment from us$ 13.2 billion to us$ 39.3 billion during the period 

1970-1980. The peak reached in 1980 dropped to US$ 33.9 billion in 1983. 

This drop is mainly due to the reduced electricity demand, which has become a 

worldwide phenomenon and has been especially the case for the developed 

countries. The reasons, however, are different for developed and developing 

countries. While in the developed countries it is ir. part due to increased 

efficiency of electricity utilization, in the developing countries it is 

mainly due to their inability to finance such imports. 

66. The share of developing countries in the world market went up from 27 to 

37 per cent from 1970 to 1980 but declined to 32 per cent in 1983. This is 

somewhat surprising because the fall in the electricity demand is much greater 

in the developed countries compared to the developing countries. This could 

be explained only partially by the increased ability to domestically 

manufacture the equipment and by lack of financial means compounded by the 

reduced demand even in the OPEC (Organization of Petroleum Exporting 

Countries) countries. However, a closer look at a number of other aspects is 

required before one could fully explain this. 

67. >...-.ong the major exporters are the USA, Japan and other OECD (Organization 

for Economic Co-operation and Development) countries. For the purpose of this 

paper, NICs of Group A are also included as exporters. For COlllllOdity group 

711, the value of exports in current dollars went up from 1970 to 1980 by 

nearly 8, 2, 4 and 2-fold for NICs, USA, Japan and other OECD countries, 

respectively • These increases were even larger for commodity groups 722 and 

·--------------·------------
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723. However, the sharp reduction over 1980 values took place for all 

commodities. 

68. For all the three commodity groups, the shares of NICs and the USA in the 

world exports during 1970 to 1983 remained the same with some minor 

fluctuations. Since the share of Japan increased all along from 1970 to 1983, 

the shares of the exports of the other OECD countries fell considerably. 1bis 

is rather surprising considering that the value of the US dollar was higher in 

1983 compared to 1980 and these c~untries would be expected to be more 

competitive than the USA. 

69. 1be share oi NIC imports in the world total has been around 8 to 10 per 

cent. 'Die share of imports of other developing countries has increased from 

1970 to 1980 but declined in 1983. 1be share of other OECD countries also 

declined but the share of the USA went up. In fact, it is surprising that the 

USA imports are rather large, around 25 per cent of the total world imports. 

'Die l'SA imports mainly from the other OECD countries, but is inc1easingly 

switching to the NICs, mainly to Mexico and Singapore. 

70. 1be question of re-exporting from foreign subsidiaries and exports to 

third countries by these groups merits some study but is beyond the scope of 

this paper. For example, the USA exports for commodity groups 711, 722 and 

723 in 1983 are US$ 5.0, 2.0 and 0.5 billion, respectively, but USA imports 

for the same COlllDOdities amounted to US$ 3.4, 4.9 and 0.4 billion, 

respectively. Although, these general commodity groups involve a large number 

of specific items, diversity alone does not explain this phenomenon in a 

single country. However, export-import within the group of other OECD, 

notably the EEC (European Economic Coanunity) group, which consists of several 

countries, is to be expected. 1be trade within the group amounts to more than 

50 per cent of the world trade. 'nlere is very little trade between the NICs 

and how to increase their co-operation among themselves needs to be looked 

into. 

5.4 Exports of electric power eguiP!!nt fra11 developing countries 

71. The exports of electric power equipment from developing countries form a 
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small share of total world exports but nonetheless are important to those 

developing countries which export them. ni;s is especially the case for the 

NICs, i.e. Group A countries. Many of them had pinned their hopes on exports 

of engineering goods. 1ltis was, in fact, the motivation behind major efforts 

and investmenc for most of thE countries in this group. However, as can be 

seen from Table 5.2, these hopes which seemed to realize in 1980 with a 

rewarding rise in the exports of electric power equipment compared to 1975, 

took a sharp downward plunge in 1983. 'nlis may be due to reduction in the 

electricity demand and subsequent excess global capacity to manufacture 

electric power equipment, which led to strong competition. 1lte NICs were 

obviously unable to face it, given also the handicap of lack of means of 

finance. In fact, even within their own countries, the domestic firms lose 

out to foreign firms who come with offers packaged with financial aid or loans. 

72. With regard to awarding of export contracts, those countries chat are 

able to come up with means to finance the projects either from the Government 

or from the international agenc:es are more successful in getting the 

contracts. 'nlus, Brazil, India and the Republic of Korea, unable to raise 

finance from their own Governments for export projects, find it difficult to 

obtain the contracts for external projects. 
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Table 5.2 Exports of the electric power equipment by the NICs 
(Group A) in 1975, 1980 and 1983 (in US$ millions and constant 1975 prices) 

SITC Code: 711 722 
Importer 

NIC Other World NIC Other 
Exporter Year Dvlpg Dvlpg 

75 3 7 13 3 7 
Argentina 80 4 12 23 3 6 

83 - - 6 - -

75 2 29 114 9 18 
Brazil 80 16 34 240 30 33 

83 8 19 300 6 18 

75 2 5 8 2 20 
China 80 3 11 17 2 3 

83 1 5 9 4 30 

74 1 23 35 1 18 
India 80 l 40 52 - 23 

83 - - 7 2 -

Rep. of 75 - 2 2 1 4 
Korea 80 - 5 46 3 26 

83 - - 4 2 5 

75 - 1 48 1 5 
Mexico 80 - 1 56 2 2 

83 - - 400 - -

75 1 26 62 2 50 
Singapore 80 G 52 95 4 66 

83 13 64 138 6 98 

75 10 101 282 17 122 
Total NIC 80 33 157 530 ! 44 189 

83 12 89 864 I 20 152 

Source: United Nations Trade Statistics, 1982. 

711: Power generating machinery, other than electric 
722: Electric power machinery and switchgear 
723: Electric distribution machinery 

723 

World NIC Other 
Dvlpg 

10 - 4 
11 - 6 

1 - -

34 - 3 
79 2. 7 
55 2 19 

23 1 3 
38 1 16 
36 1 5 

21 1 10 
27 - 2 

7 2 -

40 - 14 
llO 2 39 
102 8 3 

11 1 10 
260 - 4 
364 - -

85 - 7 
210 - 2 
474 - 17 

224 3 52 
736 6 95 

1040 13 44 

World 

6 
8 

-

5 
10 
25 

4 
18 

6 

23 
15 

5 

17 
45 
23 

12 
120 
217 

8 
23 
21 

76 
241 
298 
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CHAPTElt 6 

SOME ADDITIONAL FACTORS FOR THE MAllUFACTURE OF ENERGY-RELATED CAPITAL GOODS 

6.1 Introduction 

73. Development of electric power equipment industry needs to be considered 

in a much broader framework which also includes other factors, such as 

requirements of engineering services for power systems and power projects, and 

availability of raw materials. Moreover, as and when new and renewable energy 

sources are developed, such as bio-mass, wind and solar energy, etc., a new 

approach will be required for energy development in general, and for 

manufacture of energy-related capital goods in particular. 

