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Preface 

This study has been prepared at the request of the Sectoral Studies 

Branch, Division for Industrial Studies, UNIDO. Its purpose is to provide the 

basis for an examination of the strategies fer the establishment and 

develop:nent of the manufacture of equipment for the generation, transmission 

and distribution of electricity in develo~ing countries. 

The typology consists of a classification of countries in homogenous 

groups from the point of view of their potential market and their technical 

capacity for the production of capital goods. There are many risks entailed 
---~ 

in the establishment of any typology or ~ny classification. However, on the 

other hand it is not possible to be content with a global and undifferentiated 

analysis not taking into account the differences in various aspects between 

countries. The proposed typology should not be considered as a strict 

classification but only as an attempt at bringing some order into the 

discussion. 

The typology is described in the first part of the study. Seven groups 

cf developing ~ountries have been identified. For each of the groups, 

strategy eLements have been worked out on the basis of a set of country case 

studies undertaken by UNIOO. 'ltlat cor.st itutes the second part of the study. 

The study should be used in conjunction with "Electric power equipment 

production in developing countries~ Options and strategies. An analysis of 

eleven country case studies" (UNI DO/IS .507). 

The des~~·iption and analysis presented in this paper is largely based on 

work undertakPn by Mr. R. Tiberghien and Hr. P. Vernet of the Institut de 

Recherche Economique et de Planification du D~veloppement, Grenoble, France. 
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EXPLANATORY NOTES 

References to dollars ($) are to United States dollars, unless otherwise 

stated. 

A comma (,) is used to distinguish thousands and millions. 

A full stop (.) is used to indicate deci~als. 

A slash between dates (e.g., 1980/81) indicates a crop year, financial 

year or ~cademic year. 

Use of a hyphen between dates (e.g., 1960-1965) indicates the full period 
involved, including the beginning and end years. 

nte following forms have been used in tables~ 

Three dots( ••• ) indicate that data are not available or are not 

separately reported. 

A dash (-) indicates that the amount is nil or negligible. 

A blank indic~tes that the item is not applicable. 

Totals may not add up precisely because of rounding. 

Besides the co11111on abbreviations, symbols and terms and those accepted by 

the International System of Units (SI), the following abbreviations and 

contractions have been used in this report~ 

CKD 

GDP 
GNP 
!SIC 
mA 
NI Cs 
R & D 
SITC 

Economic and technical abbreviations 

Completely knocked down 
Gross domestic product 
Gross national product 
International Standard [or Industrial Classificatio~ 
Manufacturing value added 
Newly industrializing countries 
Research and development 
Standard International Trade Cla~sificati0n 



l. INrRODUCTION 

1 . . l/ f h d . . . d E ectr1c powe~ equ1pment- or t e pro uct1on, transm1ss1on an 

distribution of electr:city can play an important part in the 

industrialization process of a developing country. Electrification of a 

country is a means to create 3t one and the same time favourable condit. rs 

for industrial development and an improvement of the population's living 

conditions. Moreover, rural electrification, considered specifically, helps 

to halt the rural exodus by giving the rural population access to the same 

living conditions as the urban population. It also makes it possible to 

encourage the emergence of small-scale industries and their better 

distribution throughout the country. It is, ther~fore, understandable that 

the majority of developing countries give high priority to electrification 

frogranrnes, including rural electrification. 

With the notable exception of mini hydro plants, decentralized 

alternative electricity prcrluction technologies, on which much hope was set 

some years ago, lead to high costs of production. Table 1 illustrates by a 

typical example of village electrification the orders of magnitude of the 

total cost of ?roduction of electricity delivered to the user, by reference to 

various options. These options are based on the following chief hypothes~s~ 

(a) 200 domestic subscribers, procuction activity (local i~dustry, 

irri~ation) providing demand in slack periods~ consumption~ 150 MWh/yr 

dome;;tic, 500 HWh with production activity. 

(b) Fairly high population density~ cost of distribution network 

sus 90 ,000. 

<~> ~ocally available resourc~s for all the technological variants 

envisaged~ ira practice, tt>is hypothesis would be unrealistic, but it makes 

theoretical comparisons possible in this conteAt. 

(d) Personnel costs $US 5,000 per person and year, interest rate 

8 per cent per annum. 

1/ In this paper, electric power equipment 1s taken to mean the products 
in maJor groups 71 and 77 of ~ITC (Rev.2)~ nuclear power equipment has been 
excluded~ see Report of UNIDO Expert Group Meeting on the Energy-related 
F.qu·l)ltlent and Technology, Vienna, 19-21 December 1983, UNIDO/PC.87. 
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Table 1. Comparison of the costs of electrification of a village by referenct 
tP several technological v~rian~s 

Cost of production 
Opt ion tus/kWh 

Interconnection from a network situated 50 km to the 
village co be electrified 

Inv~stment~ $450,000, 2 persons, annual 
maintenance $3,000, 500 MWh/yr, maximum power 
100 KVA, f;0.04/kWh of medium volt2ge power 

Diesel generator set 
Investment~ $200,000, 5 persons, annual 
maintenance costs $5,500, 500 MWh/yr, maximum 
power 100 kVA, $0 .5/litre of diesel fuel 

Photovoltaic cells 
Investment~ $1.95 r.1illion, 2 p~rsons, annual 
maintenance cost~; $8 ,000, 150 MWh/yr, maximum 
power 100 kVA, energy~ fre~ 

Wind generator 
Investment~ $900,000, 3 ~ersons, annual 
naintenance costs ~13,000, 150 liWh/yr, maximum 
~ower 100 kVA, energy~ fre~ 

Mini hydro power station 
lnvestment~ $350,000, 5 persons, annual 
maintenance costs $60,000, 500 mWh/yr, maximum 
power 100 kVA, energy~ frP.e 

Diesel generator fed by lean as from wood p rolysis 
Inv~stment; 230,000, 5 persons, annual 
maintenanc£ costs $6,000, 500 MWhlyr, maximum 
power 100 kVA, $0.1/kg of wood 

0.16 

0.26 

1 .48!!./ 

0. JO 

0.22 

a/ Electricity ~annot be provided for use in local manuf~cturing. 

Source~ P. Vernet, Evaluation de fili~res technologiques pour 
l'~lectr1f1cation rurale (Evalu3tion of technological routea for rural 
electrification), internal document, IREP, August 1982, 40 pages. 

.. -
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Electrification today is p•irsued i'l all countries on the basts of the 

,1assical solution, namely, by connecting mediu.~ voltage lines to a grid. 

Loc.,l networks supplied by mini hydro power stations can be set up provided 

that there is a river with an adequate volu~e of flow at low level such as 

e.g. some Andean countries tn Latin America. Whate~er solution is adopted, 

electri~ity s~pply requires a ve~y considerable investment. Futhermore, the 

costs of production (price per kWh at the power station terminals) represent 

only a limited part of the total c~st per kWh to the user (less than half and 

sometimes even less than 20 per cent in rural areas). This is due to the high 

invest~enc needed for electricity transmi~sion (high voltage) and distribution 

(medium and low voltage). 

Even if a developing country is unable to produce the key element in a 

po"ler st:ition - the turbo-alte:rnator ·· the local production of equipment 

requiring less complex technologies such as pylcns a~d poles, cables, 

insulators, distribution transformers, etc. can very significantly red•.ice i:he 

foreign exchange component ~f capital investment for electricity. 

Furthermore, the production of el~ctri-: pow~r equipMent requires 

conducting engineering studies and the development of mechanical engineering 

capacity. The production of capital goods and electric power equioment is 

therefore part of the proce.s of the mastering of technolcgy. 

Domestic production of electric power equipmPnt must be encouraged in the 

developing countries in vie~ of~ 

(a) The priority accorded to electrification progranmes; 

(b) Tiie fact that even production of simple equipment for distribution 

has a significant impact on the foreign exch;:inge balanc~ of these prag:.:alll'lles·, 

(c) Th~ leaciing role of the capital goods industry in the process of 

industrialization and mastering of technology. 
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2. THE NF.ED FOR A TYPOLOGY •JF DEVELOFI NG COUNTRIES 

~he main purpose of this paper i3 to 3ssist the developing countries in 

working out industrial poli~ies and strategies to create or develop an 

electric power equipment industry. 

In view of the different levels of industrial d.aveJ.opment achieved by the 

developing countries, ranging froJm the least developed countries to the newly 

industrializing countries, a differenti~ted approach is required. in scme of 

the countr~es there is no capital goods industry so that it will be necessary 

to consider a strategy fur starting up the industry. In other countries, the 

n;\tional capital good.;; industry produces th1:: full range <'f equipment; there it 

will be a question of consolid3cing the industry an~ of enabling it to prod~ce 

the most so?histicated types of ~quipment and/or give it access to advanced 

technoloby; v~cuum or ~ulphur hexafluoride (SF~) circuit-breaki~g for 

switchgear, for example. Between these two extremes, one can find almost all 

levels of deveiopmer.t of this industry. It is beyond the scope of this paper 

to deal with every cc1ntry icdividually. 1herefore, the countries are grouped 

according to their potential to develop the electric power equipment industry. 

At the world level, the electric power equipilent industry i:; often 
'Z / regarded as an oligopoly or as a cartel.- This view cannot be held in t~e 

case of simpl~r equipment, the technology fer which has been ma3tered in a 

large number of medium-sized companies in the industcialized countries and in 

a gro;.ring number .,f developing countries. In this case, the respective 

bargaining capacities of the owner nf technology and the developing country 

wiahing to obtain it are very different from the oligopoly case. A typology 

of developing countries must, therefore, also make it pos&ible to take into 

account the differ~nt bargaining conditions for the transfe~ of technology. 

2/ See A. Gaul~, Analysa des strat~gies des acteurs dans le secteur des 
biens-d'~quipement ~lectrique (Analysis of strategies in the electrical 
r.apital goods se~tor), December 1983. Study prepared for UNJDO, Universit~ 
des Sciences Sociales 1e Grenoble. 
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As a gen~ral rulP, the difficulties of negotiating a transfer of 

tech,1ology increase with the technological con·plexity of electric power 

equipment. This, in a sense, is favour~ble, since ~he developing countries 

with a low level of industrialization will negoti~te for simpler technologies 

that are more easily available. It will be the most advanced developing 

countries that will negotiate the transfe1 of more complex technologies; these 

countries are those that have the strongesr bargainir.g power. 

By grouping the developing countries it will be possible to prepare 

strategies for the development of the elec~ric power equipment industry which~ 

Wili take into account the differences in the industrialization level 

of th~ countries. 

Are linked to the technological complexity of the products whose 

mannf'lcture is envisaged. 

Evaluate the country's bargaining power for the transfer of technology 

according to the structure of the electrical industry at world level. 

2.1 Guiding principles for preparing a typology 

The existence of a certain degree of correlation between the per capita 

production of electricity and the per capita gross national product is 

illustrated in figure 1. The per capita production of electricity and the 

total value added in the mechanical engineering and electrical engineering 

industries also seem to be linked (see figure 2). One might thus be tempted 

to construct a typology on thP. basis of a regression an3lysis of various 

statistical indicators. 

This method was not selected fvr several reasons; nainly because 

~tatistical indicators that are sufficiently reliable and available for a 

large number of countries are rare.l/ Furthermore, tentative correlation 

'ii See the discussion in point 2.4 on the indicators :'.elected. 
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Figure 2 

Claaaif'ieation or developing coimtri~s by mrchanical and electrical 
engineerin~ production (ISIC 7) and electricity prod11ction (1979) 

Manufacturing Yalue added 
(million 1975 dollars) 

IOYPT 

• 
AllGENT-

• Y\IGOSUI-

• lll,,_IC CW llOfllA 

W&UIYSIA • • __ ,. 6 THAIU'HO • vtNIZUILA 

·-"' COi.~ A GRElca 

• PAlllSUN 

• UllUCIUo\Y 

........... 1 ·'~~ 
·~ 

Elect ri ri t.y product. ion 
in mi :lion kllh (1979) 

~~~~~-.___...._....,____+-~-+-~+--~--l .......... ~~~--~~-+-~~~~·~~+-~+--~--+--+-·+-+-~~-
101 • • • 1 • t' 1c4 J • a 1 1 t 10~ 

f"''"rithmi .. nrl·,lrlt 
~r· ''·· 'J ,t l I J~l'\111;', ih;•1irw:\:t lnt••rr111t

1
1 111~1 



. ~ . ~ . ' . ' . ' . 

- 8 -

calculations that were made did not show interesting results with cegard to 

significant groupings on the basis of the indicators chosen. More 

fundamentally, a regression analysis is not necessarily in conformity with the 

purpose of the work. In fact, the results ~hat are likely to appear, could be 

interpreted as follows~ 

(a) Within an i<lentified gro~p of countries, the development process 

would be almost automatic; the countries situated at the bottom of the curve, 

(surface or volume).~/ would develop towards upper positions even in the 

absence of any industrial policy. 

(b) The statistical relationships within the identified groups would not 

allow conclusions on how the ~ountries situated at the top would develop or 

whether it i~ possible to pass from one group to another. 

Groupings made on a purely econometric basis would not appear to 

facilitate the elaboration of industrial strategies. Therefore, no attempt 

will be made to prepare a typology of the developing countries on this basis. 

Nevertheless, relevant statistics will be used and presented in the following. 

2.2 The methods used to prepare the typology 

2.2.l Countries seler.ted 

The statistics published by 

f h f h
. 5/ 

or t e purpose o t is paper,-

million inhabitants. It will be 

the World Bank, which ace the most complete 

cover 92 countries with more than one 

shown later that smaller countries may adopt 

strategies similar to those of the smallest countries covered by the 

statistics. 

4/ A curve with two indicators is used in the analysis, a surface with 
three-indicators and a volume with four or more indicators. 

~/ Other data were also used, see section 2.4. 
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For 13 countries, however, statistical information is inadequate and it 

will not be possible to classify them. '11lese are: Benin, Bhutan, Burundi, 

Dem~crat~c Kampuchea, Democratic Yemen, Laos, Lesotho, Mongolia, Niger, Papua 

New Guinea, Rwanda, Unit~d Arab Emirates and Viet Nam. With some exceptions, 

rhese countrie~ are small in size and at a relatively low level of 

industrialization. Of the 92 countries with more than one million inhabitants 

covered by the World Sank statistics, 79 will, therefore, be dealt with in our 

typology. 

2.2.2 Methods and criteria adopted 

Having discarded a purely econometric approach, a multi-criteria 

classification has been adopted, taking into account particularly: 

(a) '11le size and development potential of the domestic market for 

electric power equipment~ 

(b) '11le potential industrial capacity for commencing the production of 

electric power equipment. 

'11le indicators selected to evaluate the market for electric power 

equipment are: the total population of the country, per capita electricity 

production and present imports of electric power equipment. 

The choice of the first indicator, total population, is obvious and does 

not require any long discussion. 

The per capita production of electricit~/ reflects with some 

exceptionsZ./ a country's degree of electrificat~on. However, countries with 

a large-scale industry, which is a heavy consumer of electricity {e.g., the 

aluminium industry), will, with an equal per capita consumption, need less 

~/ In the absence of information on consumption, which was not available. 

7/ Countries that export electricity, particularly hydroelectricity. 
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equipmlnt for transmission and distribution than t~e average. Since no 

developing country h~s reached the saturation point beyond which consumption 

and production increase only ve~y slightly, it is justified to co~sider that 

the demand for more and more complex electric power equipment will grow with 

the degree of electrification. 

Imports of electric power equipment constitute t~e last indicator for 

identifying the market. r.tere again, experience shows that these imports 

continue to grow as the degree of electrification increases, even if there 1~ 

already considerable domestic production. 11tis may be linked to emerging 

export possibilities for certain types of equipment combined with demand 

increases for large-scale equipment and/or equipment embodying more 

sophisticated technology. 

IndustriAl capacity and the potential for setting up the manufacture of 

electric power equipment are measured by the value added in all the metal 

working mechanical and electrical engineering industries. 11te level of 

complexity of the technologies 1.ised, the qualifications of ·.abour necessary 

are close to one another in these industries. Moreover, it is known that 

links may be established, particularly between the mechanical ~nd P.lectrical 

engineering industries. This is therefore probably the set of industries that 

can best reflect a potential for starting or devel~ping the production of 

electric power equipment. 

To sum up, the classification of the countries will oe based on four 

indicators:. 

Population; 

Per capita production of electricity; 

Imports of electric power equipment; 

Value added in the metalworking, mechanical and electrical engineering 

industries. 

The first three are related to the market for electric power equipment 

and the fourth to industrial polential for their production. 
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2.2.3 Alternative criteria considered 

Several other indicators that seemed interesting al first sight, had to 

be discarded for various reasons. 

Value added in the electric power equipment industries would have best 

reflected the present situation of industry. Un~ortunately, this information 

is not available except fo~ a small number of countries. The classification 

of 79 countries would therefore not have been possible. 

Export figures for capital goods or electric power equipment might have 

made it possible to identify better the equilibria existing in the markets, by 

relating them to national production and imports. However, today only the 

newly industrializing countries have significant exports of electric power 

equipment. In the ~ther cases, exports of capital goods - particularly 

electric power equipment - with some exceptions, do not attain significant 

vaiues. 11\us this indicator, although often available, was not selected. 

11\e value of man·~facturing gross domestic product (absolute or per 

capita) is also available in most cases, at least through estimate:: of the 

stn:..:ture of total GDP. However, production of manufacturing industry as a 

who~e seems to be a less precise tool for identifying capacities and potential 

of the electric power equipment industry than value added in the mechanical 

and electrica~ engineering industries, which was finally selected. 

A country'~ rate of urbanization might be an interesting indicator, as it 

wouli indicate the direction in which electrification might develop. In a 

predominantly rural cvuntry, it would be necessary to orient the production of 

electric power equipment more towards products int.ended for rural 

electrification. However, it will be seen that the use cf the four criteria 

selected sepacate& implicitly predominantly rural from predominantly urban and 

industrial countries. Therefore, use of this indicator would scarcely have 

improved the classifi,;ation made. In fact it would have been redundant. 

rl m • 
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Gross fix~d capital formation reflects a country's capacity to invest~ 

which is a relevanc factor in the present context. However, one must remertlber 

that investment figures as included in available data on gros~ fixed ca~ital 

formatior. go far beyond productive investment~ the construction of housing and 

infrastructure are e.g. included in gross fixed capital formation, but quite 

far removed from the capacity for starting production of electric power 

equipment. 

Some financial statistics could also be selected. Balance of payments 

data may give an indication of the capacity for financir.g industrial 

investment but would require cietailed supplementary information in order to he 

interpreted correctly. 

All the data discussed above are useful for formulating a policy for a 

given country. However, they have not been selected for the elaboration of 

the typol~gy since~ 

(a) The necos~ary statistics are not availablP. for many countries; or 

(b) Supplementary information would be required in order to interp~et 

the data in a simple and ~eliable manner. 

The four statistical indicators selected will make it possible to define 

seven groups of countries for which different strategies for the development 

of domestic production of electric power equipment can be formulated. 

2.3 The identification of potential market and production capacities 

2.3.1 Principles for the choice of indicators 

The se!ection of indicators will depend on the purpose of the typology • 

In this case the typology is neither intended to explain the past development 

nor to be a b~sis for quantified forecasts. Instead it should be relevant for 

developing countries with regard to~ 

(a) nteir potential capacity for starting or developing the production 

of electric power equipment. 
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(r) Their narket tn actual and potential terms. 

The word "potential" is used in its true meantng and sh0uld be 

distinguished from "actual". We have c'105en an indir:itor 0f the potential and 

not of the actual capa~ity for starting or developing the production of 

electric power equipment, namely the value added in the mechanical and 

electrical e:r.gineering sector. The actual, or real, capacity depends on 

industrial strategies, on the nUTl'ber of available engineers and technicians, 

on the past growth rate of th~ sector, etc. 

In the same w3y, indicators of a potential and not of an actual market 

were chosen, namely':. 

Popul.-tion; 

The electrificatior. rate; 

Imports of electric power equipment. 

The s 1 ze of the reai market depends on the financing capacity, the 

electrification progranme, etc. for which no suitable indicators are available. 

To sum u~: this approach is made in terms of potential and not tn actual 

terms, maKing possible a r2lative (but not an absolute) Kroup1ng of developing 

countries in relation to one another according to~ 

(a) Their potential capacity for com11u~ncin~ or developing the production 

of electric power equipme~t. 

(b) Their potential market. 

2.1.2 Interdepe~dency of selected indicators 

While the variables population and electricity production can hf' 

cnnsiclered as in~epenclent vari~bles, the same does not apply to imports of 

Pi.f'ctric power equipment ancl value ad<led in the engineering industri.-.s, both 

of which can h<'! interpreted as functions of population and <-lcctricity 

producti.m. However, it will hP ri>callecl that thf' object is not tn f'liL:it 
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econometric laws; in this ~ase, it w~uld indeed he necessary to look for 

indicator: wh~ch are genuinely independent; ~owever, in this paper, which aims 

to group countries on the basis of criteria of potential, the use of 

interde?endent variables does not cor.stitute an obstacle - it serves rather to 

refine the c:..1alysis. 

2.4 Results 

2.4.l ~resentation of basic indicato~s 

The following data ~ere collected for 79 countries with more than one 

million inhaoitants~ 

(a) nteir rank according tc size, following World Bank statistics (World 

Development Report, 1983). 

(b) Population (in million inhabitants in 1981)~ source~ World Bank. 

(c) Annual per capita production of electric power (kWh per capita) on 

the basis of the total electricity production provided by the Business 

International publication (World-wide Economic Indicators, 1983). 

(d) :::mports of electric power eq1•ipment (1981, SITC Rev.2, Groups 711, 

714, 716, 771, 772 and 773); source~ Statistical Bulletin of World Trade in 

Products of the Mechanical and Electrical Engineering Industries, United 

Nations Economic Commission for Euro~e, 1983. 

(e) Value added in the sector of mechanical and electrical engineering 

industries (1981, ISIC, Division 38). For the vast majority of countries this 

value is calculated either from the World Bank figures (table 3 of the 1983 

World Development Repol"t to obtain manufacturing output and table 6 to obtain 

outp"~ in the machinery dnd transport equipment sector from manufacturing 

output) or from the United Nations document~ Yearbook of Industrial 

Statistics, 1980. In the case of countries for which the information is not 

available (African countries), estimates were made. In certain cases, the 

position of the country was estimated only in terms of the five classes 

selected (see page 20-25). 
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Table 2. Basic indicators for the typo logy 

Per capita ImpoLts of 
Name of country Rank Population electricity elec.power Manufacturing 

production equipment value added 
(l) (2) (3) (4) (5) 

Units million kWh/yr $ million $ million 

Afghanistan 'J 16 61 7 4 cl (e) 

Algeria 80 20 310 345 460 (e) 

Angola 50 8 190 29 50 (e) 

Argentina 84 213 l,450 280 lO ,340 

Bangladesh 5 91 29 34 40 

Bolivia 43 6 250 29 50 

Brazil 81 120 l, 145 659 15 ,930 

Surma 8 34 41 51 c2 (e) 

Cameroon 56 9 144 under 50 (e) c2 (e) 

Central Africa:t Rep. 26 2 30 under so (e) 5 

Chad 4 4 .5 13 under 50 (e} 7 

Chile 85 ll l,080 12 l l,380 

China 21 991 310 445 CS (e) 

Colombia 66 26 790 193 830 

Congo 58 2 50 under 50 (e} c1 (e) 

Costa Rica 68 2 l, 10 35 50 

Cuba 57 lO l ,030 69 c3 (e} 

Dominican Republic 64 6 570 42 10 

Ecuador 61 9 360 62 150 

Egypt 46 43 430 414 600 (e) 

El Salvador 47 5.1 320 15 35 

Ethiopia 6 32 22 14 10 

Ghana 34 12 400 20 75 

Guatemala 59 7 .5 260 27 c2 (e) 

Guinea 22 6 83 under 50 (e) cl (e} 

Haiti 23 5.1 80 21 cl ( E') 

Honduras 44 4 200 16 4 .... 

India 17 c9o 170 327 CS (e) 

Indonesia 41 150 47 374 710 

I ran 75 40 430 403 c4 (e) 
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Table 2. Basic indicators for the typology (cont'd) 

Per capita Iwports c~ 

Narr.e of country Rank Population electricity elec.power Manufacturing 
producticu equipment value added 

(1) (2) (3) (4) (S) 

Units mil Lion kWh]yr $ million $ million 

Iraq 76 13 .s 590 1.080 c3(e) 

Ivory Coast 63 8.5 210 under 50 (e) 150 

Jamaica 67 2 l, 150 under 50 (e) c2(e) 

Jordan 72 3 370 112 30 

Kenya 35 17 94 under 50 (e) 110 

Dem. Rep.of Korea 69 19 1,840 18 c3(e) 

Rep. of Korea 74 39 1,030 721 3, 130 

Ku•.Jait 97 1.5 6,200 528 40 

Lebanon 79 3 6')0 57 c2(e) 

Liberia 40 2 '•50 under 50 {e) cl(e) 

Libya 95 3 1,030 700 c2(e) 

'1adagascar 28 9 44 12 cl(e) 

Malawi 11 6 67 5.3 10 

'1alaysia 71 14 640 330 750 

Mali 10 7 14 under so (e) 15 

Mauritania 37 1.6 63 under 50 (e) C l(e) 

Mexico 82 71 904 1,250 9,990 

Morocco 52 21 220 91 240 

Mozal!lbique 31 12 1,120 14 .5 c2(e) 

Nepal 7 15 15 under 50 (e) cl (e) 

Nicaragua 53 3 130 6.5 25 

Nigeria 54 88 57 570 550 

Pakistan 30 85 200 106 c4(e) 

Panama 78 2 S50 25 10 

Pa~aguay 73 3 270 12 72 

Peru 60 17 580 83 580 

Philippines 49 50 120 247 970 

Sau<i i Arabia 96 9 1,000 2,340 c3(e) 

Senegal 36 6 117 uno..er 50 (e) 40 

Sierra Leone 27 3.6 56 un<ier 50 (e) cl(e) 

Singapore 93 2.4 2 ,920 506 2,070 
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Tabie ~- Gasic indicator~ for tne typc:ogy (cont'd) 

Per capita Imports 1_-.f 

Name of country Rank Population electrici(y elec.power ~fan llf ac tur ing 
pro duet ion equipment vake added 

(1) (2) ()) Ud ( 5) 

Units mi!lio11 kWh/yr ~ millio'.l s milli•1'.l 

Somalia 18 4 .4 ~8 under 50 (e) 
c 

1 (e) 

Sri Lanka 24 15 12 7 51 dO 

Sudan 32 19 53 31 c2 (e) 

Syria 71 9 490 100 
c ( e) 3 

Tanzania 19 19 37 under SO (e) c ( e) 2 

Thai land 48 48 311 157 
c 

4 (e) 

33 3 2 .,., under SO (e) 
c (e) Togo 1 

Trinidad & Tobago 94 1.2 1,500 30 - 500 ( e) dO 

Tunisia 67 f) • 5 415 94 90 

Turkey 70 45 S60 335 l,bll> 

Uganda 13 13 54 under 50 ( e) 
c (e) 2 

Upper Volta 15 6 17 under 50 (e) 10 

(Burkina Faso) 

Uruguay 88 3 1, 100 22 .3 280 

Venezuela n 15 2,070 451 82() 

Arab Republic 38 
.., 36 under 50 (e) 

c (e) Yemen I 
l 

Zaire 12 30 lSO S3 
c (e) 1 

Zambia 45 6 1,480 lS 70 

Zimbabwe 55 7 640 17 16Ll 

(l) Classification by per capita GNP 1981 in ascending order. Source·. World 

Bank, World Development Report, 1983. 

(2) Populati~n at mid-1981. Source~ World Bank, ibid. 

(3) From electricity production 1981. Source~ Business International, 
World-wide Economic Indicators, 1983. 

(4) 1981 figures. Scurce~ United Nations, ECE, Bulleti'l on world trade 
statistics in the mechanical and engineering industries, 1983. 

(5) According to SITC Rev. 2, Groups 711, 114, 716, 771, 772, 773. Source·. 
United Nations, Yearbook of Ind 11strial Sta(istics, 1980 edition (1980 figures). 

(e) Estimated. 

r. l C5 _. . . 2 l 2 to accor111ng to section •.•• 
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2.4.2 A graphical representation of selected indic~tors 

Thref' graphs W{·re prepared from the above data, with population as common 

reference variable. In fact, population is the simplest and the least 

disputable criterion for a first classification of the countries and three 

classes of countries are used:. 

Countries with sm3ll population~ less than 5 million inhabitants 

Countries with 1aedium-sized popu!atio:1:. 5-20 million inhatitants 

Countries with large population~ more than 20 mil 1 ior inhabitants 

f~gure 3 class;fies the countries according to their per capita 

electricity production, three classes of countries being distinguished~ 

Countries of low elect·_-1fication level:. less than 100 kWh/year per capita 

Countries of medium electrificatio'1 level~ l00-500 kWh/year p~r capita 

Countries of high electrification ievel:. more than 500 kWh/year per capita 

The class of countries at a low electrification level includes countries 

of every size. In this group one finds the majority of the least developed 

countries a1~ two major petrolewn producing countries - Indonesia and 

Nigeria. The class of countries with a medium electrification level also 

contains countries of every size, but wi~h a predominance of medium-sized and 

large countries, particularly the People's Repu~lic of China and India. 

Finally, the class of countries with a high electrification level consists of 

a very diverse groups of countries:. (a) Small cour.tries such as Costa Rica, 

Panama and Singapore·, (b) ~etro leJm producing count rie<> (Iraq, Kuwait. Libya, 

Saudi Arabia and Venezuela); (c) Countries with a wedium and in some cases a 

low income le~~1. whose electric power production can be expla~nei by specific 

domestic fact~rs·. Mozaml-iique - major hydroelectric darr. and large-scale 

exports; Chile, Jamaica, Zambia - mining countries, etc.; (d) The most 

advanced developing countries or those referred to as the newly 

industrializing countries (NICs):. Arge'1tina, Brazil, Mexico and Republic of 

Kon~a. 
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Figure 4 classifies the co· ntries according to their imports of electric 

power equipment in 1981. ntese imports, even calculated for a single year, 

give a significant indication of the domestic market, except in the case of 

the ten or so countries that produce electric power equipment. nte following 

classes may be distinguished; 

Countries with a low level of imports; less than $US 50 million 

Countries with a medium level of imports: tus SO - 300 million 

Countries with a high level of imports: more than $US 300 million 

The countries with a low level of imports form a diverse group: small 

countries that have already achieved a certain level of electrification (Costa 

Rica, Panama), countries with low and very low income (Ethiopia, Bangladesh, 

Madagascar, Sudan), and countries such as Angola, Mozambique, Nicaragua, 

Zimbabwe. On the other hand, the class of countries with a mediu10 level of 

imports is more homogeneous. It includes medium-sized and large countri~s and 

countries with a middle level of income. Finally, the class of countries with 

a high level of imports includes two quite distinct categories: the petroleum 

producing countries, whose domestic financing capaci~y allows ~hem to 

implement electrification projects (Algeria, Indonesia, Kuwait, Libya, 

Malaysia, Nigeria, Saudi Arabia, etc.) and the newly industrializing 

countries, which, while they have cor.siderable production capacity for capital 

gcods, are still very large-scale importers. 

Figure 5 classifies the countries according co their production of 

capital goods measured by value added in the engineering, electricai and 

transport equipment industries. A distinction is made between five classes by 

analogy with the classification of capital goods according to their degree of 

complexity.~/ These classes (c 1 to c5 ) are: 

8/ Six levels of complexity have been defined in earlier work by UNIDO. 
In that analysis the production of equipment of complexity level 5 has already 
been attained by the newly industrializing countries, whereas the production 
of capital goods ,>f complexity 6 is the prerogative of the most fully 
industrialized countries. See UNIDO, First Global Study on the Capital GoodP 
Industry: Strategies for Development, ID/\.C.342/3, ~July 1981. 
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cl; Production less than $us 20 million 

C2; Production between $US 20 and $us 60 million 

CJ; Production between $us 60 and $us 300 million 

c4; Production between $us 300 and $us 2 ,ooo million 

CS; Production more than $us 2 ,000 million. 

It is assumed that for any given country there is a correlation between 

the absolute value of production of capital goods and the level of complexity 

of the capital goods manufactured. 

2.4.3 Elaboration of the tyPology 

As was c·escribed above, the ~fpology attempts a grouping of developing 

countries according to their potential production capacity of electric power 

equipment and their market potential. It is recalled that the criterion for 

determining the production potential is; 

Value added in the engineering, electrical and transport equipment 

industry; 

The criteria used for describing the market potential are; 

Pc,>ulation 

Per capita production of electricity 

Imports of electric power equipment. 

Breakdown of selected criteria 

The production potential criterion is broken into five classes as 

described in section 2.4.2 above. The classes are henceforth designated as 

fol lows; 

Low capacity for starting or developing the manufacture 

of electric power equipment 

Medium level development capacity 
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Hi~h development capacity 

Very high development capacity lacking mewely a few 

elements of a complete electric power equipment industrv. 

It is recalled that the population criterion is broken into three classes 

as follows; 

Class l; Countries with less than 5 million inhabitants 

Class 2; Countries with betveen 5 and 20 million inhabitants 

Class 3; Countries with more than 20 million. 

11te criterion concerning per capita production of electricity is broken 

into three clas~es: 

Class !.; Countries with less than 100 kWh/yea.:-

Class 2: Countries with between 100 and 500 kWh/year 

Class 3; Countri2s with more than 500 kWh/year. 

11te criterion of imports of electric power equipment is broken down as 

follows: 

Class 1: Countries with less than $US 50 million in 1981 

Class 2: Countries with between SUS 50 and SUS 300 million 

Class 3: Countries with more than $US 300 &illion. 

Determination·of·market·potential 

The market potential is determined through the construction of an index 

number for each country, with a value between 3 and 9, by the following method: 

A value of one is attributed to a country whenever it belongs to the 

lowest class according to the criteria for population, per capita production 

of electricity or imports of electri•. power equipment. Whenever countries 
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belong to the second class, a v~lue of 2 is attributed and when they belong to 

the highest class a value of 3. These values are added into index numbers 

which are presented in table 3.a. 

The following designations have been adopted to countries in the various 

index groups-. 

Ind ices 3 and 4·. Countries with v~ry low market potential 

Ind ices 4 and s-. Cou".ltries with low market potential 

Ind ices 5 and 6-. Countries with medium market potential 

Indices 7 and 8~ Countries with high market potential 

Ind ices 8 and 9-. Countries with very high market potential 

Table 3.b shows the actual classification of the countries under analysis 

according to the above criteria. Furthermore the criterion for potential 

production capacity based on Pf/A in mechanical and electrical engineering 

industries has been included in table 3.b. Table 3.b can therefore serve as 

the basis for the final construction of the typology. 

Final grouping of countries according to market potential and production 

capacity potential 

Combining the index numbers describing the market potential and the 

classification categories of the production capacity with the classification 

categories for population will result in the identification of 9 country 

groups as shown in table 4.a. Table 4.b is an expansion of table 4.a, using 

also the criterion of potential production capacity. The identified 9 groups 

can inmediately be reduced to 7 since-. 

(a) Singapore, a small country, could be classified in group 7, 

consisting of semi-industrialized countries 

(b) Four medium-sized countries, with large markets and high capacity 

(Chile, Malaysia, Peru, Venezuela) have the same potential as large 

countries and accordingly could be classified in group 6 (countries with 

large market and high capacity). 



Table 3.a. Calculation of indices for market polential 

Po2ulation in million 
laports Less lhan 5 Belween 5 and 20 Above 20 
of electric l 2 3 
power ---------------------------------------------------------------------·-·----
equipment Electricitf 2roduction in ltWhl1ear 
in aillion SUS 100 100-500 500 100 100-500 500 100 100-500 500 

1 2 3 1 2 3 1 2 3 

' r\) 
O'I 

Less lhan 50 l 3 " 5 4 5 6 5 6 7 

Between 50-300 2 " 5 b 'j 6 7 6 7 8 

Above 300 3 'j 6 1 6 7 8 7 8 9 

~~~~~~~~~~~~~·~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~--~~~~~~~~~~~~~~~ 
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Less than 5 

Countries with 
VerJ saall aartet (indices 3 and 4) 
Low capacitJ (Cl, C2) 

Countries with 
Mediu ..... sized aartet (indices 5 and 6) 
Low to aediua capacity (C2, C3) 

Countries vi lh 
Large .. rtel (indeK 1) 
High capacitJ (C~) 

T•ble ~.a. Croups of developing countries 

Population in million 
Between 5 and 20 

Countries with 
Small market (indices 4 and 5) 
Low capacity (Cl,C2) 

Countries with 
Mediua aartet (indices ~ and 6) 
Mediua capacilJ (C3) 

Countries with 
Large aartet (indices 7 and 8) 
High capacilJ (C~> 

Above 20 

Countries with 
Mediua aartel (indicea S and 6) 
Low capacity (Cl,C2) 

Countries with 
Large aarkel (indices 7 and 8) 
High capacity (C4) 

~ountries with 
Very large aartet <indicu 8 and 9) 
Very high capacity (C5) 

r..J 
O" 



Le111• lhan S 

Group 1: VerJ 1aall ••rket/ 
lov capacitJ 

1. Central African Republic 
2. Chad 
3. Congo 

•• ltonduraa 
5. Liberia 
6. Mauritania 
1. Nicaragua 
8. Pat agua1 
9. Sierra Leone 
10. Soaalia 
11. Togo 

group 2: Mediua 1ized •arket/ 
low to aedium capacity 

1. Cost Rica 
2. J .. aica 
3. Jordan 

•• Ku11ait 
5. Lebanon 
6. Libya 
1. Panaaa 
8. Trinidad ar.d Tobago 
9. Uruguay 

Table •.b. Typology of developing countrie1 

Population in million 
Between S and 20 

Group 3: Small market/low capaci.ty 

l. Afghanistan 11 . Madagascar 
2. Angola 12. Malawi 
3. Bolivia 13. Mali 

•• Burkina Faso 14. Mozambique 
5. Cameroon 15. Nepal 
fi. Dominican kepublic 16. Senegal 

IU Salvador 17. Sudan 
8. Guatemala 18. Tanzania 
9. Guinea 19. Uganda 
10. Haiti 20. Yemen Arab Republic 

group •: Medium-sized market/medium capacity 

l. Cuba 8. Tunisia 
2. !!:cu ado" 9. Saudi Arabia 
3. Ghana 10. Sri Lanka 

•• lraq 11. Syria 
5. lvory Coasl 12. Zambia 
6. Kenya 13. Zimbabwe 
1. Korea, Dr.n1. kel'. 