6.2 Required engineering services and training 

74. Tile implementation of electric power projects requires engineering 

services as much as equipment. 'ntese services are varied and extensive in 

nature. 'ntey often call for skills which are not readily available in the 

developing countries. Tiley are required mainly at three stages: 

a) Prior to coD1Disaioning a project: Tilese include services for 
geological and seismic surveys, siting, project planning, carrying out 
feasibility studies, developing design specifications, etc. 'ntese 
services require a group of highly trained persons and hence the 
development of national engineering and consultancy capability. 1bis 
capability is often available in group A countries. In the countries 
of group B where foreign assistance is often necessary for power 
generation projects, these services are not always available. It is, 
therefore, necessary for them to give priority to the development of 
these services. 

b) Conatructing a project: 1bis requires services for constructing 
buildings, dams, structures, roads, laying railway lines, laying 
pipelines; assembly of equipment and installations for generation, 
transmission and distribution, and implementation of rural 
electrification projects. When most of these services coulA locally 
be provided, the share of local labour could be more than 50 per cent 
of the total services required. In addition to unskilled labour. 
these also require skilled services and supervision. The countries of 
group A are able to provide most of these services domeatically, 
except for occasional assistance for solving some exceptionally 
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difficult problems. nte countries of group B often need to work 
together with countries from which technologies are imported, 
especially for power generation and high-voltage transmission. nte 
countries of group C which are almost totally dependent on acquiring 
turn-key projects should initiate efforts to indigenize some of the 
services above. 

c) Repair and maintenance of facilities; Repair and maintenance of 
electric power installations such as thermal, nuclear or hydro power 
plants and transmission and distribution systems, requires services of 
skilled labour as well as some routine work. Moreover, spare parts 
could require as much as 10 to 25 per cent of the total investment. 
Except for some occasional assistance from abroad for special 
problems, group A and group B should be able to find the manpower 
required for maintaining energy facilities dO!llestically. ntis is not 
the case for some countries of group C and especially the least 
developed countries. Furthermore, the experience has shown that the 
effectiveness of repair and maintenance could substantially increase 
if the same team was trained and work in the assembly phase as well. 
It could also be argued that repair and maintenance could also 
constitute a possible route of entry into the the manufacture since 
most of the technical and technological knowledge required for the 
production have to be mastered for effective repair and maintenance. 

6.3 Backward and forward linkages 

75. 'lllese linkages are illustrated in Figure 6.1. Since the forward linkages 

with the end-user sectors, which determine the need for electricity and hence 

the electric power equipment, have already been discussed in Chapter 2, the 

discussion here will concentrate on the backward linkages or prerequisites. 

'llle first prerequisite is, of course, the availability of energy resources for 

electricity, which may be either mineral (fossil or nuclear) or renewable 

(hydro, solar, wind, etc.). 'llle second one is the availability, in sufficient 

numbers, of skilled and unskilled labour. Another concern is the availability 

of components and the raw materials for electric power equipment. 'llle major 

raw materials required tor manufacturing are iron and steel, cement, copper 

and aluminium. Steel could be of various types: carbon steel, stainless 

steel, low steel alloy, silicon oriented steel, etc., each of which requires 

different levels of technological development. In Table 6.1, the data 

reported by Bechtel Co. for constructing some of the electric power 

facilities, mainly in the USA, are analyzed and scaled for 100 MW power plants 

without considering the economies of ecale which may be there for larger 

plant• euch as 500 MW and above. Therefore, the required raw materials for an 
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actual 100 KW plant may be higher than those indicated in Table 6.1. 

76. It can be seen from Table 6.1 that dam construction and hydro-power 

requires much more cement, concrete, steel, copper and aluminium. 1bus, 

tapping renewable energy resources implies using non-renewable metal and 

mineral resources. Surprisingly, nuclear power requires comparable amounts of 

cement and steel as hydro power. 1be requirements in terms of materials for 

oil- and gas-based power plants are less than those needed by coal plants. 

Geothermal power, on the other hand, requires more steel but not that much 

cement. 1be plant that requires the least materials is the latest gas-turbine 

technology. 

71. Table 6.2 shows that while the number of developing countries having 

primary resources, such as iron ore, bauxite or copper, is high, the number of 

those having the technology to process them is small. Many of them are simply 

exporting the primary ore and do not have the expertise in metallurgy such as 

1 . . 11" f . 491 Co • f d . d sme ting, casting, ro ing, orging, etc-- • mparison o ata containe 

in Table 6.2 and other information with regard to manufacture of electric 

power equipment in the developing countries demonstrates that there is a high 

correlation between the capability for processing metals and manufacturing 

electric power equipment. The generalization of this observation is possible 

by comparing, for each developing country, the iron and steel productio~/ 
and the development stage of capital goods industry.1!/. 

6.4 Capital good• for Nev and Renewable Source• of Energy (HISE) 

78. At present, the contribution of NRSE for electricity is negligible, and 

no data is available for manufacture and/or trade of capital goods for 

electricity generation from NRSE. However, it is essential to draw some 

implications of a policy to pursue the development of NRSE: 

UNIDO; 1be development and restructuring of the non-ferrous metals 
industries, ID/WG.436/1, 1985. 
UNIDO; 1990 Scenarios for the iron and steel industry, UNIDO, ID/WG.374/2 
and Add 1, 1982. 
UNIDO; 'lbe second world-wide study on capital goods: 1be sector in 
figures, UNIDO/IS.505, 1984. 
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Table 6.1 Material requirements for 100 MW power plants 