9roup 6: Large markel/largc capBciLy 

1. Chile 
2. l'!alayi:ia 
3. l'eru 
II. \'i-:~"1'Uela 

g~: Large market/large capacity 

l. Singapore 

Above 20 

g.roup 5: Kedium-1ized market/ 
low capacity 

1. Bangladesh 
'·~ 2. Burma .., 

3. t:thiopia 
Ii. Zaire 

~.r.~: Large markel/largc capacity 

l. Algeria 7 . Nigeria 
2. Colombia 8. Pakistan 
3. l!:gypt 9. l'h i l i pJI i nes 
''. Indonesia 10. Thai land 
5. lran 11. Turkey 
6. Morocco 

9 i:2.!!.2...1 : Very larr.c market/ 
very larr.~ capacity 

1. Argr.nli na ,, . India 
2. l!razil ~- l<orea, Rr.p. 
3. China b. Meai co 

---------. ------
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pescription of the final grouping 

A. Countries with a small population (less than 5 million inhabitants))~ 

20 cou~tries 

Group 1. Very small market, low capacity; 11 countries~ Central African 

Republi~, Chad, Congo, Honduras, Liberia, Mauritania, Nicaragua, Paraguay, 

Sierra Leone, Somalia, Togo. (In this group one can also include Benin, 

Bhutan, Burundi, Democratic Yemen, Lesotho, Lao Peopie's Democratic Republic, 

Mongolia, Niger and Rwanda). 

Group 2. Medium-sized market, low to medium capacity; 9 countries~ 

Costa Rica, Jamaica, Jordan, Kuwait, Lebanon, Libya, Panama, Trinidad and 

Tobago, Uruguay. (The United Arab Emirates can be classified in this group. 

Note; Singapore would belong to this group but has been classified - as 

indicated above - as a semi-industrialized country in group 7). 

B. Countries with a medium-sized population (between 5 and 20 million 

inh3bitants)~ 33 countries. 

Group 3. Small market, low capacity; 20 countries~ Afghanistan, Angola, 

Bolivia, Burkina Faso, Cameroon, Dominican Republic, El Salvador, Guatemala, 

Guinea, Haiti, Madagascar, Malawi, Mali, Mozambique, Nepal, Senegal, Sudan, 

Tanzania, Uganda, Yemen Arab Republic. (Democratic Kampuchea could be 

included in this group). 

Group 4. ~edium-sized market, medium capacity; 13 countries~ Cuba, 

Democratic People's Republic of Korea, Ecuador, Ghana, Iraq, Ivory Coast, 

Kenya, Saudi Arabia, Sri Lanka, Syria, Tunisia, Zambia, Zimbabwe. (Note~ 

4 countries with large market and high capacity - Chile, Malaysia, Peru, 

Venezuela have been classified in group 6~ countries with large populations 

that already have a developed capital goods sector). 
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c. Countries with a Jarge population (more than 20 million inhabitants 

26 countries. 

Group 5. Medium-sized market, low capacity; 4 countries~ Bangladesh, 

Burma, Ethiopia, Zaire. (Viet Nam could be included in this group.) 

Group 6. Large market, high capacity; 15 co•mtries~ Algeria, Colombia, 

Egypt, Indonesia, Iran, Morocco, Nigeria, Pakistan, fhilippines, Thailand, 

Turkey as well as Chile, Malaysia, Peru and Venezuela as indicated above. 

G~oup 7. Semi-industrialized countries; 7 countries~ Argentina, Brazil, 

China, India, Republic of Korea, Mexico and Singapore. 

It is recalled that the country case studies that have been carried out 

by UNIDO cover the following groups~ 

Two studies concerning Group 3~ 

Five studies concerning Group 6~ 

Bolivia, Cameroon, Tanzania 

Indonesia, Pakistan, Algeria, 

Egypt, Colombia 

Three studies concerning Group 7~ Republic of Korea, Mexico, India. 

The selection of country case studies was made following an earlier, 

tentative, version of this typology. 
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3. ELEMENTS OF STRATEGY 

3.1 General·remarks·on·strateg~ 

For each group of countries it was tried to specify the possible 

development strategies for the electric power equipment sector, on the basis 

of the various country case studies prepared by UNI~/ and on the more 

specific papers prepared by the Institut de Recherche Economique et de 

Planification du D~veloppement.lO/ Six strategies will be developed. The 

four countries in group five (Bangla~esh, Burma, Ethiopia, Zaire) have, 

however, too specific characteristics to allow the proposal of a hcmogenous 

strategy. Possible strategies for this group could be similar to those of the 

group of medium-siz1!d popula~ion, small market and low technical capacity 

(group 3) and to these of the group of countries with medium-sized population, 

medium-sized market a~d medium technical capacity (group 4). What should be 

noted above all for this group of countries is the size of their potential 

market and their weakness in maste1ing the capital goods sector. 

Before giving details of each strategy, it is nece~sary to em?hasize a 

number of points and trends common to all the groups of countries. 

All the activities and products linked to the generation, transmission 

and distribution of electric power must be taken into consideration. The 

purpose of this approach is not to limit targets merely to the production of 

capital goods and consequently not to exclude a large number of countries from 

9/ Algeria, Bolivia, Cameroon, Colombia, Egy~t, India, Indonesia, 
MP.xico, Pakistan, Republic of Korea, United Republic of Tanzania. 

WI 
distrlbution 
distribution 

A. Gaul~ - Les biens de capital pour 
d'~nergie ~lectrique, (capital goods 
of electric power) November 1979. 

la productio~ et la 
for the generation and 

A. Gaal~, R. Chaponni~re, R. Ti~erghien, P. Vernet - La 
coop~ration industrielle avec les pay en d~velopr~ment ~ partir de 
l'~lectrification rurale. (Industrial co-operation with the developing 
countries on the basis of rural electrification) 

R. Tiberghien - Probl~mes technologiques dans lP. secteur des 
biens d'~quipement - la Tunisie (Technological problems in ci1e capital goods 
sP.ctory - Tunisi3) - UNCTAD/TT/53, 1982. 
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the scope of discussion. Tables 5, 6 and 7 show clearly that equipment in the 

strict sense represents on the average only 50 per cent of investments (for 2 

medium voltage distribution line, the share of equipment is even lower). It 

is necessary to take into account~ 

(a) Repair and maintenance, the learning effects of which are very 

important for countries starting the proces& of industrialization; 

(b) Assembly, which representa up to 50 per cent of the cost of the 

investment; 

(c) Civil engineering activities which represent approximately 

25 per cent of the cost of the investment; 

(d) So-called software activities: the services of consultants for 

general planning studies, feasibility studies, engineering services for the 

preparation of project studies and R&D activities. 

Among the economic agents, the Government plays a considerable role. It 

is nol without reason that the role of the Government is emphasized. In most 

countries, whether developed or developing, the Government has the final 

control of the entire energy system and in particular of the generation, 

transmission and distribution of electric power. Accordingly, the Government 

and its specialized bodies, will tend to get heavily involved in; 

Drawing up mediu~ and long-term energy development plans; 

Making investment studies; 

Selection of partners for co-operation; 

Supervision of the erection Jf the installations; 

Organization of the maintenance of the installations; 

Promotion of specific training progranunes; 

Promotio&1 of national consultancy and engineering companies; 

Promotion of a national industry for electric power equipment; 

Developing a policy tor the purchase of technology. 
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Table 5. Thermal power station - breakdown of costs 
(per cent of total cost) 

Breakdown Of which~ 
according Less Moderately 

Type of to type complex complex 
Very 

Complex complex 
Activity of ac tivit:; activities activities activities activities 

Engineering 10 
Civil engineering 25 20 5 
Equipment 50 

including·. 
Structures, 
Boilermaking 17 3 1 13 
Foundry, 
Machining 17 0.5 6.5 10 
Switchgear and 

control equip-
ment 16 o.s 3 12 .5 

Assembly 15 10 3.5 1.5 

Total 100 33 10 .s 24 22.5 

Table 6. Diesel power and mini-hydro stations - breakdown of costs 

Per cent Per cent 
Activity of total cost Activity of total cost 

Diesel power station Mini-h;t:dro station 
Design, engineering 10 Design 10 
Civil en6ineering 20 Civil engineering 50 
Assembly 15 Hydraulic equipment 20 
Equipment, including 55 Electrical equipment 20 

Engine 30 
Alternator 10 
Electrical equipment 
and instru:nentation 10 
Fuel storage 5 

Total 100 100 
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Table 7. Very high voltage, high voltage and medium voltage transmission 
networks - breakdown of costs 

Activity Per cent of total cost 

1. Overall network 

Civil engineering 
Equipment (circuit-breakers, disconnecting 

switches, transformers) 

2. Very high voltage and high voltage lines 

Appliances 
Cables, towers, accessories 
Assembly 

3. Medium voltage lines 

Appliances 
Cables, poles, accessories 
Assembly 

Total 

Total 

Total 

30 

70 

100 

30 
30 
40 

100 

10 
40 
50 

100 

A genuine start-up of the production of electric power equipment 

necessitates technological unpackaging and consequently the development of 

national engineering capability. All the C·)untry studies insist on this 

point. Certain countries like Brazil, Egypt, the Republic of Korea and 

Indonesia h3ve established legisiation for the purpose, firstly to promote 

national engineering companies and secondly to ensure that the turnkey 

approach is not considered as the only means of making investments. In this 

context, it should be pointed out that also countries of the smailest size 

that as yet manufacture equipment (for example, Tunisia) are setting up a 

strategy for technology unpackaging so th~t they can entrust to the national 

industry the manufacture of sub-ass~mblies of low to medium complexity (metal 

structure<;, boiler-making product<;). 
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In the framework of national strategies emphasis must be given to the 

development of an industry that manufactures equipment for the domestic 

market. This import substitution or self-reliance strategy is the only 

possible approach for most of the countries. In this field it seems difficult 

to base a policy on the export of part of the production because the products 

must meet quality standards and exports must be accompanied by proposals for 

financing. The majority of the developing countries can only meet these two 

e3sentia! requirements with difficulty. This pJint of view does not mean, 

however, that it is n0t necessary to make significant efforts to make the 

'roduction cf equipment possible at the regional level. Similarly, experience 

shows that the new industrializing developing countries have begun to export 

some items of electric power equipment, such as motors, distribution 

transformers and low voltage gear. 

For all countries the question of the linkage between the electric power 

equipment sector and the capital goods sector as a whole is fundamental. 

These linkages can be regarded from the following viewpoints: 

(a) Upstream linkages: iron and steel and metallurgy. In the countries 

that are at the beginning of the industrialization process, this linkage does 

not exist. The development of the upstream sector can even be regarded as not 

indispensable because the rel~vant investments are very considerable and the 

establishment of an upstream sector does not significant!} increase the level 

of national content in electric power equipment. On the other hand, for 

countries whose industry has already reached a substantial level of 

development, a better linkage between the upstream sector and the electric 

power equipment sector is necessary. 

(b) Linkage to basic activities of the capital goods industry and to 

subcontracting. This relates to linkages to foundries, forging, mec.hanical 

engineering and heat treatment. These activities form the basis of a capital 

goods industry and the production of electric power equipment should give an 

impetus to the development of such infrastructure. It seems clear from the 

case studies on the most advanced couatries that the establishment of these 

basic activities is a necessary intermediate stage to increase the national 

content significRntly. But this requires very substantial investments. 
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The linkage with the sub-contracting sector is based on a different industrial 

organization. It is necessary to create linkages between the major 

enterprises and the small and ~ediwn-scale enterprises in order to derive the 

maximwn benefit from economies of organization and specialization. This 

industrial strategy is to some extent opposed to that based on the 

construction of vertically integrated large complexes. 

(c) The last form of linkages would be producing other equipment by 

setting up multipurpose machine shops, multipurpose assembly shops, etc. This 

strategy can reasonably be adopted by all countries beginning to develop the 

capital goods sector and in these countries agriculture and energy constitute 

two national priorities. One can then envisage joint production of 

agricultural equipment, equipment for renewable energy, simple equipment for 

the distribution of electric power, such as poles, distribution boxes and line 

disconnecting switches. 

Finally, with regard to international co-operation, two points should be 

emphasized~ the role played by the transnational enterprises and the question 

of financing investments. 

It should be recalled that some twenty transnational corporations 

originating in the industrialized countries basically control the sector. 

These firms have developed a strategy for the internationalization of 

production in the form of majority holdings in subsidiaries, joint ventures, 

sales of licences. Moreover, they control the market of the developing 

countries. The importance of financing and the use of standards are other 

factors which contribute to an oligopolistic situation in the field of heavy 

electric po·.rer equipment. The objectives of developing countries should be to 

strength~n their national capability of consultation and studies and the 

establishment of technological legislation. This would strengthen their 

bargaining posi~ion. In this general framework the strategies of the 

developing countries to arrive at a stage of autonO'.llcus development and the 

strategies of the corporations to penetrate or retain markets are not 

impossible to reconcile. Each of the partners may hope to find areas for 

negotiation, in partic~lar in the field 0f the transfer of technology. In a 

world suffering from crisis and market recession, certain developing countries 
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may play the purchaser's trump card to acquire technologies and the foreign 

partner knows that in order to preserve market shares he has no other choice 

but to transfer his technology, even as a minority partner. Beyond the 

transfer of technology, the implementation of an industrial co-operation 

policy m•1st be possible. 

The second point concerns the financing of electrification progrannes. 

For countries with low and medium income, for ~xample Bulivia and Tanzania the 

future as far as the implementation of electrification progranmes is concerned 

is quite grim. 'l1le transnational corporations have registered a slump in 

invitations to international tender since the end of 1983, which will lead in 

the coming two years to a substantial drop in orders. An international 

consultation on the development of the electric power equipment industry in 

developing countries should try to touch on this question. 

3.2 Plan·of·presentation·of·strategies 

For each group of countries the following presentation has been adopted; 

(a) General characteristics of each gr"'up of countries; level of 

development, significant d~velopment characteristics, financing capacity, 

characteristics of the capital goods industry, etc. 

(b) Energy resources and policies: an attempt will be made to indicate 

natural resources and potential as well as the major energy strategy options. 

{c) Strategies. 11tree points will be developed. 

(i) Constraints. 

(ii) The carg.:>ts to be aimed at i11 the following fielclq; 

Cons11ltancy ac:tivitit>s 

Engin~eri~~ activities 

R & r1 

R~r::ir an<I rnaint.:>nancP. 

r.ivil 1-.nc_;i.1Perin., 
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Assembly and supervision 

Production of equipment: 

Low and medium voltage cables, switchboxes, poles, cables 

Medium, high and very high voltage distribution equipment 

Electric power generation equipment. 

(iii) The implementation of these strategies, emphasizing 

particularly~ 

The role of different actors, particularly the Government 

Linkages with the capital goods sector as a whole 

Technologi~al policy, particularly specialized training, the 

development of engineering acti\•it ies, etc. 

Needs with regard to co-operation. 

3.2.1 6roup·l. Very·small·market;·low·eapaeity 

Central African Rzpublic, Chad, Congo, Honduras, Liberia, Mauritania, 

Nicaragua, Paraguay, Sierra Leone, Somalia, Togo. 

(a) ~eneral·eharaeteristies 

-- 12 . h . . h 1 h 5 . 11 . . . l l/ iue ~ountries in t is group, wit ess t an mi ion inhabitants--

are characterized mainly by: 

Their restricted domestic market; and 

Their low technical level. 

In addition to these main elements revealed by the typology there are 

some supplementary data that will characterize these countries with regard to 

their strate~ies for electrification and the mastery of the first stages of 

li/ Tt wouL! ht! po:,o;ibl~ t11 i..tc1'.Jdr: in thi.s gr·oup 111-ij udwr :<.im1ri.-::, 
n..iml"l"Y:' th•)SP fo:- w:iich •;:Jtistic~ wcrc• n,Jt v1~r1 .el1ah~•:, :J; w"LI ;,_.; ·l1 ,.;.,. 

with pop111.1t~"""" of t~;1s rhcin •1:l<> .,,j J li:i:1 (~f'liZ•<, (;•1i11•:>:i-:\i:;~'.1t1, "> 1ri·J<; ... ·, 

S . az i l:.1; ,f). 
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techr>ology linked to electrification. Most of them are in the group of least 

developed countries. The average gro•.o1t~ of per capita GDP was low {l per cent 

annual lv) in the period 1970-1981. The manufacturing sector began to develop 

around the 1960s and later development had to be based mainly on agriculture, 

with the corollarv that it was necessary to implement a genuine rural 

development policv. 

The electrification rate is low (less than 100 kWh/year per capita on the 

average) and only 5-10 per cent of households have electricity. 

Electrification is possible only by means of bilateral or multilateral 

financing, because the countries' own financing capacity is very low. 

Fin.'ll ly, the engineering industry is at a very low level of development 

and consists of a few repair and maintenance workshops and workshops for the 

production of agricultural implements and small agricultural machinery. The 

handicraft sector plays an important role there. 

(b) Energy·resources·and·policies 

Except for the r.ongo, these countries do not at present have any 

hvdrocarhon resources and, gen~rally speaking, their hydroelectric potential 

is limited. This means that progress in electrification will be made by 

importe~ resources, pending notable progress in the field of new and/or 

decentr:dized for!lls of energy. This constraint may limit the rate of 

elr>ctrificatinn, with all the consequences on potential markets. 

(c) Str<itegi~s 

(i) Constraints. The constra~nts have already been referred to, 

but their effoct is very great. I11 particular, the constraints 

are; 

The lack of resources to finance the capital goods industry 

by electrification programmes. 
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The very small market~ absolute consumption for this group 

of countries is in the order of 100-200 G'vlh/year> i.e., 

10 times less than the group of mediLUU-sized countries 

( 1 . . . > 12 I Bo iv1a, Tanzania .~ 

Very great weakness in the field of mastering technology. 

(ii) Activities and products. National efforts should be devoted to 

the following fields~ 

The operation and maintenance of power stations. All the 

above-mentioned country case studies insist on this point, 

because maintenance is the starting point for training a 

generation of skilled manpower. Moreover, judicious 

management of spare parts can lead to substantial savings in 

foreign exchange. 

The development of domestic consultancy fi.-ms for the 

definition of energy strategies, long-term plans, 

feasibility st~dies and the monitoring of projects. The 

case study on Bolivia shows that these activities began 

around the 1960s and that 25 years later the national 

participation in this work is in the order of 50 per cent 

and that the cost is 30-40 per cent lower than international 

price~. 

In the field of capital goods proper, very little can be 

envisaged in the coming ten years. H~wever, it would be 

deeirable to develop the ability tc participat~ in civil 

engineering and in assembling work as well as in the fiE ld 

of wiring low and medium voltage distribution switchboards. 

12/ The two countries referred to possess an industry for the 
manufacture of distribution transformers operating under difficult 
profitability conditions. With a growth rate of consumption of 8 per cent per 
annum in the countries of group 1, it would take 30 years before consumption 
increased by a factor of 10. 
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(iii) Implementation. The experience of the other countries shows 

that special efforts must be made in the field of training~ 

Training for maintenance may take several forms~ (a) Courses 

in the factory of the supp~.ier of equipment or in equivalent 

power stations; (b) specialized courses in foreign countries; 

(c) participation in the assembly and start-up of power 

stations; (d) finally, the systematic organization of courses 

in the country itself. 

Training for planning studies and mastering the complex of 

consulting activities may be accelerated by technical 

assistance agreements. All the country case studies referred 

to specialized technical assistance from very diverse countries 

such as Canada ~through ACDI), France (EDF International), the 

Federal Republic of Germany and the USSR. 

The state has an important role to play in all these fields~ 

To promote consultancy firms; 

To promote maintenance training courses; 

To promote and negotiate technical assistance agreements; 

To stipulate that nationals must participate in assembly and 

civil engineering work. 

3.2.2 Group 2. Medium-sized market, low to w.edium capacity 

Costa Rica, Jamaica, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, 

Panama, Trinidad anrl Tobago and Urugua1. 

(a) General characteristics 

This group of nine countries with populations of less than 5 million is 

di fforent from the pr~ceding group in two r<~spects~ 
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The mark~t size~ annual consumption is in the order of 

2,000 - 4,000 GWh. Most of the countries have a high per capita 

electrification rate above 500 kWh/year. 

The degree of mastering technology is higher. 

Two petroleum producing countries belong to this group (Kuwait and the 

Libyan Arab Jamahiriya)~/ and are very large-scale importers of electric 

power equipment financed by own resources. 

These countries have middle-range per capita income (Costa Rica 

$US 1,420, Jordan $US 1,620, Panama $US 1,910, Paraguay $US 1,630) with a high 

urban:zation rate and a manufacturing sector that accounts for more than 

10 per cent of GOP. 

(b} Energy resources and policies 

Most of the countries are producers of hydrocarbons or have access to 

them on preferential terms (Costa Rica, agreement with Mexico and Venezuela; 

Jordan, agreement with Arab producers). Electrification is already very 

advanced (more than 500 KWh/year per capita) and there is no major obstacle 

towards the continuation of electrification. 

The energy policy is t~~refore linked to demand from economic sectors 

(industry, agriculture, services), which already constitute a market and which 

are expected to expand in the future. 

(c} Strategies 

(i) Constraints. A market thus exists, which, however, will remain 

moderate in size. It should permit the production of simple 

equipment such as electric motors, distribution transformers 

and certain sub-assemblies for power stations. 

13/ Petroleum producing countries with less than one million inhabitants 
could-also be included in this group~ Bahrein, Oman, Qatar, etc. 
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(ii) ActivitieE and products. Study and consultancy activities 

should develop considerably in order to make it possible to 

master most of the long-term and feasibility study activities. 

It is conceivable that, with the aid of foreign technical 

assistance, these countries can carry out detail engineering 

studies locally for transmission lines and stations and for 

parts of the power stations. 

In view of the technological level achieved by these countries, 

it seems possible to carry out locally most of the civil 

engineering and assembly work, which represents about 

40 per cent of the price of a power station, 30 per cent of the 

price of a very high and high voltage station and 40-50 per 

cent of the price of very high, high and medium voltage 

1
. 14/ i.nes.-

As far as equipment is concerned, it should be po~sible for 

certain countries to conmence the manufacture of low and medium 

voltage wires and cables and of electric motors and 

distribution transformers. 

(iii) Implementation. See the measures advocated in section 3.2.1, 

since the situations are almost identical. 

3.2.3 Group 3. Small market, low capacity 

Afghanistan, Angola, Bolivia, Burkina Faso, Cameroon, Dominican Republic, 

El Salvador, Guatemala, Guinea, Haiti, Madagaacar, Malawi, Mali, Mozambi~ue, 

Nepal, Senegal, Sudan, Tanzania, Uranda, Yemen Arab Republic. 

},!:_/ Cf. tables 5, 6 and 7. 
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(a) General-characteristics 

'Ibis is the largest gr~4p of countrier {20 countries), the chief 

characteristics of which are that their technical capacity is still limited, 

and that the market is still not large. However, if these countries impl~ment 

appropriate strategies, it is conceivable that in the coming ten years or so 

some of them will either commence engineering activities or start 

manufacturing electric power equipment. t1lis indicates the importance that 

should be attached to this group. 

Nevertheless, the group has quite heterogeneous characteristics: 

As regards the rate of electrification, 12 countries have electric 

power production below 100 kWh/year per capita, and 6 have values between 

100 and 500 kWh/year. 

As regards income, some of the countries are still classified as least 

developed countries (Burkina Faso, Nepal, Tanzania), while others have a 

higher per capita income (Bolivia, Cameroon). 

As regar~s industrialization, all these countries rave begun their 

industrialization process, in particular using their own natural resources, 

and for some of them the manufacturing industry already accounts for between 

5 and 10 per cent of the GDP. 

As far as the mastering of technology is concerned, the situation can be 

ascertained in the light of a few cases~ (a) Nepal (table 8); (b) Bolivia and 

Tanzania (table 9). 

It will be found that the capital goods industry is in an embryonic 

condition. The first production plants for electric power equipment date from 

the 1960s in Bolivia. They ue much more recent in Tanzania. 1~ general the 

enterprises do not use their prod~ction capacity in full, mainly because of the 

lack of components, sub-assemblies and raw materials, which these two countries 

have difficulty in importing because of the shortage of foreign exchange. As far 

as Nepal is concerned, development is oriented towards mini hydro plants. 
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Table 8. . Nepal : The e 1 ec tr ic power equi p'lle.nt 
Major categories of machinery and equipment, producers, users and their prospects 

Major machinery and equipment produced 

a) agricultural machinery 
(tractor attachments, rice huller, flour 
mills, oilpressers, threshers) 

b) spinning and weaving machinery 
(power looms) 

c) carpentry machinery 
(circular saws, electric planers, wood 
lathes) 

Hain producers 
H • modern 
T • traditional 

M 

M 

H 

Maiu users 

farmern 

cottage industries 

carpenters, 
construction 
industries • 

Future prospects 

bright 
(modernization of agriculture) 

reasonably bright 
(There is sufficient demand, 
but the problem is the increa
sing imports of machine-woven 
cloths from India) 
bright 
(Hotel construction boom) 

~-------------------------------------------------------------------------·---------------------------------------------
a) agricultural tocls (hand tools) 

b) spinning and weaving too}s (pedal looms) 

~) carpentry and artisan tools (augers, 
chisels, planers, saws, adzes, brick 
choppers, plumb lines) 

H (ATF, etc.) 
T (blacksmiths) 

T (carpenters) 

H 
'I' (blacksmiths) 

farmers not promising 

farmers not promising 

carpenters bright 
masons and farmers 
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a) energy generating equip~ents (water 
turbines, water wheels, hydrolic rams, 
pumps, gobar g~s tanks, etc.) 

b) electrical equipments (air coolers, 
electric cookers) 

c) transportation equipments (wheel barrows) 

H 

M 

H 

local governments 
(development 
projects) 

households 

factories 

bright 
(Government H'ojects) 

bright 
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a) infrastructural equipments 
(suspension bridges, water gates) 

b) construction materials (roof truaaes, 
grilles, window fra~es, iron gates) 

c) steel furniture (steel almirah, steel 
desks, etc.) 

H 

M 
petty welding 

H 
(furniture work) 

government 

conatruct;on indus
tries & households 

government and 
private officel'i 

bri~ht (government projects) 

bright 
(hotel construction boom) 

bright 

CF'< 



Table 9. Bolivia and Tanzania: Data on the electric power equipment indust~y 

bolivia Employment: 180 persons 

~:~~ribulion transformers (2 enterprises) 

plant dating from 1968 25 persons 
produclion 40 units 

l plant dating from 1976 25 persons 
production SO units 

Cables (2 enterprises) 

National technology 

US technology 

1 planl daling from 1964 Copper and aluminium con~uclors 
PVC insulated 

: planl dating from 1973 

?ole$ (3 enterprises) 
planl daling from 1969 
concrete pcles - FRG technology for 69 kV lir.es 

, plant daling from 1977 for rural eleclrification projects 
( concrct~ poles) 

_ ~!ant for wood~n poles u~ing cucalyplus 
: ·::; lechnology 

:ourcc: UNIDO country case studi~s. 

Tanzania ~mployment: 252 persons 

Distribution transformers and switchboards 

1 plant daling from 1981 Capacity 400 unils, 
produclion 214 units in 1983, Norwegian technology 

Later production of switchboard· (11 kV) and insulators 

Cables 
1 planl dating from 1978 Copper conduclors, PVC insulaled 

Japanese technology - Production 1983: ~00 Lnns 

roles 
1 plant for wooden poles 

Capacity 20,000 unils/ycar 
Australian technolo~y 

t'" 
-..J 
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(b) Energy resources and policies 

Most of the countries have limited resources, except Angola {petroleum), 

Bolivia (gas) and Mozambique and Nepal (hydroelectric potential). 

Electrification is still at a low !evel of development. 

The main priority in the energy sector should be electrification linked 

to rural development, and development of an equipment industry supported by 

the local market. However, the information in the case studies on Bolivia and 

Tanzania {table 10) tends to sho• that these two countries are severely hit by 

the international crisis. Consumption of electricity rose by only 6 per cent 

between 1S72 and 1982, while the rate was 8-9 per cent between 1972 and 

1979/80. The Bolivian experts are counting on an 0.9 per cent increase in 

consumption in 1983, 3 per cent in 1984 and 5 per cent in 1985, while a 

7 per cent level will be reached only from 1986. These may be serious trends 

for all the groups that will have negative repercussions on the capital goads 

ind11stry. Moreover, the financing capacity of these countries is relatively 

limited and progranunes will remain dependent on bilateral and multilateral 

financing possibilities. 

(c) Strategies 

(i) Constraints. The country case studies refer to the follo~ing 

constraints·. 

Restricted markets, which are moreover affected by the 

crisis through which these countries are passing; 

The extra cost of equipment, which is due more to the 

apprenticeship factor than to the restricted market; 

Financing both for capital investment and for components and 

rl'\w materials·, 

The lack of a long-term strategy. 



table 10. Bolivia and Tanzania: Installed capacity and consumption of electricity 

Bolivia Tanzania 
Annual growth Annual growth 
rate ~!![ cent2 rate ~2•r cent2 

19i2 1912 1990 1972-1983 1983-1990 1972 1982 1990 1972-1983 1983-1990 

CODSQllPlion (Qlb) 791 1,503 5.9 400 720 ... 6 

of which (per cent) 

- Industrr 56* 10 53 3.1 

- Others 44 30 47 10.8 
~ 
\0 

I 

Installed capacitJ (..,) 272 539 786 6.4 5.5 121.8 388.3 ... 12.3 

• 25~ industry, 31~ aining. 

Source: UllIDO country case studies. 



(ii) Activities and products. Software activities~ 

Maintenance~ Even if these activities seem to have been 

mastered by the two case study countries Bolivia and 

Tanzania, it seems that many problems still remain, owing to 

the diversity of equipment, the lack of foreign exchange for 

the import of spares and the limited capacity of some 

engineering workshops. The work is done by local personnel 

trained through technical assistance by the equipment 

supplier. 

Consultancy services~ There is a noticeable difference 

between Bolivia and Tanzania. In Bolivia, ENDE (Empresa 

Nacional de Electricidad SA) has since 1960 had a 

consultancy service that carries out forecasts, feasibility 

studies and supervises purchases of equipment and assembly. 

In 20 years it has been possible to attain a national 

content level of 50 per cent. Tanzanian independence dates 

only from 1962 and the Government Company was set up in 

1964. Foreign consultants still play a considerable part. 

These two contrasting cases show that over a p~riod of ten 

years it is possible to make progress in mastering these 

activities provided that there is strict planning. In 

practice, it is a question of passing rapidly from a 

situation in which the foreign consultant works with 

nationals (the case in Tanzania) to one in which the 

activity of the prime contractor is in the hands of 

nationals assisted by foreign consultants (Bolivia). 

Project engineering activities (power stations, stations, 

lines)~ In the coming ten years, it does not seem to be 

possible to develop this activity in the countries in 

question. 
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Wiring, assembly, civil engineering and equipment~ For 

these countries one must definit P.ly envisage a de-1elopment 

period of ten years. For this purpose, it seerus to be 

possible to fix the following objectives~ Wiring dnd 

manufacture of low- and mediunrvoltage switchboards. The 

example of Cameroon, which has a company (Entrelec) with a 

staff of 200 persons making switchboards is significant. 

This is an activity that creates many jobs and which can 

provide training for high-quality electrical manpower. 

Moreover, the cabinets are manufactured from folded sheet 

metal, so that very little capital investment is needed for 

the manufacture. Participation in civil engineering. In 

this field also, Bolivia and Tanzania present two 

contrasting situations. In Bolivia, national participation 

has reached 70-90 per cent in the field of studies, 

execution and supervision. 'nlere are loca~ companies in 

Tanzania, but their res~urces are still li~ited, so that 

foreign companies have to be used. Over a period of 10 

years, all the countries in the group should be able to 

master civil engineering activities. Assembly. A large 

part of the assembly work should be mastered locally over a 

period of 5-10 years. Equipment. The main problem is the 

size of the market. As an example, it seems tc be generally 

accepted that the minimum series for distribution 

transformers is 800-1,000/year and 4,000-5,000/year for 

electric motors, using relatively recent Western technology. 

Each market is therefore very close to the critical size. 

Systematic studies for these countries should be carried out 

for the following products~ 

Wooden and concrete poles as well as metal framework pylons; 

Distribution transformers, electric motors and miscellaneous 

medium voltage apparatus; 
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Bace or insulated wire and cables for low and medium 

voltage. This would foster familiarization with copper, 

aluminium and plastics technologies. 

(iii) Implementation. First of all, it seems LO be necessary to 

endeavour to remove the principal constraints~ 

Market constraints. Some measures can be suggested to 

develop markets; temporary customs protection measures, 

credits for the purchase of raw materials and components for 

motors, transformers and measures to protect public 

contracts. It also seems to be necessary to think in terms 

f d 
. 1 . 15/ o a apt1ng techno ogies.~ 

In the context of the implementation of a long-term 

strategy, it should be possible to develop planning and 

forecasting units within each national electricity company. 

Financing constraints are unfortunately difficult to remove, 

unless priority is given at international level to the 

electrification of the developing countries. 

The mastering of technology. At the domestic level, 

progress in the mastery of technology is achieved through a 

training policy and by measures tc increase the capacity for 

the assimilation of technology, such as participation in the 

studies made by foreign consultant engineers, full 

participation in the assembly and start-up of the 

installations on the part of the national senior staff and 

technicians. 

15/ The example may be quoted of a project for the manufacture of 
electric motors in Kenya using ·ast stators and flanges, which has the two 
advantages of reducing the pro tability threshold and making it easier to 
master the technology. In Europe, the stators of standard motors are made by 
pressure casting, which makes large production batches and a higher level of 
technological mastery necessary. 
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A foreign technological input is indispensable to supplement 

the domestic measures. ntis necessitates the selection and 

choice of partners and the regulation of technological 
16/ 

transfer.-

Links with the capital goods sector. This sector is still 

in an embryonic state in these countries, but nevertheless 

links can be identified on the basis of the following 

technical paths~ 

Fabricating~ manufacture cf pylons and tanks; 

Sheet metal and metalworking~ manufacture of fittings, 
. . 1 d - 17 / ~ection insu ators, an transtormer tanks;-

Foundry, forge~ electric motor components. 

ntus, it is at the level of the sec tor itself that 

inter-industry linkages can be created. Less importance should 

be attached to upstream linkages, with iron and steel, copper 

and aluminium metallurgy than according to the case studies. 