Material requirement, 1000 tons 

Type of Size Low Stain-
facility MW Carbon steel less Total Copper AlUlllin- Con- Cast 

steel alloy steel steel ium crete iron 

Oil-fired 100 1.76 0.138 0.044 1.942 0.064 0.015 10.70 0.03 

Coal-fired 100 2.60 0.180 0.044 2.824 0.130 0.030 17.50 0.05 

Gas-fired 100 0.90 0.087 0.020 1.000 0.048 0.010 6.26 0.02 

Gas turbine 100 0.30 0.022 0.006 0.500 0.021 0.005 1.57 0.01 

Nuclear 100 4.30 0.430 0.182 5.000 0.207 0.060 50.76 0.08 

Hydro 100 5.80 0.144 0.017 6.000 0.138 0.340 75.00 0.23 

Pumped 100 4.10 0.071 0.010 4.180 0.070 0.016 58.80 0.005 
storage 

Geothermal 100 6.30 1.000 0.360 7.660 0.250 0.067 5.50 0.313 

• 

Source: The compiling and scaling were done using data contained in "Bechtel 
Corporation; Availability of selected materials and equipment 
commodities for US energy development program, Report No.!(49-1)-3794, 
1976". 
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Table 6.2 Kinining of raw .. terials and processing in developing countries 

Iron ore B•xitt Copper on 

Al'lllltinl • Brazil • Boliwia 
Bruil • Dom. Republic Botswlna 
Chilt • Gh ... Chile •• 
Colomb ii • Guinta Cuba 
Emt Guyana India • 
lndil • Haiti lndOMSia 
lndonesil India • Korea Rep. • • 
Kore1 Rep • • Indonesia Mexico • 
Liberia J11111ia Morocco 
Malaysia Malaysia Namibia • 
Mmritania Siem Leone Peru •• 
Mexico • Suriname Philippines • 
Morocco Turkey South Africa • • 
Peru Turkey 
South Atria • Zaire 
Thail1nd Zambia 
Tunisia • Zimbabwe 
Turkey • 
Ventzuell • 
Zimblbwt 

Sourtt: UN Yearbook of Industrial Statistics (1981) 

• Indicates processiftl activities, l.1., production of steel, 
lluminum and copper smelti111, nspectiwly 

• Indicates refined copper 

•• 
• • 
•• 
• 
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a) Rural development is a priority issue in many developing countries. 
1be required energy input for rural development progranmes could be 
supplied, to a large extent, by NRSE; 

b) 1be overexploitation of co111Dercial and non-co111Dercial energy resources 
(such as fuel wood) in many rural areas makes it necessary to mobilize 
efforts to develop NRSE; 

c) In some developing countries with a large surface area, there is a 
practical problem to connect the remote areas to the national 
electricity grid. In such cases, decentralized electricity generation 
offers a solution. In particular, small-scale hydro power, wherever 
the water resources exist, appears to be an opti111t1m solution~~/; 

d) 1be equipment requirements for NRSE, generally, involve low and medium 
technology items. A large fraction of these equipment could be 
manufactured by rural and/or small-scale capital goods industries of 
many developing countries53/. 

79. Some examples of the low or medium technology equipment necessary for 

NRSE are given below: 

Bio-gas digesters, if bio-gas is used as fuel, could be manufactured 
in the rural workshops and/or small-scale industries. Some components 
such as pipes for transporting gas, good quality burners and the gas 
holders may have to be obtained from manufacturers located in urban 
areas. If used for electricity generation, it requires additional 
hardware (eg. boiler, turbo-generator, etc.), which are of higher 
technological complexity and beyond the capability of rural industry. 

Micro- and mini-hydro power stations are discussed in detail 
elsewhere54/. Manufacture of a large fraction of equipment and 
construction works required by such installations could be carried out 
by rural and/or small-scale industries and by local skills. 

Wind mills, if used for mechanical purposes, require low technology 
items. However, if used for electricity generation, they would 
require generators which are medium or high technology items. 

Solar energy, if tapped with collectors or concentrator~ for water 
heating or cooking or drying does not, generally, require high 
technology items. However, solar power plants in general, and 
photovoltaic equipment for electricity generation in particular 
require the utilization high technologies. 

52/ UNIDO; Mini-hydro power stations: A manual for decision makers, 
UNIDO/IS.225, 1981. 

53/ - Op. cit. 3i. 
54/ Op. cit. 1!,/: 
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80. However, there are two conditions which must be fulfilled for successful 

exploitation of NRSE: 

a) Host of the NRSE applications require accurate siting and 
co-ordinating. For example, height and location of a wind mill are so 
crucial that if it is placed 50 meters away from the optimal site, it 
could mean a substantial reduction of the performance. Similarly, 
angle and location of solar equipment or height and site of mini-hydro 
power plants are crucial. One may argue that this is also the case 
for large hydro-power plants, but this has to be done only once to get 
large amounts of power. In the case of NRSE these investigations have 
to be done many times over for equivalent amounts of Energy. 'Otus it 
would require a diffe~ent spread of skills than the present approach 
used in large-scale centralized energy production where a team of 
persons with high, medium and low skills operates together. 

b) If a large contribution from NRSE is to be expected, then "economy of 
scale" has to be replaced by "economy of number". For example, 
hundreds of wind mills would be required to replace a conventional 
power plant of 200 HW. 'Ole same holds for bio-digesters and solar 
collectors so as to replace a ton of oil. 'Otis is certainly possible 
as has been demonstrated in some developing countries. 

6.5 Organizational and institutional aspects 

81. 'Otese aspects are just as important, if not more, as technological 

capabilities. First of all, for all developing countries integrated energy 

and industry planning is necessary to identify the requirements while keeping 

the national objectives and economic development in view. 'Otis activity 

requires the creation of planning organizations and/or teams at high level in 

the Governments. 

82. 'Ole next stage is at the project level. For successful technology 

unpackaging, the first requirement is the creation of national engineering and 

consultancy services. 'Otis appears to be a top priority action for Group B 

and for some Group C countries. Starting even with the turn-key mode, 

establishment and effective use of sach services is, probably, the only way in 

which the purchasing power of the developing countries could be utilized in 

strengthening the negotiating position and increasing the national 

participation. 
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83. For execution of large projects such as electric power projects, 

basically the same organizations are required as any other large industrial 

project would require, namely, planning, scheduling, engineering, project 

management/supervision and construction departments. lbe following is a 

typical example to give an idea of the workloads of some of these 

departments: For a 340 MW coal-fired thermal power plant, one company in the 

USA required 200,000 man-hours for engineering and design and 300,000 for 

construction management. 

84. Taking over gradually the management and construction site should be 

rewarding in terms of employment, the levels of skill-development required and 

percentage of costs involved (which could amount to as much as 50 per cent of 

the project total)551 • lbere is scope for almost all developing countries 

to participate in construction works. In particular, construction works for 

rural electrification offers a suitable starting point for countries of 

Group C. 