These countries are too small to engage in very capital 

intensive upstream activities that create few jobs. 

nte role of the Government. Government intervention should 

have the following objectives~ 

To promote the establishment of offices for planning studies 

and monitoring projects; 

To regulate the transfer of technology; 

To give preferential treatment to national products in 

public contracts; 

16/ In 1972, Bolivia introduced legislation on the import of 
technology. A Directorate for Standards and Technology was set up at the same 
time. 

17/ This multi-purpose workshop is proposed in the Bolivian case study. 
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To propose selective financing; 

To carry out an active promotional policy in the field of 

capital goods; 

To promote training and propose measures for national 

assimilation of imported technology. 

3.2.4 Group 4. Medium-sized market, medium capacity 

Cu~a, Ecuador, Ghana, Iraq, Ivory Coast, Kenya, Democ~atic Republic of 

Kor~a, Tunisia, Saudi Arabia, Sri Lanka, Syria, Zambia, Zimbabwe. 

(a) General characteristics 

Table 11 gives information on the market for certain products and 

existing production for some countries. It will be noticed with regard to 

this group of countries that elP.ctric power production lies mainly between 

3,000 and 5,000 GWh (except for Kenya and Tunisia, the countries have a per 

capita electricity production of over 300 kWh/year), so that the markets are 

still close to the critical size but should develop in thP. coming 10 years. 

Other characteristics will give a clearer picture of this group of 

countries~ 

They have a middle-range per capita income (Ivory Coast, $US 1,200; 

Syria, SUS 1,570, Tunisia, $us 1,430, etc.) 

Manufacturing industry has developed to a certain extent and is 

diversified (chemical industry, capital goods industry, etc.). Its share of 

GDP is in the order of 10-15 per cent, and higher in certain cases (Syria, 

26 percent~ Zimbabwe, 27 per cent). 

The rate of urbanization is high~ 40-60 per cent, with some 

exceptions~ Kenya (15 per cent), Zimbabwe (26 per cent). 

~le~trification has made progress~ 6 countries out of 13 have a per 

capita rate of electrification above 500 kWh/year. 



Popul~-

tbn 
Country (million) 

Zimb•bwe 1 

Tuni"i• 6. '; 

t<."n~o 11 

lYUt'J Cont 8 \ 'j 

!>yria 9 

l r11<J 13. 'j 

heuodor 9 

Table 11. Soa~ statistical data on seven countries belon&ing lo group 4 

Imports of 
Per capita electric 

Electricity production power 
production (kWh/year equipment 

(GWh) per c11pila) <SUS million) 

le,';00 61e0 17 

2,700 "15 9/i 

l,600 91e JO to 50 

l,800 no ~o to '>O 

"' 1100 
1190 100 

8,000 'j90 l,OBO 

3,200 360 60 

Mark.el data 
(unite) 

1,200 distribution 
transformers 

800 lo 1,000 distribu
tion lrancformers 

350 to ~00 distribution 
transformers 

300 to 500 distribution 
transformer& 

1,500 distribution 
lranstormers 

1,000 to 1,500 distri
bution lransfornu~ri; 

Production 

Wires and cables 
Transfonners and circuil-break~r& 
Electric not.ors 
Pylons 

Medium voltage cables 
Distribution transformers 1,000 to 
2,000/year - 5~ export. 

Project: Distribution transformer~ 
1,000 lo 2,000/year - 5~ export. 

Project.: Uistrihution t.ransfot"111ers 
1,000/year 

'J' 
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Finally, countries in this group have developing some capital goods 

industries. In the case of Tunisia this is illustrated by table 12. In the 

case of Kenya the number of jobs in the capital goods sector is estimated at 

16,000, distributed as follows: 

Metal products 

Mechanical machinery 

Electrical machinery (including radio 

and television) 

Shipbuilding and repair 

Automobile ~ssembly 

The principal production activities are as follows~ 

7,215 

528 

4,991 

1,087 

·2;469 

16,290 

Miscellaneous metal goods (nails, tacks, staples, also structural 

metalwork and boilermaking). 

Production of simple agricultural machines and tools. 

Assembly of radios, television sets and electrical household 

appliances. 

Assembly of automobiles with local production of some equipment: 

windscreen wipers, batteries, springs, tyres, radiators. 

Construction of some simple tea and coffee processing machinery. 

Therefore, no mechanical or electrical machinery is yet being produced. 

The situation is rather different in the case of Zimbabwe where a relatively 

well endowed electric power equipment industry exists. Producing goods as 

follows:~/ 

18/ Project documents submitted at the SAOC:C ~~nference of 
27 ancr-2s January 1983. 
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Table 12. Tunisia: the mechanical, electrical and electronic engineering 
industries and the electric power equipment industry 

Sttucture of production Per cent of total production 

1. eapital·goods 
Structural steelwork, boilermaking, 

bus and lorry bodies 
Internal combustion engines 
Transformers, electric motors 
Sh ipb 11i lding 

Sub-total 

2. I~termediate·pro?ucts· 

-.:ron and steel 
Metallurgy 
Foundry 
Miscellaneous metal products 
Batteries, cables 

3. ~urable·consumer·goods 

Automobiles 
Household appliances 
Radio and "N 

Sub-total 

Electrical household appliances 

Sub-total 

Total production 

4. 'Mle electric power equipment industry~ 
(main characteristics) 

Bistribution·transformers~ 16 kVA to 2,500 kVA/36 kV 
Production: 3,000/year, incl. 50 per cent for export 
Origin: 1967, national technology 
National content: 45 per cent 

7.7 
1. 9 
9.0 
2.5 

21.l 

23.0 
6.3 
3.0 

12.0 
·4·0 

43.8 

21.4 
4.0 
4.2 
5.5 

35;1 

100.0 

5,000/year, incl. 10 to 20 per cent for export Eleetrie·motors~ 

origin: 1967 
National content: 51 per cent 
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(1) Electric·wire-and·cables. 11te only Zimbabwean producer is Central 

African CablP~ t~d., of which the British BICC Group is a major shareholder. 

Central African Cables produces: 

Bare copper wire 

Plastic insulated electrical cables: 16 nun
2 

and 185 2 
mm , up to 

3.3 kV 

PVC insulated cables: for automobiles, telephones, remote control 

systems, flexible cables, cables for welding sets. 

Aluminium twisted cable, witt steel jacket or PVC insulation. 

Installed capacity is 3,900 tons/year for copper wire and cable and 

2,900 tons/year for aluminium cable. 

(2) Transfonners·and·circuit-breakers. The bulk of requirements for 

transformers (l,200/year) and lo~ voltage switch and switchgears (250) of 

Zimbabwean electricity companies are provided by South Wales Electric, Harare, 

a subsidiary of the British Hawker Siddeley Group. 

This enterprise manufactures: 

Distribution transformers up to 1,000 kVA 

Power transformers up to 50 W/A and 132 kV 

Contactors and other low voltage appliance3 up to 11 kV. 

It is capable of satisfying 95 per cent of Zimbabwean needs. As far as 

transformers are concerned, the local content of production is 80 per cent; 

for contactors, it is 65 per cent. A small part of the output is exported to 

Zambia an<l Malawi. 
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(3) Electric motors. Motors from 0.5 to 250 hp have been produced 

locally for 8 years, by RELMO Electric Motors. RELMO is a subsidiary of the 

Mashonaland Holdings Group, which also controls ME WIRES. ME ~~RES also 

supplies enamelled wires to RELMO, which also has its own foundry. 

RELMO works under licence from General Electric (UK). The local content 

of t~e motors produced has risen in recent years from 50 to 88 per cent. 

RELMO makes three-phase and single-phase motors of internatio.1al quality 

conforming to the recommendations of the Inter~ational Electrotechnical 

Commission. 

Installed capacity is for 20,000 motors/year. 

is 10,000 units and should rise to 16,000 in 1985. 

At the moment, production 

In parallel, the 

production capacity for enamelled wire by ME WIRES should increase from 

200 to 300 tons. 

(4) Transmission pylons. There are two manufacturers of transmission 

pylons in Bulawayo capable of supplying 5,000 tons/year. Their capacity could 

easily be increased. 

(b) Energy resources and policies 

For mosc of the countries in ~his group, access to energy resources is 

not a major obstacle; petroleum (Iraq, Saudi Arabia), hydroelectricity 

(Kenya), coal (Democratic Republic of Korea). 

The rate of electrification is already high and is linkEd particularly to 

the development of the manufacturing industry and to the rate of 

electrification of households. Furthermore, the countries are pursuing their 

electrification efforts, which have been going on for more than 20 years, thus 

regularly expanding the market for electric power equipment. 

Finally, unlike the countries in the preceding groups, access to domestic 

and international financing d0es not sePm to pose serious problems. There are 

thus no, or very few, cons~rrints in this field. 



- 60 -

(c) StratE:gi~s 

For t~ese countries, whose ma~kets are just over the critical threshold, 

the prospects in the ro~ing ten years are important and the countries should 

~agage resolutely i~ the development of the sector. 

(i) Constraints. lbe size of the markets necessitates judicious 

choice~ and identification of export or re-export/countertrade 

possibilities with industrial partners. 

External financing has a tendency to be coupled with a system 

of standards, consultant engineers and equipment. lbe 

development of engineering companies and technological 

unpackaging should make it possible to remove this constrdint. 

The use of foreign technologies is indispensable, making it 

necessary to strengthen the bargaining power. 

(ii) Activities·and·products. For this group of countries, the 

o~eration and the repair and maintenance of power stations and 

substations should not raise any special problems. It can be 

reported that, because of experience acquired in the 

maintenance and rewinding of tran~formers, Tunisia was 1ble to 

connnence the production of transformers in 1968, on the basis 

of national technology. 

Progressive mastering of the consulting engineering ~nd 

engineering fields seems to be a compelling need. For a 

certain number of countries, this has already be~n achieved as 
19i 

far as engineering consultancy is concerned.~ In others, 

study offices are being established in the national electricity 

19/ In this field, Colombia (which belongs co group 5), has 85 per cent 
mastery of engineering consultancy (study, design, monitoring or purchases, 
etc.) and 1,600 persons are employed in this activity. 
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companies. One can quote the experience of Kenya, which has 

used the services of the Canadian technical co-operation agency 

ACDI to create a planning and monitoring unit in EAPL (East 

African Power and Lighting Co.) and the experience of the Ivory 

Coast, which asked EDF International (France) for technical 

assistance. 

As far as the design and construction of power stations, lines 

and substations is concerned, it is conceivable that detail 

engineering should have a progressively increasing local 

content. 

It should be possible to achieve a 50 to 80 per cent national 

content in civil engineering and assembly, depending on the 

country in question. even if ad·hoe and selective foreign 

technical assistance is still necessarj. 

With regard to the production of equipment, the situation in 

three countries, Kenya, Tunisia a~d Zimbabwe, may serve as an 

example. 

In Kenya, wiring and the man~facture of low and medium voltage 

switchboards have been developed by the ir..porters themselves, 

who are generally major foreig·.1 enterprises: ASEA, Klockner, 
2 Brown Boveri. Cables up to 185 mm , PVC-covered aluminium 

and copper conductors are manufactured locally. There are no 

projects for high voltage cables. As far as distribution 

transformers are concerned, the history of the project is 
. . . 20/ 
inst~uctive in many respects.~ 

The market for distribution transformers is estimated at 

750 units per year. Tilis project is included in the Plan, but 

the initiative of Brown Boveri is the determining factor. The 

20/ Industrial co-operation with developin~ countries on L~e basis of 
rural-electrification, op; ·cit. 

- ., 
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Brown Boveri Group transformers are produced in Berlin and some 

years ago BBC decided not to expand its production capacity 

there but to relocate it. Kenya then seemed to be the most 

suitable site. In 1978, a feasibility ~tudy had been carried 

out for a production capacity of 1,000 - 2,000 transformers for 

the domestic market and export. 'nle financial arrangements 

envisaged were BBC an~ DEG (a financing agency of the Federal 

Republic of Germany) on the Federal Republic of Germany side, 

and, on the Kenya side, EAPL and development banks. The 

project is blocked at present for various reasons, but it is 

almost certain that, in two or three years, local production 

will have started. 

Similar remarks apply to the project for electric motors, pumps 

and diesel engines: an enterprise under Kenyan law, 49 per 

cent of whose capital is held by a major Indian company 

KIVLOSKAR LTD (machine tools, pumps, etc.), intends to produce 

electric motors, pumps and diesel engines. 

The market for electric motors is estimated at approximately 

4,000 units in powers below 25 hp. The national content should 

reach the 70 per cent level, according to the following pattern: 

Import of CKD kits: assembly, painting and inspection 

operations·, 

Winding with local copper wire, a sample of which has 

already been sent to India for testing; 

Machining of certain mechanical parts; 

Casting of stators and flanges in Kenyan production plants 

and machining (samples of castings are being tested in 

India). 

The marktt fo~ pumps is estimated at 10,000 units. The 

1ational content will be progressively increased acccrding to a 

pattern si~ilar to th&t for electr1c motors. 
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Diesel engines - mainly assembly. 

Tnnisia: Local production of distribution transfo~mers began 

in 1970 in a company with Government capital, at tht 

instigation of the Soci~t~ Tunisienne d'Electricit~ (STEG, a 

Government company). nte technology is national and at the 

moment 50 per cent of the output is exported to neighbouring 

countries, such as Libyan Arab Jamahiriya and Algeria. Local 

production of electric motors also began in 1970. In 

accordance with STEG's requirements, the Tunisian company was 

able to improve the quality of the products. 

Zimbabwe: Production i~ still more diversified as there is 

production of power transformers up to 50 MVA and of contactors 

and miscellaneous apparatus up to 11 kV. 

These three examples show that, for the group as a whole, 

production should in time cover the following fields; 

Medium voltage wires and cables; 

Medium voltage equipment~ transformers, apparatus, motors, 

switchboards, sub~tations; 

Poles and pylons~ 

High voltage equipment. The experience of Zin~abwe and the 

projects in Tunisia show that adva1.·es are possible in the 

field of transformerJ; 
21/ 

As far as power stations are concerned,~ some parts are 

considered to be of low or medium complexity in the three 

technical paths. nte objective to be attained by means of 

technological unpackaging is the manufacture of the parts 

and sub-assemblies that are of low and medium complexity. 

21/ For more <letails see table 4. 
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(iii) Implementation. National policy for the mastering of 

technology uses the following expedients~ 

Selective financing in order to encourage the development of 

a capital goods industry; 

A technological policy that includes the choice and control 

of imported technology, technological unpackaging, by 

avoiding turnkey contracts, for example, and the 

establishment of a testing laboratory; 

A high-level training progranne. 

On a national basis of technological mastery, it is then 

possible to import technologies whose assimilation will be 

favoured by internal effort. Foreign technologies can be 

acquired by the purchase of licences or by joint ventures. 

Linkages with the capital goods sector must be intensified 

because the components of power stations are produced by 

fabricating and machining and the prryduction of motors uses 

foundry and forge techniques. 

The Government has an important role to play by promoting new 

projects (e.g. STEG in Tunisia) and by studying them, seeking 

partners, etc., scheduling public purchasing progranunes, 

adopting temporary protection measures for local industry, and 

by promoting a technological policy (establishment of 

engineering companies, avoidance of turnkey arra~gements, 

establishment of laboratories for testing and experimentation 

with materials for electrical equipment). 

3.2.5 Group 5. Medium-sized market, low capacity 

Bangladesh, Burma, Ethiopia, Zaire. In the typological analysis, these 

countries were singled out because of their large population. However, in 

section 3.1 it was pointed out that, from the point of view of a strategy, 

this group could be included in that of countries with medium-sized population 

and small markets that had small capital goods industries or none. 
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The main element that can influence strategy is the size of the potential 

221 . . f h d d . f . h market,~ in view o t e nee s an size o these countries. However, t e 

size of the markets must be considered relative because the development of 

electrification is almost totally dependent on external financing. 

3.2.6 Group 6. Large market, high capacity 

Algeria, Colombia, Egypt, Indonesia, Iran, Morocco, Nigeria, Pakistan, 

Philippines, 'l1lailand, Turkey, Chile, Malaysia, Peru, Venezuela. 

(a) General characteristics 

The 15 countries belonging to this group while having the characteristics 

of a large population, a large potential market (annual electric power 

consumption is between 10,000 and 20,000 GWh, or 3 to 4 times greater than in 

the previous group) and a fairly considerable production capacity for capital 

goods in common, a more refined analysis shows that there is also great 

diversity. As far as size is concerned, there are 3 large countries 

(Indonesia, Nigeria, Pakistan) and 11 countries whose popt1lation lies between 

20 and 50 million inhabitants. 

The per capita income ranges from $US 400 for Pakistan to $US 4 ,200 for 

Venezuel~ and the electrification rate varies greatly. Six countries having a 

rate above 500 kWh/year per ca~ita, 7 having a rate of 100-500 kWh/year and 

two with a rate below 100 kWh/year. 

On the other hand, there are certain common characteristics with regard 

to the place of manufacturing industry and development. Industry accounts for 

15 to 20 per cent of the GDP. Some countries already have a long industrial 

history~ in others, development is more recent. 

22/ It was doubtless with market prospects in mind that the manufact~re 
of transformers was undertaken in Bangladesh with technical assistance from 
the Soviet Union. However, national industry supplies only 5 per cent of 
national needs. There is also production of wires and cables up to 11 kV. 
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There is a substantial market for electric power equipment which resulted 

in the development of a local industry, but the market is also largely 

supplied by import (in the order of $us 300 million, with two extreme cases, 

namely, Morocco, ~ith $US 15 million imports and Nigeria with $uS 570 million 

imports). 

Finally, these countries have already developed the nucleus of an 

electric power equipment industry (see tables l~, 14, 15 and 16 on Indonesia, 

Egypt, Colombia and Pakistan respectively). On the bas;G Jf th~se tables, the 

following general remarks can be made~ 

The production of low and medium vol.~ge equipment is widespread in all 

countries, even though production is of recent origin in some of them 

(Algeria, Egypt, Indonesia, Morocco, Nigeria). 

The production of ~igh voltage apparatus is fo~nd only in a few 

countries; for two years Indonesia has been producing high voltage 

transformers, Egypt will do so by 1985, while Chile and Peru are also 

producing 160 kV transformers. 231 

However, in the power station field (boilers, turbines, alternators, 

control equipment), substations, equipment for transmission (disconnecting 

switches, circuit breakers, transformers) there is not yet any national 

production. 

In conclusion it appears that~ 

The medium voltage di~tribution sector has been practically mastered; 

Nothing has been achieved in the field of equipment for production and 

tcansmi~sion (very high voltage, high voltage). 

23/ Nota sobre la capacidad de producci6n de bienes de capital en 
algunos pa{ses latino-americanos (Note on the production capacity for capital 
goods in some Latin American countries) - Siderurgica latino americana, 
No. 277, May 1983. 



table 13. Indonesia: Data on the electric power equipment industry 

3,200 persons began in 1969 Production 
1969-1974 
1974-1979 
1979-1984 

Production on the basis of mainlenance workshops 
Fi'rst major development 

Met.ers ..................... : 
Conductors and cables ...... : 
Transformers - distribution: 

high voltage: 

Apparatus, substations, 
~~itchboards (low voltange, 

Consolidation phase 

4 enterprises capacity 1,000,000 units 
14 enterprises capacity 20,000 tons 

9 enterprises (production bega11 in 1977) capacity 20,000 units 
(Merlin Gerin li=ence~ production beg•n in 1981 

redium voltage) ............ : Several enterprises 

Production 1981: 4,000 unit~ 
Production 1983: 20 unit.s 

Electric mot.ors ............ : 9 enterprises (production be&an in 1977) capacity 15,000 to 20,000 units 

~i~sel eneines ............. : 5 enterprises capacity 88,000 units 

Pumps ...................... : 1 enterprises capacity 28,000 units 

Hoil~rmakin~ ............... : 13,000 t.ons 

--~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~ 

(l', 
-l 



Table lit. t.:t;ypl: Uata on the electrical equipment indut:lry 

Nam;:- of 

coMpanJ Ownership Rtnploymenl 

~l..NACO 99~ public 820 

~gfplian Elec- Public 
trical Cables 
CompanJ 

~'Gll.ltAC '-9~ El. NASR 

1'11. SlE!tENS 

3,000 

Production 

l>ictl'ibulion transformers 
1972 : 300 units 
1983 : 1,100 units 

Medium voltage 
cables < 11 lcV): U,000 t 

Low voltage cables: 12,000 t 
Telephone cables, 
insulated wire 

Medium voltage posts and 
substations 

Medium and low voltage 
switchboards 

2M l>EG C.'RG) lnsulators 

AkABB 7M Arab Con
tractors 

3M Brown Boveri 

Medium and low vollase 
switchboards and equipment 

technology 

£o'RG 
<Trajo Union) 

l'ari s ian cables 
Cactory 

SIEMENS 

Brown Boveri 

History 

~stablished 1957 - nationalized 1961 
Licence with Trajo Union 

1954 (private), 1961: nationalization 
1955 - insulated cable and wire 
1960 - underground cables for low 

and medium voltage 
1981 - expansion of the (actory 

1978 - Joint venture with Siemens 

1979 

- Aluminium and copper conductors are produced in a public sector cnterpri~c (Licence FRG, Hungary, Switzerland) 

- ~ole~ and pJlon~ (very high voltage) are produced in two public sector slruclural metalwork enterprises. 

0\ 
c.o 



Teble l'L Colombia: Daata on the electric l)OWP.r ..-quilwaurnl indui;lry 

Boilers. pylons, boileraaking (lSlC 38 13): Emplo.Jlllent: 6,400 persons 164 establishmenls VA 
p 

• 507. 

There are seven enterprise~ producin& electric power equipment including one with a staff of 2,400 

The firsl ones date from 1949 

K~tors and turbines (ISIC 38 21): ~'lllplaymenl: 129 persons 

65 per cent of intermediate products are imported 

4 eslablishmenls VA = 3b" 
I-' 

One enterprise produces small turbines (120 kW) - established in 1964. 

Kotors, generators, eguipeent, transformers, etc. (ISIC 38 31): 

SM. of intermediate inputs are imported 

The first enterprises date from 1960 

Employment: 4,500 persons 
63 establishments 

About 10 large enterprises, includin& SlEMENS, General Electric. 

Electr:ic motors 
Transformers (1974) 
Posts. sub~tations. etc.: 
<medium and low voltage) 

One large enterprise and Lwo small ones 
One lar&c enterprise, medium and high voltage. 
11 enterprises 

VA 
p 

: soi. 

O'\ 
'O 
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Table 16. Pakistan~ Data on the electric power equipment industry 

Capacity utili-
Enterprises Installed zation rate Demand in 

Products (number) capacity (per cent) 1982 

Transformers 
up to 33 kV 8 25,000 MVA 40 13 ,000 

Transformers 
over 33 kV 1 70 

Apparatus and 
s·1i tr.hboards 5 30 to 50 

Generators up to 
650 kVA 1 100 ,000 kVA 20 

Electric motors 20 700 ,000 hp 30 to 40 

Low and high voltage 
cables 7 20,000 tons 20 

Copper and aluminium 
conductors 8 30,000 tons 50 

Meters 6 758,000 units 30 

Insulators and 
porcelain 1 3,000 tons 60 

Fuses 11 kV 7 3GO,OOO units 20 
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(b) Energy·r~sources·and-policies 

The country case studies give important information on this point 

(table 17). 

In the case of Egypt, installed capacity rose from 3,948 MW in 1972 to 

6,182 MW in 1983 (annual growth rate of4.l per cent). Projections for 1990 

show an annual growth rate of 8.4 per cent. Hydroelectricity represented 

60 per cent of installed capacity in 1972 and 40 per cent in 1983; it will 

represent 20 per cent in 1990 and 19 per cent in the year 2000, when nuclear 

energy will account for 35 per cent and conventional thermal energy fo~ 

46 per cent. As far as production is concerned, it appears that in 1952 

production was 930 GWh, that is to say, of the same size as actual production 

by Tanzania in 1983, or by Bolivia in 1975. 

11te data for Colombia are similar to those for Egypt, namely, consumption 

of about 20,000 GWh in 1983 and 35,000 in 1990 (8.5 per cent growth rate), 

with industry representing only 32 per cent of consumption in 1983 as against 

44 pe~ cent in 1972. Installed capacity in 1983 is 5,440 MW, 64 per cent 

being of hydroelectric origin; the position of hydroelectricity will be 

strengthened by 1995 (80 per cent hydroelectricity). 

Consumption in Pakistan is lower than that of the above two countries 

(l'•, 150 GWh in 1983); 47 per .:ent for industrr as against 63 per cent in 

1972. Installed capacity !s 5,024 MW, SO per cent of hydroelectric origin, 

47 per r.ent of thermal origin and 3 per cent of nuclear origin; in the year 

2000 the nuclear production sector should represent 12 per cent of installed 

capacity and hydroelectricity 50 per cent. 

Finally, in the case of Indonesia consumption in 1983 was identical with 

that of Pakistan (14,256 GWh). 

11tese figures show that for this group of countries~ 



Table 17. lnGtallcd capacity and electric power consumption 

~~Ylll ------- Colombia - ______ -1.'_!,).istan ------Annual 1;t·owt. h Annual growth Annual trowth 
ral~ __ {.p~r cen.tL rat•~ (per c~nt) rate ( P•~r cr.n..!:_L 

197l 1983 1990 1912-83 1983-90 1972 ,1983 1990 1972-·83 1983-90 1972 1983 1990 1972-83 1983-90 

Consumption 

<GWh) 6. 169 20,13"; 17. 900 11.6 9.0 8,878 19,';20 3•.550 1. 4 8.5 5,408 111'14 7 9.1 

Including: 

(per cent> -l 
r , 

- lndu~try (>:} t>O ll. l "" 32 11.0 63 47 6.3 

- Oth~rl: J7 "o 11.9 'jb 68 9.3 37 'j:J 12.6 

Installed 

1.'t'l'(ll\.' H .J tM~O :1. ~"~ t-, HU l0,8'!lJ 
"' l 

I). 1' 2,1'91 ';,1'110 9,6116 7. 3 6.7 1,837 'j ,014 11,090 9 .. . ) 11.9 
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Consumption is between 10,000 and 20,000 GWh, or 3-4 times less than 

in the Republic of Korea, 5-6 times Jess than in Mexico and 8-10 times less 

than in Brazil and India. 

The energy resourcPs are of diverse nature. In Egypt, first of all 

hydroelectricity and lher. conventional thermal energy in about the years 1980 

- 1990, followed by nuclear energy in the year 2000 (35 per cent). I~ 

Colombia, hydroelectricity remains the most important resource. The same 

applie3 to Pakistan, where, however, nuclear energy could represent 12 pe~ 

cent of installed capacity. 

It should be added that in these four countries Government companies 

for the production, transmission and distribution of electric energy were set 

up in the ypars 1955-1960; 

Egypt ~ 1954 

1%.'.+ 
Colombia l 946-U62 

1%7 

1976 

Indonesia 1961 

l'akistan 1958 

19 51 

Establishment of the Egyptian Electricity 
Commj_ss ion 
Establishment of the Ministry of Electric Power 
Establishment in Colombia of production 3nd 
di3tribution enterprises 
Fstablishment of ISA (Interconexion Elcctric3 
S .A.) 
Establishment of the Fondo de Desarollo 
El~ctrico (Electricity Development Fund) 
Establi3hment of the Government Electricity 
Company 
Estaclishment of WAPDA (Water, Power Development 
Autl-ior ity) 
Nationalizati0n of KESC (Karachi Electricity 
Corporation Limited) 

Finally, as far as cural electrifica·ion i~ concern·d various inscruments 

have been created, but much more recently~ 

Egypt24/ ~ 1971 Rural ~lectr i fica t io,., Authority 

Pakistan'.!5/ 1977 CommencemPnt of a large-scale rural 
e lectri fj cat ion progr;,rnme • 

. . . . . . . 

24 I 80 per cent of the rural population have acce.c;s to electricity. 

?.5/ 2~ pnr cent i) f the rura I pop11lat i __ ,n h a\I e acce!':s ::o electricity. 
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In conclusion, all these countries have large-scale and diversified 

energy resources except Morocco, Turk~y and the Philippines. Energy strategy 

should be ba~ed on a continuation of the electrification progranme, 

particularly, rural electrification. 

On the other hand, the inciustrial development that these countries intend 

to pursce as a very important component ot their development strategy should 

bring i.ncreased consumption of electricity. Finally, the search fot· greater 

energy efficiency will result in increasing the role of electricity. 

All these factors should 'ring about a substantial demand for electric 

power equipment. 

(c) Strat~gies 

(i) Constraints. They are essentially of three kinds. 

Financial constraints. The electric power equipment sector 

will be developed in the future by means of advanced 

technologies leading to high investment costs (enterprises, 

laboratories, testing ~~~tres, training of highly skilled 

manpower). 

Technological constr3ints. In the coming ten years, these 

countries must go through an important stage. It is ~ecessary 

to commence the production of power station equipment, high and 

very high voltage equipment. It is therefore necessdry to 

locally organize the process of technological mastery, which 

will require a national effort and a policy for access to 

foreign technologies, which, at this level of complexity of 

equipment, is the prerogative of a few large transnational 

companies. 

Institutional constraints related to policymaking. When they 

ceach this stage, th~ countries will not be able to make 

prog~ess by relying only on Market forces. It is significant 
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that Colombia decided to give particular attention to the 

capital goods industry in the 1983-1987 Plan. All the case 

studies stress many of the causes for the lack of development 

of Lhe sector; the absence of a clear <leci~ iuu au<l of a 

national policy for the d~velopment of the capital goods sector. 

(ii) Activities·and·produets. Study and engineering activities will 

have increasing importance in the overall process for mastery 

of th~ sector. The experience of Mexico and, above all, the 

Republic of Korea, as shown in the case studies, bear witness 

to the permanent concern of the decision-makers to make rapid 

progresc along these lines. In Colombia, although there has 

been no firm decision in this field until recently, up to 85 

per cent of consultancy services (forecasting, preliminary 

studies, control of foreig~ engineering companies) are provided 

by Colombian companies. 

In Egypt, a new national engineering company was set up in the 

Ministry of Electric Power to develop th£ activities of 

planning, feasibility studies and project ma:iagement. The 

establishment of this company is the culmination of a process 

that began in 1954 with the establishment of a technical office 

responsible for the same functions, which, throughout ~ts 

history, has been assisted successively by EDF of France, the 

USSR (the Aswan D2m and study of long-te~m electri~ication 

prospects). 

The development of engineering activities requires a different 

approach. It necessitates in the first case rejection of the 

turnkey or product-in-hand contract and adoption of the 

technological unpackaging approach. A decree of 1976 regulates 

these procedure~ in Colombia. In this field, the 

implementation patterns are very diverse. 
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With regard to equipment, the case studies have shown that the 

medium voltage equipment and apparatus are on the whole 

manufactured locally. The objective to be attained is thus to 

CG"iiiiience the manufactuLe of pewee station cumponenls and medium 

and high voltage equipment (substations, lines, etc.) 

The experience of the Republic of Korea and Mexico shows that 

difficulties in manufacturing power station components are not 

insurmountable and that the national content may rapidly reach 

20-30 per cent. On the other hand, the manufacture of parts of 

turbines and alterna~ors calls for a very specific approach and 

thorough study. This manuf~cturing activity calls in 

particular for the establish~ent of heavy plant (machining, 

forging, foundry). As far as apparatus is concerned, the 

prevailing impression i,, that the approach will be through high 

and very high voltage transformers, high-power electric motors, 

generators and finally selection insulators and circuit

breakers. 

However, at the same time that new products are launched, it is 

necessary to make a special effort, both to improve the quality 

of products, and to increase the national content of the 

products already being manufactured. 

(iii) Implementation 

Technology. In the field of the national ma~tering of 

technology, one can enumerate some measures that have been 

taken by the different countries~ 

Preparation of a plan for the development of the capital 

goods sector~ 

Legislation concerning contracting procedures in order to 

progress from the turnkey stage to technological unpackaging~ 

Legislation concerning the establishment of national 

engineering companies~ 
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Legislation for the protection of nation~l industry; 

The establish:nent of research, stud~· and control centres. 

In this respect, Egypt has the National Research Centre, the 

Centre of Industrial Design, and the High Voltage Research 

Centre responsible to the Ministry of Industry and Power. 

Legislation concerning access to foreign technology; 

Preparation of a programme for training i~ the courytry 

itself and abroad. 

Access to foreign technology 1s a compulsory ~tep in connection 

with this type of equipment, which these countries will have to 

produce. The case studies seem to stress two procedures, while 

rejecting a third. The first two are r~lated to the purchase 

of licences and the de.elopment of joint ventures and the third 

1s related to the establishment in the country of subsidiaries 

of transnational enterprises in which the latter have a 

majority holding. This latter formula is rejected because the 

~ransfer of technology has not been ensured and was carried out 

b.1dly. The example of Egypt is significant; until 1974, access 

to foreign technology was provided by the purchase of licences. 

Since 1974, the n1t ional authorities have promoted the 

establishment of joint ventures, which seem to guarantee bettPr 

transfer of technology and which may be the basis for 

negotiations regarding the re-export of part of the output. 

tinkages·with th~ capital·goods·sector. In all the countri<>s 

studied linkages are made with the upstream sectar ~1en there 

is an iron and st1~el inrlustry, aluminium or 1•lectrolytic copper 

prociuction and linkages are developed with the local industrial 

fabrication (foundry, forge, machining). 

However, the trend ~s towards the organizati•m of 

subcontracting relationships between the large enterprises and 

the small- and merlium-scale enterprises in order to hPnefit t~ 

the maximum extent from ~'conomies derived from organization an<l 

specialization. 
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In Pakistan this question ;.~s been raised si.nce 1965 when a 

proposal for a heavy electrical complex was launched. A first 

report dating from this peri0d recommended the production of 

power transformers up to 132 kV, section insulators 11p to 

132 kV, insulators, moto1·s of 1,000 hp, traction motors and 

alternators up to 600 hp. A new study was made i~ 1974, 

without result, and a further one in 1976. Ia 1983, a 

Conunittee for the Heavy Electrical Complex was set up and a 

large number of firms were contacted in fourteen countries. 

The role of the Government. The Government has a paramount 

role to play in this phase of development. Experience shows 

that this does not mean that all the enterprises must have 

Government capital, but it does mean that the authorities are 

there to originate ideas, promote, stimulate and recommend. It 

is necessary at one and the same time~ 

To promote national engineering capability~ 

To promote a capital goods industry-, 

To work out a policy for access to tech no logy-, 

To work out a policy for public purchases~ 

To encourage the private sector to invest i.n the electric 

power equipment sector. 

3.2.7 Group 7. Semi-industrialized countries 

Argentina, Brazil, China, India, Republic of Korea, Mexico and Singapore. 

(a) General characteristics 

These countries have reached such a stage of development that each 

country implP.ments its own strategy. It therefore seemed to be preferable to 

elicit from the three c~untry case studies (India, Mexico and Republic of 

Korea) the common points between thes~ countries and the points in whic.h they 

differ. 
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Produc~ion, consumption and sources of electricity (table 18).261 

Mexico and the Republic of Korea have similar electricity production figures 

(900 and 1,000 KWh/year per capita), whereas India is still at a very low 

electrification level (170 kWh/year per capita) because of its huge population 

(690 million). India has the largest installed capacity (36,000 MW), follow~d 

by Mexic;!!..J (20,000 MW) and the Republic of Korea (13,000 MW). 

From the point of view of consum~tion, the highest growth rate was noted 

in the Republic of Korea (13.6 per cent per annum between 1972 and 1983) and 

for 1990, the growth rate forecast is 12.7 per cent. Mexico has had a growth 

rate of 7.9 per cent and India 5.6 per cent. In these three countries, 

industry and construction account for between 60 and 80 per cent of 

consumption. 