55/ Op. cit. 1/. 
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CHAPTER 7 

COKCI.USIOllS ARD 
POSSIBILITIES FOR lllTERRATIOIL\L CO-OPDATIOll 

7.1 Introduction 

85. 'nle data presented in the preceeding chapters and their analysis would 

lead to several conclusions. Furthermore, analysis of policies and strategies 

of different parties involved in the electric power sector with regard to the 

requireaents of the developing countries would enable the identification of 

possibilities and/or opportunities for international co-operation. 

7.2 Cover1111ent action 

86. 'nle experiences of developing as well as those of developed countries 

reveal the fact that Government plays a central role in the development of 

electric power equipment industry. In particular, the electric power utility 

company in the developing countries is, almost always, a state enterprise. 

'nlis makes the Government the largest purchaser of electric power equipment. 

11terefore, clearly stated and concretely implemented Government policies would 

be the key to successful attempts to indigenization in the sector. 'nle 

Government actions could cover a wide spectrum from planning to utilization of 

purchasing power, and from direct public investment in the manufacturing to 

incentives to private manufacturers and protective trade regulations. 

87. 'nle Governments of developing countries, first of all, need to recognize 

that there is a strong interdependence between the industry and energy sectors 

in general, and between the industry and electric power sectors in 

particular. 'nlerefore, the development of electric power equipment industry 

has to be viewed in the context of overall national objectives. Such an 

approach necessitates the integrated planning of energy and industry. For 

this purpose, planning teams and/or organizations should be set up with 

specialists having different backgrounds related to energy and industry. 
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88. 'nle planning should start with estimating the future demand for energy 

and, in particular, for electricity. 'nlis requires the long-term analysis of 

forward linkages, i.e., the long-term requirements of electricity utilizing 

sectors. Following the identification of demand levels and the expected rates 

of growth, the long-term availability of energy resources should be assessed 

so that the optimal energy mix could be determined. 'nlis work should also 

identify the types and mix of electricity generation (hydro, conventional 

thermo --coal or oil-fired, nuclear, etc.). Requirements of rural development 

progrananes and rural electrification schemes should also taken into account in 

the planning. 

89. Domestic manufacturing of electric power equipment, either for import 

substitution or exporting purposes or both, is an issue where short-term 

electricity needs have to be balanced with long-term industrial goals. The 

former would prefer a sure and quick way to obtain electricity, the latter 

requires sustained efforts to develop local skills and giving them the support 

they require to learn-by-doing. 'nle balance will naturally depend on the 

costs of imports, envisaged long-term demand of power equipment and acceptable 

relative differences between the delivery periods by each route. 'nlese are 

the additional factors to be considered by the electricity-planning teams. 

90. Depending on the size of the annual demand increment and the level of 

development of capital goods industry, the planning agencies may decide which 

types of equipment should be domestically manufactured (see Chapter 3). 

Suitable modes of development need to be also selected for each type of 

equipment (see Chapter 4), reducing external depende~ce. In country groups B 

and C, organizations have to be strengthened to gradually take control of 

on-site management leaving imports of only selected hardware. Different 

characteristics of these country groups, possible equipment they could 

manufacture, types of training they require, modes of obtaining equipment are 

indicated in Table 7.1 561. 

56/ For a more detailed treatment see: Op. cit. l_/. 
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Table 7.1 Country groups: Training, equipment and co-operation 

Country group/ 
characteristics 

Group A 

-Installed 
capacity 
12-76 c;w* 

-Annual 
increment, 
multiple of 
1000 MW* 

-.Except 
Singapore 

Group B 

-Installed 
capacity 
1-9 GW 

-Annual 
increment 
multiple of 
100 MW 

Group C 

-Installed 
capacity 
less than 
1 GW 

-Annual 
increment 
multiple of 
10 MW 

Trained manpower 
and organizations 

required 

-Training in design 
and modifications; 

-Quality control, 
testing and 
certification of 
standards for medium 
and high technology 
items; 

-On-site, in-office and 
in-factory management 
and organization; 

-Research and 
developmant for more 
appropriate designs 
for local conditions; 

-Learning about 
licensing procedures, 
terms and negotiations. 

-Training in quality 
control, standards 
and testing at low 
and medium 
technology; 

-Greater control of 
on-site work; 

-Supervisory services. 

-Maintaining power 
equipment; 

-Energy planning and 
electricity planning; 

-Negotiating turn-key 
projects or assembly 
of components; 

-CO-ordinating on-site 
projects; 

-Local labour for 
construction; 

-Low technology 
manufacture. 

Types of equipment 
which would be 
manufactured 

Additional to Group B 

Medium and high 
technology items such 
as boilers, turbines, 
generators, power 
transformers, 
high voltage 
transmission lines, 
measurement and 
control equiJJllent. 

Additional to Group C 

Low and medium 
technology items, 
including insulators, 
switchgear, water 
turbines, transmission 
towers, etc. 

Low technology items, 
cables, fuses, poles, 
pipes, switches, 
distribution 
transformers (depending 
on the size of the 
country). 

Hodes of obtaining 
equipment and co
operation required 

-Through foreign 
subsidiaries of TNCs 
in the country; 

-Manufacturing from 
foreign licence; 

-Joint ventures; 
-Sharing of experiences 

with licensing, 
performance evaluation, 
indigenization, etc.; 

-Increasing national 
participation in the 
projects. 

-Assembly of imported 
items, subsidiaries and 
manufacturing under 
licence for items 
other than high 
technology; 

-Exchange of 
experiences, 
access to technical 
information 

-Imports of components; 
-Information system for 
prices and 
specifications for 
better negotiations 
with firms abroad; 

-Gradual increase in 
on-site management. 
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91. Irrespective of the policies and strategies adopted, the creation of 

national engineering and consultancy capacity appears to be the first 

prerequisite for the development of electric power sector. 'Dtese technical 

services are required not only for indigenization efforts but also for 

identification and, later, utilization of the co-operation opportunities as 

discussed below. 

7.3 Co-operation between developed and developing countries 

92. 'Dte co-operation between developed and developing countries could be in 

one or a combination of the following forms {see Chapter 4): 

Turn-key projects carried out by firms from developed countries; 

Direct exports of equipment and services by developed count~ies; 

Manufacturing by subsidiaries of TNCs from developed countries in 
developing countries; 

Manufacturing by joint ventures in developing countries; 

Transfer of technology to firms in developing countries; 

Direct exports of equipment by developing countries. 