In the Republic of Korea, the source of electricity (table 19) will 

change most between 1972 and 1990, thermal sources falling from 91 per cent in 

1972 to 47 per cent in 1990, whereas nuclear energy will represent 39 per cent 
28/ 

in 1990 and hydroelectricity 14 per cent.~ In Mexico, the share of 

hydroelectricity will drop sharply from 41 per cent to 28 per cent (1990), 

yielding its place to gas, geothermal and nuclear energy. In India, there was 

stability between 1971 and 1983. 

The case studies on the Republic of Korea and India provide information 

on rural electrification. In the Republic of Korea, electrification reaches 

99.4 per cent of the population. In India, during the Seventh Plan 

(1986-1990) it is expected to provide electricity for the operation of 2.25 

million pum?s. 

26/ The Government production and distribution enterprise were set up at 
much the same time (India, 1956~ Mexico, 1?60~ Republic of Korea, 1961). 

27/ Installed capacity in Mexico was 500 MW in 1939, which is the 
present installed capacity of countries like Bolivia, Tanzania and Kenya. 

28/ The more important place of hydroelectricity is due in particular to 
the development of a small hydro progranune. 2,400 sites with a total capacity 
of 583 MW have been identified, 1,500 sites with a capacity of up to 100 kW, 
760 sites of 100-1,000 kW ~nd 107 of 1,000-3,000 kW. 



-

Table 18. lnstu l led capaci ly and clcctt"ic power consumpl i m. 

l1!:ii!;O - Re~uhlic of Korea India 
Annu1tl &t·owth Annual & L"c>Wt h Annuo.l r,r1>wlh 
ret~r cent) ratn (per. £.!l!i_tJ_ rotr. (per cenl) 

i~n 198) 1990 l9n-a3 198:3- 90 · 197? 1983 1990 1912-83 1983·-90 1972 1983 1990 1972-83 198:3- 90 

Annual 

consumption 

l•lWh) ~s.~n b'> ,f)'j] 7.9 '),9'j2 110. 700 13.6 12.7 '>l,760 89,810 5.6 

lncluding: 

<per c~nlJ er-

lndu~t o:-y 12 12 89 8] 70 62 
0 

Others 28 28 11 17 30!'-1 38~1 

! nslalled 

cepeci t J ON> a.in 20,212 8 8. 'j , . 6 3 ,872 13,lU 11. 7 7. 8 16,889 35,389 7 . fJ 

--·-··--· 

tt.I lncludin& 9 per cent agriculture and 21 per cenl consumption by households. 

nt Includinr. 16 per cent agriculture and 22 per cent consumption by households. 



Table 19. The sources ot electric power (per cent) 

- -------- ------------------------~-Republic of Kore~ Mexico India 
1972 1983 1990 1972 1983 1990 2000 1972 1983 

------

Hydro 9 10 14 Hydrl) 41 33 28 30 Hydro 39 311 

Tht•rmal 91 76 47 Tlwruut l 'j9 66 58 59 Th~ t'11\1s l '.lo b3 

(P 

Nw~ le.·ur 14 39 c; col lw rmu l l 2.5 2. 'j Nuc lt'at• ., 3 .... 

Gas 7 6 

Nuclear 4.5 2.~ 

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



- 82 -

(b) Studi~s and engineering activities 

In the Republic of Korea, from 1960 to 1970 ail the power stations and 

substations were purcha~ed on a turnkey basis. In 1970, an instruction from 

the President of the Republic ordered the establishment of engineering 

companies. At the end of the 1970s, the country had 16 companies. In 1975, 

the Korea Electric Power Corporation (KEPCO) changed the nature of the 

contracts, abandoning the turnkey ~pproach, which was considered to be 

incompatible with t~e national development of a capital goods industry. 

At the moment, there are seven engineering companies. In the field of 

thermal power stations, the change came in 1976. Since that date, KEPCO has 

had a contract with a Korean engineering company, which subcontracts or enters 

into joint ventures with a foreign company. With regard to companies this is 

at a lower level than in the case of thermal power stations. In nuclear power 

stations, the Republic of Korea aims at very rapid progress in mastering 

engineering, as is indicated by the country case study. The rate of 

participation by KOPEC (Korea Power Engineering Company) will rise from 5 to 

over 70 per cent between the first and the eleventh power stations. Already, 

as from the fifth power stations, the tur~key approach has been abandoned. 

As far as Mexico is concerned, CFE (Comisi6n Federal de Electrir.idad) has 

a directorate for studies and the construction of installations. CFE also 

relies on the national electricity research institute for the design and 

choice of equipment. In some cases, CFE uses the services of national 

engineering companies to carry out detailed studies. CFE has carried out 

standardization studies in order to obtain a single power station model for 

300 MW power stations. 

In India, at the beginning of the 1950s, feasibility studies were carried 

out by foreign consultants. However, since the beginning of the 1960s, 

Government companies a5 well as the Central Electricity Authcrity, have 

developed their own study offices. Engineering activities have above all been 

developed by the Indian enterprise BHEL (Bharat Heavy Electricals Limited). 
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There is thus a great similarity betw~en these three countries as far as 

the importance attached to the mastery of the engineering and studies activity 

is concerned, which also entails the abandonment of turnkey contracts. 

(c) 'nle production·of·electric·power·equipment 

India and Mexico have the oldest industries. In Mexico, production began 

in the 1940s. In 1944, the first large en~erprise was set up, Industria 

Electrica de Mexico, with a licence from Wtstinghouse Electric for the 

production of distribution transformers, electric motors and distributi;>n 

switchboards. Forty-five years later, this enterprise is producing 

transformers of 400 kV and 150 MIA, SF
6 

circuit-breakers and electric motors 

of 5,000 hp. Important developments ensued after 1960; from about 1975 Mexico 

began to produce very sophisticated equipment; explosion-proof motors up to 

1,000 hp, very high voltage transformers, SF
6 

circuit-breakers, 300 MW 

boilers, water turbines (from 1983). Investments are in hand (Japa11ese 

licence) for the production of alternators and steam turbines up to 350 MW. 

In India, the first production dates from the 1950s and was mainly based 

on British companies and later on enterprises from other European countries. 

In about 1950 the Government decided to set up public comp~nies to manufacture 

equipment for the production, transmission an~I distribution of electric 

power. A first unit was established in 1960 and the other three between 1965 

and 1967. The development of the products is shown in table 20. All the 

equipment is manufactured in India. The 500 MW boilers will be produced in 

about 1985 to 1986. The 200-1,000 MW alternators and turbines are produced 

under licence from KWU (Federal Republic of Germany). 29 / 

In the Republic of Korea, the industry is of more recent origin. The 

first low and medium voltage equipment d&tes from 1965-1970, but it seems that 

progress has been much more rapid and is very closely linked to the history of 

29/ Historically, the following are the deirees of national content for 
prod•1ction equipment (boilers, turbines, alternators); ur to 1970, imports; 
from 1970-1975, national content 10-15 per cent; 1975-1980, national content 
25-60 per cent; from 1980, naticnal content ahove 60 per cent. 
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Table 20. India; The electrical equipment iadustry 

Growth of product-mix 

Energy sector 1964-1969 1969-1974 1974-1979 

Therma 1/ Nuclear System + 

Therma 1 sets 30 MW + + 

(TG & Boiler) 60 MW + + 
100 MW + + 
110 MW + + 
120 MW + 
210 MW + 
500 MW 

Nuclear sets 236 MW + 

Valves + + 

Soot blowers + 

Fans + 

EPS 
Pumps + + 

Motors + + 

Heat t:?xchangers + 

Pipes and fittings 
Hyde~ system 
Hydro sets + + 

Pump turbines 
Micro hydel sets 
Bulb turbines 
Transmission/Dist. system 
Transformer + 

Switchgear + + 

Capacitor + 

Im.ulator 
Control equipment 
Devices 
Controlgear 
Energy me::ers 
Solar energy equipment + 

+ IndicatP.s the existence of the particular product Ln the company 
product-mix. 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Table 20. India: The electrical equipment industry (cont'd) 

Industry sector 1964-1969 1969-1974 "i.974-1979 

Thermo-mechanical system 
Industrial TG 
Turbo-compressor 
Centrifugal compressor 
Drive turbines 
HSDT 
Industrial boilers 
Valves 
Pumps 
Motors 
Control equipment 
Controlgear 
Electric drive and control system 
AC machines 
OC machines 
Oil rigs 

Transportation·sector 

Traction equipment 
Control equipment 
Cont ro lge ar 

0thers 

Gray iron castings 
Seamless steel tubes 
Steel castings 
Free for r,ings 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ Indicates the existence of the particular product in the company 
product-mix. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
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the Government enterprise KHIC (Korea Heavy Industry Company), scr U? tn 

1962. The production of turt>ines and alternators began ir> 1930 and che 

objective is to rapidly reach a level of 55 per cent natio~al c~1tent. 

Towards the end of the 1970s, power trans formers (345 kV) aild SF
6 

circuit-breakers (170 kW) were produced. 

(rl~ Some macro-econom1c data 

In India the production of electric power equipment was $uS 850 million 

tn 1978, imports were $us 140 million and exports $us 50 million. The 

organized sector includes 150-200 enterprises, including 30 in transformers, 

3G ia cables and 30 in electric motors. 

In ~exico, production of electric power equipment tn 1978 was in the 

order of $US l,900 million (7 per cent of GDP) or twice that of India. In 

1983, the sector included 1,800 enterprises and was employing 165,000 

persons. Employment increased 7.8 ~er cent ~er annum between 1971 and 1982. 

Small- and medium-scale enterprises represent 40 pee ~e,t of production. 

The over2ll data of the Republic of Korea are related to the entire 

sector of the mechanical, electrical a~d elP.ctronics engineering industries, 

representing a value of produc~ivn of ~JS 14.5 billion and 544,000 jobs. 

Em~loy~ent increased 4 per cent per annum between 1977 and 1981. More 

. . f. · h d 1 f · d 30 I s1gn1 tcant is t e eve opment o imports an exports~ ~ 

Imports 
Annual growth 

million $US rate (per cent) 
1978 1982 

Exports 
Annual growth 

Imports/ Exports 
ratio 

mi 11 ion $US rate (per cent) 
1978 1982 1978 

59 7 750 5.8 149 370 25 4 

30/ For all of the products covered by the study, i.e, divisions 711, 
714, 716, 718, 771, 772 and 773 of SITC Rev.2. 

1982 

2 
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The annual growth rate of imports was 5.8 per cent, that of exports was 

25 per cent and the import/export coefficient fell from 4 to 2 over the 

period. The opposite phenomenon may be observed in Mexico, where the 

import/export ratio rose from 3.7 1n 1977 to J in 1982; imports are about 

$US !,250 million and exports $US 150 million. 

(e) The·organization of·production: ·The·technology·situation 

In India, one can see the particular importance of the Government 

entPrprise BHEL, which has six plants and employs 70,000 persons, Tile outp;1t 

of RHEL covtrs the entire range of products, particularly, in the large 

equipment sector (boilers, turbines, alternators). Some important enterprises 

are listed in table 21. 

In the Republic of Korea, a Government enterprise (KHIC), which employs 

11,000 persons, is also engaged in the production of heavy equipment. The 

case study on this country gives information on the six most significant 

enterprises. They employ a total of 6,000 persons and have private Korean 

capital. Finally, table 22 indicates the range of products manufactured in 

the field of transmission and distribution, the national content and the 

origin of the technology. 

These three countries make considerable use of foreign technology, mainly 

through licences with foreign companies that dominate the sector at world 

level. To some extent, this is a necessary transitional stage. Some 

transnational enterprises are established in Mexico and India, but it will be 

noted from the case study on Mexico that it is the subsidiaries of 

transnational enterprises that make the least contribution to the assimilation 

of technology. 

Another factor must be discussed regarding the organization of 

production. It refers to the importance of workshops for foundry, forge and 

heavy mechanical engineering, for the purpose of making progress in mastering 

the sector, particularly ~s regards its heavy nucleus. 
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l'roducts 

Equil>mcnl for 
power production 

koiler~. turhint>s 
and • l t•'rnat.ors 

Water turbines 

"icro ...-r 

Tr.au t "rlM'ri: 

M\gh W'lltegt:-
c i rcu H- brc-akers 

l'O""r \'aped tori: 

lnsulatorc 

.:lc-clric aot.l'>ri; 

l'ylons 

Con•n>l f'•Jui~nt 

Tablt- 21. India: ~:lcctric power t>quipmunt i11dust1·y 

History 

Up Lo the end of t.he Slh Plan (1961-66) 
all equipment was im~orled 

During l~e 1969-74 Plan, lhe local 
content rose lo 25~ 

During lhe 197•-79 Plan, the local 
content rose lo 83~ 

Uurin~ the 1980-85 Plan, the local 
content will be 95-100~ 

MMEL had identified a need for )19 
installations lroa O.', lo 2 kW 

M1llnn1l cop1clt1 up lo 400 kV 

S~b circuit brcakerio preferred fl'>r 
high woltages 

The necescary narls for 220 and 400 kV 
lransCon1ers are not produced 

--------------------------------------
Production 

Up lo 31.1.83, HNEL produced 136 
"l0-710 MW boilers - 500 MW boilers 
are planned {or 198)-1986 

l!oi li:r~ 
fro• 2 MW to 16) MW 

Total capacity 1~.)00 MVA 

Cupacily lor 21,00C u 

Capacity for 1, 9 1 106 •ctric hp 
~roduclion is of ~ 1 106metric hp 

90,000 l capacity 

Thyristors 

~:ntcrpr I ccs Tt>chnolor,y 

HHF.L (Public) Ori&inully USSR and 
Czechoslovakia, l~l~r 

KWU < ~·1tc > and 
Combuclion Eng. 

AHL (priv.) 
l!HEL 

BHl!:L 
Jyoli (priv.) 

J2 

L2 

12 

6 

26 

9 

l!abcock Willcox 
us::1t, UK, ht.er 
Japan and ~ranee 

r.tCLUK - Hilachi 

A!:..:A, !! i1~Nr~nc 
r.t:.: 

Gt, GEC 

NGK (Japan) 

No iurlh~~ tor~i&n 
lcr.hnology 

~it:?mcnc 

·--- ·------ ------- -----

rr 
'J) 



Table 22. IC'public: CL loreta: t•roJu ... ·t s m.ulUl 4d ur•:J 

Equipeenl 

:transai ss ion 

l. Trans•issioa 
&~t:tl?SSOl"'ie• 

2- Transaission 
line 

). Oil filled 
cable 

... CV (Cross 
linked 
hl~lh ... 1 ...... 
iPsalaled and 
vinrl shealedl 
l'.,....r cable 

s. Saspensioo 
iosulalurs 

6. To...,r 

Sub-1talion 

l. Cas insulated 
switcllgear 

2. Cas circuil
brealcar 

l. Disconnecting 
switch 

"· Tranafor.er 

Ditlrlbulion 

l. ••closer 

2. Sectionalizer 

.. 
" Size 

lO tY 

a.c.s.a. 
480 tv 

l'i4 tV 
2000 class 

n"I tv 

10~ clas~ 

l4S tY 
Class 

l4S tv 
class 

IS• lcY 
class 

10 tv 
class 

l4S lcY 
class 

IS• tY 
class 

l4S tY 
clan 

lS• tY 
class 

2~ tv 
clau 

27 tV 
cl••• 

l. Cul out switcll 2S tV 
ci.u 

... Ligllling 
arrestors 

~. C.V. rabl• 

6. Line Post 
iuulalors 

1. Su1pen1ion 

1. a.c. Load 
l•terrupler 
Air switcll 

11 li:Y 
cl••• 

22 tY 
Cl au 

1 112 
clau 

'11 tY 
elau 

Locd 
.. nufaclur~c 

IL JH 

lUl. JAE and 
unr olbers 

Dee - Han 

le--Suog 

Shin Hao 
lo llfoe 

Hruo Dai 
& .. nr olh.,r:; 

HJO Saag 
Heavf Ind. 
Lld. 

As above 

&s above 

.ls above 

&s above 

As aboH 

As above 

IL JIK 

IL JIM 

Saa leu.g 
IL JIM 

JOllC "'* 
Slli• A 
IL JI• 

Dee !:va& 

and -•r 
other• 

llH Yeng 
and -nr 
oOars 

Shin llan 
io PJOe 

Shi• - A 
a11d .. nJ 
other• 

Co. 

·-----·--- - -· - ------
Local t.•unlt.·nt 

•::: ul 191U !:ourc~ of 
<1•cr c"'nll u!chn.,lun 

----- -- ---· -·-·· 

11.I> 

100 

100 SUllilo.> !Japan) 

100 Hitachi (Japan> 

JCJ l>oullon (Ill) 

Jo•l111 1u:;A1 

100 

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

0.97 

0.1 

ll.4 

82.8 

83 

10 

10 

JS. 1 

100 

100 

11. i2 

100 

100 

100 

11. ·, 

Hihchi (Japan) 

As aburc 

ls ahow~ 

lterio Ccrlin 
(franc~) 

As aburc 

\leslingbouse 
(USA) 

As abow~ 

OTC:WA I Japan) 
• .. c,r11n 
~disor r.., 
(IJSAI 

lloi.11 · ·• (llSI 
Jo,lrn w::u 

Togd i I Ja1•an I 
~.<: fU~AI 
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In India, existing capacity is inadequate for providing castings of more 

than 20 tons. Future installations are envisaged for the production of large 

turbines and alternators (KWU licence). 

In ~exico, a high-capacity foundry and forge are to be established 

(Japanese licence) to produce castings of 70-100 tons; a 4,500-ton press is 

also to be installed. These investments sh0uld make possible the production 

of 350 ~ alternators and turbines. 

In the Republic of Kcrea, it seems that investments have been made 

recently at Chrtngwon, so that all important castings and forgings can be 

produced. 

Whether they are based on the national market (India, China, Brazil, 

Mexico) or on an industrial development strategy that is more export-~riented 

(Republic of Korea, Singapore), the development of the electric power 

equipment sector in the semi-industrialized countries has been carried out 

with large-scale Government intervention, either directly through enterprises 

with public capital or indirectly by means r,t const~nt guidance and control 

being exercised over national or foreign private enterprises. 