93. A set of parties from the following is involved in each of the above 

co-operation arrangements: 

a) In developing countries: Governments, investment banks and other 
financing agencies, utilities, software service companies, 
construction firms, electric power equipment manufacturers, etc.; 

b) In developed countries: Governments, financing institutions, 
electric power equipment manufacturers {TNCs and SHEs --small- and 
medium-sized enterprises), software service companies, civil 
engineering and construction firms, etc.; 

c) International organizations: Multilateral and ~nternational 
financing organizations, technical assistance crganizations, 
associations of electric power equipment manuf1cturers, international 
standards organizations, etc. 
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94. nae large number of parties involved in the electric power projects 

increases the complexity of negotiations and co-operation arrangements. 

However, tvo areas are common to all modes Gf indust1'ial activity: 

Information and training. Commercial and technical inf~rm~tion with regard to 

availability, cost, technical specifications, etc. of equipme~t, syetems and 

technologies are of vital importance to the decision makers in developing 

countries. Training in general, and on-the-job training at the facilities of 

the manufacturer and on the power system in the developing country in 

particular, are needed to create tbe skills pool of the electric power and 

power equipment industries. Training prograDDDes should also cover the areas 

such as energy and electricity planning, power system management, and repair 

and maintenance. 

95. Co-operation in the information and training areas would help to create 

national engineering capacity in developing countries. As discussed before, 

this would be the the only route through which the developing countries could 

streng~hen their negotiating position and increase their participation in 

electric power projects. 

96. Many Group A countries (NICs) which manufacture some electric power 

equipment face the requirement of making product and process modifications in 

order to adopt them to their specific conditions. Although the majority of 

these changes aims at simplifying the product designs and/or processes, some 

others are required to cope with the specific operating characteristics of the 

power systems in developing countries, and can be fairly complex. Mastery of 

designs and technologies requires close co-operation between the donors and 

receipients of technology and involves training of personnel of the latter. 

97. In most of the cases, the developing c~untry has to negotiate with two 

parties, namely, the supplier of technology and the financing agency. In 

fact, the financing agency could be powerful enough to dictate the source of 

equipment and/or the mode of project implementation. The experience has shown 

that the financing agencies have preferred the turn-key mode due to a variety 

of reasons. 'nlerefore, the indigenization policies should consider this 

factor and should lead to project designs which would allow domestic 

participation and, at the same time, be viable for external financing. 
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7.4 Co-operation among developing countries 

98. Since the developing countries share common problems, they could benefit 

greatly by co-operating in a variety of ways, ranging from sharing energy 

planning methods to manufactcring jointly, and from establi~hing common 

information systems to organizing training programmes, visits and seminars. 

99. One area of great interest to all developing countries is the 

establishment of common information systems which would include their 

technical and commercial experiences an1 performance evaluation assessments. 

'lltrough utilization of such information, better terms could be obtained for 

the contractual arrangements of various types. In view of the substantial 

purchase of equipment and other services by the developing countries, a 

consumers' association, similar to that of manufacturers, or other channels of 

information exchange should be developed. 

100. Intensified efforts should be made by the electric power equipment 

exporting developing countries of groups A and B to understand better the 

needs of the other importing developing countries. Furthermore, the trade and 

co-operation among Group A countries (NICs) are very insignificant. Titis 

channel needs to be strengthened to share experiences in domestic 

manufacturing whether through licences or joint ventures or subsidiaries. 

7.5 Regional co-operation 

101. Titis could be a special case of co-operation among developing countries. 

It could be along two different lines: Among almost equals of country groups 

B and C, and between a Group A country and its neighbours. 

103. It j~ interesting to note that the electric power sector has all the 

properties calling for regional co-operation. Yet, the examples of such 

co-operation among the developing countries are not many. Interconnection of 

national electricity networks between neighbouring countries could generally 

be taken as the first step towards regional co-operation. Interconnection 

makes it possible, firstly, better utilization of installed generation 
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capacities and easier handling of peak power demands. Secondly, it promotes 

regional co-operation through which the markets could be expanded to reach 

economic scales for manufacturing. 'lllis puts the neighbouring countries in a 

stronger negotiating position vis-a-vis the technology owners. 

104. Joint electric power equipment manufacturing projects between developing 

countries are another form of co-operation. 'llle parties in such projects may 

own no technology themselves; then joint technology transfers from third 

parties are necessary. In some other cases, one of the parties may have 

already transferred and/or developed the technology; then the implementation 

could be similar to those projects involving developed and developing 

countries. 

105. Even without interconnections and/or joint manufacturing projects, it 1s 

extremely important that the developing countries of the region exchange 

technical and commercial information on their electric power systems. 

Technology unpackaging in general, and project design, contract negotiation, 

prices, operation and management in particular, are important areas for 

information exchange. 

106. Another barrier to regional co-operation between developing countries is 

the insufficient institutional framework to promote such co-operation. For 

this purpose, much work has to be done at regional and international levels. 

Close co-operation between international organizations concerned with the 

subject is also needed. One possible first step could be the establishment of 

regional associations of utilities and/or manufacturers of electric power 

equipment. 

107. One of the main technical barriers hindering the regional co-operation 1s 

incompatible standards. Standardization, therefore, emerges as the first 

issue to be dealt with. Every effort should be spent to formulate common 

standards and to eliminate non-technical and/or commercial reasons for 

adopting different standards. 

108. Regional testing facilities need to be set up with standard practices of 

quality control and certification systems. The participating countries of the 
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region could benefit from the services of these facilities in manufacturing, 

joint purchasing or sharing information cone ming imported equipment. 

7.6 Role of international agencies 

109. International agencies could play an important role in assisting the 

developing countries to negotiate better at each stage whether it is a 

turn-key project or manufacturing under licence. Assisting the setting-up of 

associations among developing countries which would be familiar with the 

legal, economic, financial, technical and other contractual aspects of 

electric power system projects, may be helpful in negotiating such contracts. 

'nle key to improvements in negotiations is the information system mentioned 

above which could be supervised by the international agencies so as to include 

impartial, correct and complete information. 

110. While international funding agencies may wish to advocate global tenders 

for the projects they finance, recognition should be also given to the 

legitimate desires of developing countries to use as many components and 

equipment manufactured in their own countries. 'nle steps to gradual 

realization of these goals should be identified. 

111. Organization of symposia or seminars to share experiences of developing 

countries that manufacture as well as those who import equipment would be 

useful. 'Dtese could be supported by visits and by demonstration projects. 

112. 'nlose developing countries who wish to share hydro-projects or 

el~ctricity from a large thermal plant could benefit from arbitration or 

overseeing of international agencies so as to deal with each other. Some of 

the other items considered in 7.4 above could also benefit from assistance 

that can be extended by the international organizations. 
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Annex I 

Installed capacity and generation of electricity 

1. Growth of installed capacity (in GW and %) 

Growth rate, % 

1960 1970 1975 1980 1982 70 75 80 80 82 
60 70 75 70 80 

IWORLD 520.6 1125.4 1606.1 2013.1 2160.7 8.0 7.4 4.6 6.0 3.6 
ClOO.O) ClOO.O) ClOO.O) (100.0) ClOO.O) 

DEVELOPED 484.4 998.3 1406.2 1707.5 1813.4 1.5 7.1 4.0 5.5 3.0 
COUNTRIES (93.1) (88. 7) (87.6) (84.8) (83.9) 

----------------------------------------------------- ---------------------------
IHarket 393.6 782.4 1117.4 1351.5 1431.4 7.1 7.4 3.9 5.6 2.9 

Economies (75.7) (69.5) (69.6) (67.1) (66.2) 
------------------------------------------------------ ---------------------------
Centrally 90.8 215.9 288.8 356.0 382.0 9.0 6.0 4.3 5.1 3.6 

Planned (17 .4) (19.2) (18.0) Cl 7. 7) (17. 7) 

DEVELOPING 36.1 126.4 198.7 304.2 345.9 13.4 9.5 8.9 9.2 6.6 
COUNTRIES (6.9) (11.2) 02.4) (15.1) (16.0) 

------------------------------------------------------ ---------------------------
Africa 4.2 13.5 17.5 24.3 25.8 12.4 5.3 6.8 6.0 3.0 

(0.8) (1.2) (1.1) (1.2) (1. 2) 

------------------------------------------------------ ---------------------------
Americas 19.0 42.7 65.9 99.3 113.8 8.4 9.1 8.5 8.8 7.1 

(3.6) (3.8) (4.1) (4.9) (5.3) 
--------------~--------------------------------------- ---------------------------
Asia 12.9 '10.2 115.3 180.6 206.3 18.5 10.4 9.4 9.9 6.9 

(2.5) (6.2) (7. 2) (9.0) (9.5) 

Source: United Nations, 1982 Yearbook of world energy statistics 

Figures in paranthesis refer to shares in total world capacity in percentage. 
GW • 1,000 MW • 1,000,000 kW 
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2. Distribution of installed capacity and generation of electricity in 1982 

Total 
Rank capacity % 

GW World 

WORLD 2160.7 100.00 

100 GW 

United States l 666.4 30.84 

USSR 2 285.5 13.21 

Japan 3 154.8 7.16 

25 - 100 GW 

Federal Rep. of Germany 4 85.8 3.97 

Cumulative capacity 

GW % World 

666.4 30.84 

951.9 44.06 

1106. 7 51.22 

1192.5 55.19 

Production 
'IWh 

8436 

2304 

1367 

581 

367 
---------------------------------------------------------------------------~---
Canada 5 83.0 3.84 1275.5 59.03 387 

China 6 76.0 3.52 1351.5 62.55 328 

France 7 74.0 3.42 1425.5 65.97 266 

United Kingdom 8 69.2 3.20 1494.7 69.18 272 

Italy 9 50.0 2.31 1544.7 71.49 184 

Brazil 10 38.9 1.80 1583.6 73.29 152 

India 11 38.8 1.80 1622.4 75.09 139 

Spain 12 29.9 1.38 1652.3 76.47 117 

Sweden 29.7 1.37 1682.0 77.85 100 

Australia 14 27.5 1.27 1709.5 79.12 105 

Poland 15 26.0 1.20 1735.5 80.32 118 

10 - 25 GW 

South Africa 16 23.1 1.07 1758.6 81.39 109 

Norway 17 22.1 1.02 1780.7 82.41 93 

Mexico 18 21.6 1.00 1802.3 83.41 81 

CW • 1,000 MW 
TWh • io9 kWh (billion kWh) 
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Total Cumulative capacity 
Rank capacity % Production 

GW World GW % World TWh 

German Dem. Rep. 19 21.1 0.98 1823.4 84.39 103 

Netherlands 20 18.7 0.87 1842.1 85.25 60 

Czechoslovakia 21 18.1 0.84 1860.2 86.09 75 

Romania 22 17.2 0.80 1877.4 86.89 69 

Yugoslavia 23 14.8 0.68 1892.2 87.57 60 

Austria 24 14.2 0.66 1906.4 88.23 43 

Switzerland 25 14.1 0.65 1920.5 88.88 52 

Argentina 26 13.5 0.62 1934.0 89.51 40 

Belgium 27 12.0 0.56 1946.0 90.06 51 

Korea Rep. of 28 ll.6 0.54 1957.t 90.60 47 

Finland 29 ll. l 0.51 1968.7 91.ll 39 

5 - lOGW 

Venezuela 30 9.3 0.43 1978.0 91.54 39 

Bulgaria 31 9.2 0.43 1987.2 91.97 40 

Saudi Arabia 32 7.4 0.34 1994.6 92.31 25 

Korea Dem.People's Rep. 33 7.0 0.32 2001.6 92.64 40 

Denmark 34 6.8 0.31 2008.4 92.95 22 

New Zealand 35 6.8 0.31 2015.2 93.27 24 

Turkey 36 6.~ 0.31 2021.8 93.57 27 

Greece 37 6.0 0.28 2027.8 93.85 23 

Colombia 38 5.8 0.21 2033.6 94.12 26 

Iran, Islamic Rep. of 39 5.3 0.25 2038.9 94.36 18 

Portugal 40 5.1 0.24 2044.0 94.60 16 

Philippines 41 5.0 0.23 2049.0 94.83 19 
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Total Cumulative capacity 
Rank capacity % Production 