From the point of view of firms originating in the industrialized 

countries, the newly industrializin~ countries are often regarded as a threat: 

a close threat in the case of countries such as the Republic of Korea and a 

more distant threat in the case of countries such as India or China. Hence 

there can be no question of defining a developm~nt scrategy for the electric 

power equipment sector in the case of this group of countries. Each of them 

formulates its own strategy including the aspect of bargaining power for 

acquisition of the technologies that they lack. 
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4. SYNOPSIS 

The salient points of the strategies for each group of countrles are 

indicated in the following tables. 

In tables 23, 24 and 25 for each group of countries the characteristics 

of the group, the constraint~ and objectives with regard tc consultancy aPd 

engineering services, assembly and engineering, maintenance of installations 

and equipment are shown. 

Table 26 covers the implementation of strategies, e~phasis being placed 

on the p~incipal agents, relations with the capital goods industry, 

technological policy and training and co-operation needs. 



Chara.cterist i.cs 

Qr.2•.m_l E 100 kWh/yr 

ll t"•'unll"ier: G = 100 - 200 G'Wh 

~l"J ~IM 11 
""~~t'kt"t 

Capital 
goods indus
l t•y almost 
non-existent 
(crails) 

~t·oup ? 

~ counlril:':. 

Predominantly 
rural population 

300 - 1000 ~orkers 
in the engineering 
industry and craft 
type black.smi lhs 

~ ::;: ~00 kWh/yr 

G ::;: 200 - ~00 GWh 

Kediu~- Lar&e urban 
siged market population 

l.\l\l tt'd 
capital 
goods 
i_nd_usl ry 

1000 - lOOO wor
kers in the engi
neering industry 

Table 23. Characteristics, conslrainls and objectives 

Small counlri•~s: l'opulali1>n le:-ss lh1.1n '.i mil lio11 

0 B .J io; <: T l V IE ;;:;..s _______ _ 

Constraint:; Con:;ultancy Services Assembly & civil Maintenance o: 1'.:quipmcnl 

fo'inancing of 
electrit ictition 
pror,rammr.s 

Very small 
marlt.e~~ 

Elnbyronic 
l'l\Ultery of 
tt"chnolo&y 

Uevcloping national 
con$ultuncy bureau 
in ord•~r ·to: 
l) Ueline medium & 
long-term energy 
proi;ranun~ 

2) Carry out feasi
bility studies an~ 
l t.' llow- up of 
•TroJects 

Oomeslic markr.l The objci:tivc lor 
is liailed l~ese countries is 
despite lht lo uchi~vc mastery 
possibilities of consultancy 
for impleomenl• •ct iv i li cs as soon 
lion of clcc- us possible 
trilic•t ion 

P.n&incerinr. installations -------------------
National priority 
in order to save 
loreign exch11.nnc 

National priority 
i.n order to: 
1) Inc t'tHiSC the 
uliliz11.lion rate 
of lnsLalhtions 
2) Train personnel 
& improve appren
ticeship cftecls 

Complete mastery Complete mastery 
of civil enginecr-
rin& and assembly 
activities 

Very limited 
opportunities for 
cquipm~nt. Howvvcr, 
development of ucli
vities related lo 
low voltage cables, 
manufacture of 
consoles & swilh
boards, and poles 
for low & medium 
vollagr distribution 

~ome opporlunilic~ 

for certain coun
tl'ies: 

Cables 
· Medi uni and low 

volt.ai;c 1;car 
Continuous dev~lop
ment of aclivilic~ 
related Lo low and 
medium vo llage 
cables 

------------------------·-----------
e = !'er capitcl cl~clricity production. 
G = Total electricity production. 



Table 24. Characlerii;lics, cun&lrainls and obj~clivcs 

Mt:-diuni-sizt'd counlriei;: f'Qpulaation between 5 and 20 million 

. 0 B J ~-C T l V E S 
Characteristics Constt"aints Consultancy services Assembly & civil Kainlenence of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~~-P.~·~n ..... sineeriJUL_ ini;taallalions 

Group_} E = 500 KWh/yr 

20 caunlr~es G ~ 1000 - 2000 
GWh 

Small 
1111:. :- :.. et. 

~inancin& of Dev~loping fore-
cleclrif icalian cai;tin& and feasi
procrnmme~ and bility studies 
lhe equipment 
induslt"y 

Limited market Supervising assembly 
WOt"k 

Low capacity Manufacturin& in- Manpower sk!lls 
for capital dust.ry 5-10~ of 
soods lhe GNP 

3000-5000 workers 

~[l,lUp Ii 

l-, t'\HU\t r l t'~ 

~ed lu"'-
~ l~('~t tncH·kl"t 

~t'd l \~"' 
t'•P•C it~ 
for capilaal 

in the engineer· 
in& industry 

E = 'j00 kWh/yr 

G = lOOO - 'j000 
GWh 

Manut•cl~rin& in
dur>l t·.r 10- l ";11. ol 

Ob£•, l'l"•~\l\l~t\lln ot 
t' l t'~ t l" l \: \\\.\~l" 
equiptae'nl in SIHle 

countries: n1olors 
ti·ansf ormers, 
cables, etc. 

Markel very 
clo&c to lhc 
t'conomit· 1 icni tu 
(&earch for 
re&ion•l 
parlnP. t·s > 

Limited ne&o
l ial ion cap~· 
~llJ t~r th~ 
rurtha~t' ot 
technology 

~ = l'cr capita electricity production. 
- ~ = Total electricity production. 

Development. of ensi
necr in& •ct.ivit.ir.s 
ln order to increase 
n~sotiatian capacity 
It. could be consi
d~red thal consul
ltancy activiti~s 
are master~d in thr. 
majority o{ lh~s~ 

cuuntrlP~ 

-

Carrying oul 
civil cngineerin~ 
studies and wo1·k 

Total mastery and 
production of 
spare par~.i:. 

Repair of certain 
typos of equipment 
(e.g.transformeri:) 

Most o( the countries have already 
acquired a &reel capacity for mastery 
in these sectors. However, production 
of spare part& an a larger scale 
should be tokett as an opportunity Lo 
train skill~d ~nd specialist workers. 

Equipment 

Some counlricc will 
be able to produce 
medium voltage ccar 
and equipment 
( lransformP.ri:, 
icolnl in& swi Lr: hes) 

Several ohjecLives 
should be pursued: 

Low and ntt)d i um 
vollagc cables 
Medium volloc1~ 

&ellt' 
Co1M1P.nccm1~n L "f 
producli1>n ot 
c imp Ir: 1.'qu i pnwr:t 
tor power slulionc 
(metal ctruclur~s. 
boil~r-mnking work) 

~) 

I • 



Croup S 
• counlrill'i: with 
-diu111-sizcd 
w11arkets end 
liait .. d cal>ilal 
to1>ds i ndu::t ry 

Group t. 

l'J countries 

l.er&r inarket 
l::leclric po~r 
l"qu I pt11ent 
_induc_lry lairly 
~11 devi:-lopl"d 

r.rou" I 

1 countries 

Very lat·g .. aark~·l 

Ml&hlJ devel~pcd 
capitol goods 
inductry 

Tab!•• l"J. Chorucl~·ri::tici:, conclr11ii:~i: and obju:livci: 

Lurr,c 1:ountrir.s: l'opul11tion above ;.>O million 

--~---------------·------------------------·---- --· --- --------- ---- ··- -
___ <J_~_.I_.);_ .~:r __ l_¥.JLJ'_. -------. ---·-- --· 

Gharecler i i:l i•:c Con::trainls Consultancy and cn&inecrin& ccrvic~s 

=r.c lhc objectives tor lhr. mr.dlu~ sized cuunlric:: (Group~ J and 4) 

C= 10,000 - 20,000 GWh 
Menutacturin' industry 
l~~ - 201. o( CN~ 

t•roduc ti on cl ~lo~·:· 
I ric pow.:r equipm~nt 

I.ow and 111r.dium vol· 
tagc equ i p111r.nt 
C~ncr.11ent ot hir.h 
voll1gr. equlpau~nl. 
production 

No pow.:r st11lion 
equ i l""•:nt, or only 
lHtle 

NI Cs 

Very high cost o( 
industrial invest
m~nti: 

Hi&h lechnolo&ical 
complexity of the 
~·qui pmt.>nl. 
l.ack ol planninr, ol 
the capital r,ood& 
~·~clot• 

Need (or very hi&hly 
::ldllcd slat! 

Very hi&h co~t of 
i 11v11i.:lmt>nt r. 

"urkllt tor h1:11vy 

1. Tolal mastery of projccl cnginecrin& 
activities (technology unpackagin&l 

l. r.onanP.nr.cmcnl o( ~~u 11clivitien 

J. Uetinllion of 11 Lechnolo&y import 
policy 

l. "11clcry o( procacc cnginaDrin& 

l. Ucvclopmllnt of ll&.U activiticll 

l'l)Uipa11~11l vary clo~a 3. N11tional ::yctt>m tor patl•ntc 11nd 
lo th' l'l'•>n•>111ic 1 ir.en•:c~; 
linli l.c 

Very hi&h tcchnolo&i 
c11 l compl•)X i t.y 

i,;qu i pnurnt 

r.onancncemcnt of pro
duct ion o( hi&h ind 
very hi&h voltage 
'")ulpmenl and r,ea1· 

Ucvulopment al lha 
production a( equip
ment <sub11ccr.mblic~) 

!or power elation~ 
(hoilcrc,pipinr:,clc) 

~·or com': c oun l l'i c: ~ 
r. orumr: n c r.n1l' n l o I 
the produr.lion of 
vo:ry o:omplr.i 
equipment (turhino· 
r.omr.onP11tc) 

::tr1:11i;l.lw11 i nr; of 
induclrial rapacity 
in the !ir.ldc o(: 

High ind vr.ry hi&h 
vlllla&r. equipment 
ond 1;•:a1· 

~quipmcnl ol vary 
hi&h ~umplcxity 

----------------------·------------------------------------------------------
C ~ Total electricity production. 

• • 

~ 
&:-



Tobie lb. laplc..,ntalion of •tr•l~r.•e~ 

!:aall countries 11 Slale C°"'Panr tor lhe 
g1tn~ralioa. lransai~sion 

~roup and distribution ot ~1~~ 
lric P<>-r 

flro>up l ll llallonal •"nio:.,• l•>r 
planning and pro1jecl 
stuJits 

Linkage wilb lbc capital 
go>ods industrJ 

ll ftullipurpos~ ~ngine~r1ng 
.. int~nanc~ wurkshop lh•l c•n 
b.e us:c•I fur- ulhttr ~~..:tor:; 

ll ftultipurpo•c •beet -=t•l 
and general -.elal 1111t>rking 
shllp$ for th~ rn>JuclitJn '-)( 
~l•l c•binels and bole$ as 

)) Civil en,in••riag lilh?ll •~ lk!lal furniture anJ 
and asse9blJ ~nl~rpris~s equiP91!'nl tur r~n~abl~ 

R.:-d l-- 1 l wed 
co.nlr\e1 

firoup l 

Redi-•i&ed 
coua.lrie-s 

Croup ' 

11 the Go""r.....,nl, lo: 
lmpl,,...nt llnancl111 
pro90le •P"clflc 
lraining 
llegolialc lecbnical 
essis:taace 

21 Civil engineering 
enterprise 

ll IUectric cables 
enter-prise. 

ll t11c Cowcr-nt 
progr~iag ot public 
pvrcllascs 
tetop0rarr protection 
of t•e infanl indastrr 
definition of tecbno
loglcal poliCJ 

21 llatlonal engineering 
coepaaies 
ll lotionol indastriol 
enl•C"pris•• 
41 Knterprises in lb• 
developed countries 
and llC& 

l.erge countrlc• 11 the r.o,,.,rnoaent 
fr!J90tlon of national 

engineering capabllilt 

llroMp • fr!J90l\Qn of • o:apltal 
goods i•duslrJ 

Prosr-in& of public 
purcll11•• 
ll l•lioaol ••&iaeering 
(o.f)IRies 

JI lndustriel •nterpri•e• 
•> Tran1national ~~rpo~•
t ion• 

ll ltultlpurpose -l•I 
structures and b<1i ler--kiag 
WQrksbops (pflons, lank~I 

21 Rull ipurpose sheel -lal 
•ad g~n~r•l 9t'lal wror~iu' 
shop 

ll Dewelopal<'nt of the infra 
structure (fdunJry. t~rging. 
aacbining> 

21 Dewelopmienl ol specialized 
subc<1nlracting !heal treal-nl 
surface coatings> 

lron and sle"I · 11Cl-1 lurgJ 

HeaYJ inlraslructure 

Subcontracting 

Train in& '"'I l .. · ... ·hnu,(ogi1..·•l Cll 1)1~r•t ion nt!-.-Js 
pulicy 

:;,~pc i.a l i L,•J. t r•1n iua; in 

a4tlll •~lhUlt.-•. 

trainin~ (1)r •.•1wrt;,y 
pl•nnin, :;tuJi~~ 

- Specializ~J lr•ining in 
cl~~lri~•l lrad~~ 

:;pecial1z.,_.,1 tr•ining fur 
proj~~l ::;tuJi.::; 

l'•>lit:J lor lhc s~•!"d1 
for partr.•=r::; lllr lt.'l."hni 

ca I •SS i :;t .an1·~ 

T•> dcv~l1•p n~r;•>l i at ion 
c•pacily 

To sel~cl th~ tc.:hnolo
gic$ to he ••P•>rl•!d 

Technolo~ical unp~ckag

ing 

l'lan (or th~ •h!Yt· lof9'~Rl 

or • -=•1»ilal r;.1.>1J1I.; 1nd1.1;;lrr 
l"1>I i( J for l he .,·,1u i ~ i 

lion ol lt!d1R1>lor.,1 

:;, . ., .. ·i•laz. .. •d l~chn.i('•l 

~ssist•n·~ t~r lr4ininG 
in lhc •>l--.·t"•l••>n 6r. ••inl..
n•n~~ ol th~ inslall•l1ons 

Sp~~i•liL~d l~~hnic•l 

•ssi~l•n~~ tor th~ J~vc 
lllpcl!"nt Jl r1al i..>nal 
con~ull4ncy s~~vi'~~ 

Spe-ci•lized technical 
assislan~e for training 
in el1t(ll"it:•l lc•d~s 

Acq~isili~n or techno 
logJ al><>•d lor lb~ devc· 
lopeeal t.>f a aal iona l 
~l~c•_ric P')WCr equiplM'nt 
indu:st rr 
t•aclnccs:: 

~nterprises in lbe •ICs 

:;..,11 anJ M"di"• s.:•lit 
enlerpr1s~s 1n th~ 

d~velop~d .:ountri~• 

Transnational corpo 
r•l inns 



,....... ____________________ --

- % -

'. CnNt~LPOT'll. RE"f..\RKS 

The present economic situat;,in and the development prospects of a least 

dc>vi>lope·I countrv or a newlv industrializing country are very different. 

Takin~ intn .1ccount the diversity of the •eal situations within the developing 

co11'.'ltrie;, e.1ch co11ntry could !"pecify n more or less unique strategy, both at 

thP <lnm1':;tic lev<>l and at the level of bilateral, multilateral and global 

ni>gotiat ~ons. In thP pn•sent p:iper, a typology has been proposed, a 

classifi.:atinn of developing countries in diffen>nt groups has been m'lde, that 

sr,ould m1ke it possible to pr1'pare concrete strategies '°or commencing or 

clev1'lopi•1g production in the sector concerned: electric pPwer equipment. This 

tvpolnev t~a<ls to oriPntations regarding a deliberate development policy in 

this secror for each of the seven groups studi<!d. 

The capital goods st>ctor, of which ell"ctric power equipment constitute., 

an important pare, is thP k~y industrial sector for national industrial 

integration. Taking into account the advan':age.;; and constrain ts of the 

countri•'"' in •':ich grrn1p, tlH• production of t>lectric power equipmPnt could be 

hast>d nn·. 

(a) A n.1tiona1 p.ilitic.1! d1•cision cJparly statt>d and concr1~tely 

i mn I •'mf'n · •"I·, 

(f.\ Til1• r1 .. :11v.niti.111 .if th.· 1£•.1din~ r11!P llf n.1tin11.1l softw;1rt> activiti1•s 

(stud i1•s. Prtl' i111•1•r in<>)·, 

(c) Thf' impr•lV"m•·nt 11f tt ,. bargain ins• sit11atinn vis-~-vis tlw supplii>rs 

nf t••chll·•lo;•v. 

Fin ii Iv, part iotlarlv in tt11• cast' of th•· smal I- or mPdium-sizP<l 

C1)llrltri1•., it sl1rndd he nnt1'd th.1t tlH• SParch f1>r rf'gional co-opt'ration 

.11'r•·•'m"n' ·; (h1·tw1•r•n ~f'V1•r.1! co• nt r ies) wo11ld m1k•· ~l poss ih le to .1ttain the 

critir.11 r,j?.,. f·ir rn;1rkPt•; for n:rny prod11~·ts mnrP rapidly. llowf'Ver, so f;ir 

v<>rv f<'w 1•x.1111pJ,.s 11f ind11stri.1l pl.111nin~ rnv.·rinr. S•'VPral co11ntri1•s have vet 

t.1k1•11 1"rncrf'f•• ~;li;IJ"'• ·r1111s, th•· .. mph;i..;j•; in this pap1•r i· m;1inly nn n.1tio11;il 

str.1tP~j, .. ,, 

.. 
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For the guidance of our publications programme in order to assist in our 
publication activities, we would appreciate your completing the questionnaire 
below and returning it to UNIDO, Division for Industr£al Studies, P.O. Box 300, 
A-1400 Vienna, Austria 

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

Electric power equipment production in developing countries~ 
A typology and elements of strategy 

(please check <pprop•iate box) 
yes no 

(1) Were the data contained in the study useful? If I f 
(2) Was the analysis sound? I f I f 
(3) Was the in format ion provided new? If I f 
(4) Did you agree wit;1 the conclusion? I f I f 
(5) Did you find the reconmendati ons sound? If I f 
(6) Were the format and style e<_sy to read? I I I f 
(7) Do you wish to be put on our documents 

mailing list? I f If 
If yes, please specifY
subjects of interest 

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

If 

(9) Any other comments? 

Name~ 

(in capitals) ............... ~ ................ . 
Institution~ 

(plPasP give full adress) .................................. 
Oa te ·• . ............................... . 

If 

.. 
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