GW World GW % World TWh 

2.5 - 5 GW 

Hungary 42 4.9 0.23 2053.9 95.06 25 
·--------------------------------

Thailand 43 4.9 0.23 2058.8 95.28 17 

Pakistan 44 4.2 0.19 2063.0 95.48 18 

Puerto Rico 45 4.1 0~19 2067.1 95.67 12 

Ireland 46 3.9 0.18 2071.0 95.85 11 

Egypt 47 3.8 0.18 2074.8 96.02 18 
·------------------------

Hong Kong 48 3.5 0.16 2078.3 96.19 15 

Israel 49 3.5 0.16 2081.8 96.35 14 

Peru 50 3.4 0.16 2085.2 96.51 10 

Chile 51 3.2 0.15 2088.4 96.65 12 

Kuwait 52 2.9 0.13 2091.3 96.79 12 

Indonesia 53 2.9 0.13 2094.2 96.92 7 

Nigeria 54 2.8 0.13 2097.0 97.05 8 

Cuba 55 2.7 0.12 2099.7 97.18 11 

Malaysia 56 2.6 0.12 2102.3 97.30 12 

1 - 2.5 GW 

Singapore 57 2.2 0.10 2104.5 97.40 8 
---------------------------------------------------------------------------------
Algeria 58 2.0 0.09 2106.5 97.49 7 

Mozambique 59 1.8 0.08 2108.3 97.57 3 

Zambia 60 1.7 0.08 2110.0 97.65 11 

Zaire 61 1.7 0.08 2111. 7 97. 73 4 

---------------------------------------------------------------------------------
Morocco 62 1.6 0.07 2113.3 97. 81 6 

---------------------------------------------------------------------------------
United Arab Emirates 63 1. 5 0.07 2114.8 97.88 6 

---------------------------------------------------------------------------------
Uruguay 64 1.4 0.06 2116. 2 97.94 6 
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Total Cumulative capacity 
Rank capacity % Production 

GW World GW % World TWh 

Luxembourg 65 1.3 0.06 2117.5 98.00 0.9 

Ivory Coast 66 1.2 0.06 2118. 7 98.06 2 

Zimbabwe 67 1.2 0.06 2119.9 98.11 4 

Ecuador 68 1.2 0.06 2121.1 98.17 3 

Iraq 69 1.2 0.06 2122.3 98.22 6 

Libyan Arab Jamahiriya 70 1.2 0.06 2123.5 98.28 6 

Syria 71 1.1 0.05 2124.6 98.33 5 

Qiana 72 1.1 0.05 2125.7 98.38 5 

500 - l,ooo MW 

Bangladesh 73 0.990 0.05 2126.7 98.43 3.305 
---------------------------------------------------------------------------------
Dominican Rep. 74 0.960 0.04 2127. 7 98.47 2.965 

Tunisia 75 0.929 0.04 2128.6 98.51 3.088 

Trinidad and Tobago 76 0.760 0.04 2129.3 98.55 2.260 

Panama 77 o. 744 0.03 2130.1 98.58 2.700 

Jamaica 78 0.740 0.03 2130.8 98.62 2.350 

Lebanon 79 0.668 0.03 2131.5 98.65 1.290 

Costa Rica 80 0.657 0.03 2132.1 98.68 2.500 

Burma 81 0.636 0.03 2132.8 98. 71 1. 715 

Angola 82 0.600 0.03 2133.4 98.74 1.600 

Sri Lanka 83 0.562 0.03 2133.9 98.76 2.066 

Kenya 84 0.556 0.03 2134.5 98.79 1.804 

Cameroon 85 0.531 0.02 2135.0 98.81 1.908 

Bolivia 86 0.508 0.02 2135.5 98.84 1.703 

El Salvador 87 0.500 0.02 2136.0 98.86 1.500 
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Total Cumulative capacity 
Rank capacity % Production 

GW World GW % World TWh 

LESS TIL'.N 500 KW 

Guatemala 88 0.473 0.02 2136.5 98.88 1.640 

Jordan 89 0.456 0.02 2140.0 98.90 1.511 

Oman 90 0.419 0.02 2137.4 98.92 1.160 • 

Nicaragua 91 0.400 0.02 2137 .8 98.94 1.045 

Afghanistan 92 0.394 0.02 2138.2 98.96 0.976 

Paraguay 93 0.370 0.02 2138.6 98.98 1.100 

Ethiopia 94 0.319 0.01 2138.9 98.99 0.679 

Sudan 95 0.313 0.01 2139.2 99.00 1.010 

Liberia 96 0.306 0.01 2139.5 99.02 1.100 

Tanzania 97 0.258 0.01 2139. 7 99.03 o. 720 

Lao People's Dem. Rep. 98 0.250 0.01 2140.0 99.04 1.000 

Honduras 99 0.240 0.01 2140.2 99.05 1.090 

Guinea 100 0.175 0.01 2140.4 99.06 0.498 

Senegal 101 0.165 0.01 2140.6 99.07 0.631 

Uganda 102 0.163 0.01 2140.7 99.08 0.668 

Congo 103 0.149 0.01 2140.9 99.08 0.185 

Yemen, Dem. 104 0.130 0.01 2141.0 99.09 0.257 

Haiti 105 0.126 0.01 2141.1 99.10 0.360 

Malawi 106 0.111 0.01 2141.3 99.10 0.428 

Yemen 107 0.104 0.01 2141.4 99.11 0.230 

-----------------------------------------------------------~---------------------
Madagascar 108 0.100 0.01 2141.5 99.11 0.432 

Sierra Leone 109 0.095 (.) 2141.6 99.11 0.236 

Nepal 110 0.079 (.) 2141.6 99.12 0.198 

Mauritania 111 0.055 (.) 2141.7 99.12 0.103 

---------------------------------------------------------------------------------
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Total Cumulative capacity 
Rank capacity % Production 

GW World GW % World 'l'Wh 

Kali 112 0.042 (.) 2141.7 99.12 0.110 

Kampuchea, Dem. 113 0.040 (.) 2141.8 99.20 0.136 

Burkina Faso 114 0.040 (.) 2142.2 99.14 O. l15 

Rwanda 115 0.039 (.) 2142.2 99.14 0.163 
--------------------------------------------------------------------------~------
Chad 116 0.038 (.) 2142.3 99.15 o.CJ6) 

Togo 117 0.035 (.) 2142.3 99.15 0.085 

SOlll8lia • 118 0.030 (.) 2142.3 99.15 0.075 , 
-------~-------------------------------------------------------------------------
Central African Rep. 119 0.030 (.) 2142.3 99.15 0.068 

Niger 120 0.023 (.) 2142.4 99.15 0.062 

Benin 121 0.015 (.) 2141.4 99.15 0.005 

Bhutan 122 0.011 (.) 2142.4 99.15 0.024 
---------------------------------------------------------------------------------
Burundi 123 0.009 (.) 2142.4 99.15 0.002 

Source: United Nations, 1982 Yearbook of world energy statistics 
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Table AII.l Trends in the world exports of non-electric power generating 
machinery --SITC Code No. 711 (US$ million, constant 1975 prices). 

Import en N I C/Croup A - Other Developina (B+C) USA 
Year uno '15 80 83 70 15 80 83 70 75 80 83 10 

Bzporten 

NICI 2 10 33 23 48 101 157 89 8 48 180 &74 0 
Croup A ~ lX a a 4X 4X 4X 3" lX 3X 1X 11" ~ 

3X 4X ex :sx '72X sex SOX I~ 13X 18X 3~ en IX 

USA 212 3M 749 ~ 3'19 818 981 835 . . . . 1388 
S?X 33X 41X 4'1X 29X 23X 24X 28X . . . . 3GX 
1~ lOX lft 12" 18X 18X 22X 17" ox ox ox ox 54X 

Japa eo 171 ~ 282 185 372 8$t '782 80 130 308 483 DO 
14X l8X 19" 23" 13X 14X 1ex 24X ex ax 13X 14X 1X 
21X 20X 22X 15" 43X "" 40X 41X 21X 15X 19" 25" 13" 

Other 1118 01? 888 347 884 115'71 2189 1538 1188 1541 1928 2350 2444 
OECD .. ex 48X 38" 28X ~ sex °'" 47" 93X 89X BOX 89" II~ 

ex ex ex 4X 14X 20X 21X l?'X zex 19X 18X 25X &IX 

World S73 1085 1541 1238 1301 2727 40M 3249 1282 1'722 2402 3428 3949 . . . . . . . - - - - -- u 1~ ?X 17" 21X 23X 19" 1'7X J3X 13" 20X 

• SITC 111 mohadea boilera, turbinea, internal combu1t.ion eniinn, nuclear react.ore, et.c.. Onl7 
lmpar\ant. aportina IJ'OUP8 and importing croup• are mentioned here. Therefore, world doe1 not. 
repreaent the tat.al or the l"OUpe nwntloned. The Moond row of percent.qH i1 colunm-wiae and 
l'ft)IJ'Henta the pel'Cent.,. Manie of import.I oft.hat croup amon1 clift'erent. ezport.era. The third row 
of percentqea l• rolMMI repraentJna percent.ace 8harea of that l"OUP'I ez,orta &rmnl diftenint. 
irou,. or lmportere. 
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Table AII.2 Trends in the world exports of electric power machinery and switch
gear --SITC Code No. 722 (US$ million, constant 1975 prices). 

. N 1 CIGroup A Ot.her I>evelopinc (B+C) . USA Other OECD 

1'70 75 BO 83 '10 ?5 80 83 '10 75 BO B3 70 75 ·ao 83 70 

4 17 44 20 us 122 189 US2 43 ~ 387 703 4 13 72 80 88 
lX 2X 2X 2X 2X 4X 4X 4X 14X ax 28X 37" ox ox lX 2X lX 
ex BX BX 2X 24X 54X 28X 15X 83X 1ex DOX eax 8X ex IOX a:r. . 

121 218 483 41? uu 532 eO? 808 . . . . 425 759 982 909 799 
3:sX 25X !DX 32" 20X 19" 14X 1ex . . . . l&X 151. 12X 18X 18X 
1U 14X 21X zox 24X 32X 31X 29X ox ox ex ox 53X 48X 43X 44X . 

?2 200 588 523 153 323 850 983 82 84 298 444 82 129 283 3DO 383 .. 22X 31X 40X lBX 12" lBX 2BX 27X 21X 23X 23:'9 2X 3X '" ex BX 
1• aex 8" 23X 40X 42" 41X 42X 21X 12X 14X 19:'9 18.X 17X 14X l5X . 
154 399 808 287 518 1833 2828 1997 171 241 485 547 2093 3848 8270 4104 3158 
42" 44X 32X 22X ~" 59" 59" 53X 57" MX 37X 28X 78X ?BX '78X 73" 89X 

5X IX BX "" 18:1 25X 28:1 27:1 5X 4:1 4:1 71; 86" zex eex ts8X . 

398 909 1882 1315 937 27M 4824 3?41 300 444 1295 1823 2884 4915 '7812 5808 4548 
- - - - - - - - - - - - . - - . . 

BX &~ 11X lOX 21X 2BX 28X 28X 7X 4X ?X l4X 5ft 48X 45X 42.x . 
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Table AII.3 Trends in the world exports of electricity distributing machinery 
--SITC ~ode No. 723 (USS million, constant 1975 priceA). 

N I CIGl"Oup A Other Denlopin1 (B+C) us" OtherOECD 

~ 80 83 70 ~ 80 83 70 715 80 83 70 715 80 83 70 

4 8 13 8 152 ~ 44 . 2 121 234 l 15 3 3 13 
2X 3X 5X 2" 5X 8" 4" - 3X 151" 60" ox lX ox ox JX 
5X 2" 4X en 88X 38X 15X OX 3X 50X 78X u '7X lX IX -
34 85 151 28 108 126 128 . . . . ea 130 172 213 118 

17" 27X ISZX ex lOX 7" 12" . . . . 13" l5X 12" 18X lOX 
12X l?X 30X 25" 38': 34" 25" ox ox ox o" 58X 47X 48" 42" -

IS? 108 93 83 172 450 426 51 25 26 42 14 34 40 53 1158 
28X 4~ 32X l?X 18X 28X 38X 34X 31X ux llX ~" 4X 3X 5X 13X 
19" l?X 15X 40" 5'7X 70X 6ft 32" 8': 4X 7X ft 11X ex ft . 
105 53 24 250 682 960 505 96 151 74 98 408 698 1183 87'7 884 
!SIX 22" BX 67" 63" ISBX 45X 84" 84X 31X 25X BOX 78X 82" 75X 73X 
ex 2" IX 28X 38': 38X 31X llX 3X 3X 6X 48X 38X 4'7X MX . 

205 238 288 374 1()93 1'723 1110 lDO 80 237 382 1507 888 14153 1188 1217 . - . - . . . . . . . . . . . . 
ex u ex 31X 41X "3X 38X 12" 3X ex l3X 42" 34X 38X 38X . 
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