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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 fcr the establishment and
development of the manufacture of equipment for the generationm, transmissicn

and distribution of electricity in developing countcies.

The typology consists of a classification of countries in homogenous
groups from the point of view of their\botential market and their technical
capacity for the production of capital goods. Theée are many risks entailed
in the establishment of any typology or any classification. However, on the
other hand it is not possible to be content with a global ard 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
of developing zountries have been identified. For each of the groups,
strategy eiements have been worked out on the basis of a set of country case
studies undertaken by UNIDO. That constitutes 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" (UNIDO/IS.507).

The descziption and analysis presented in this paper is largely based on
work undertaken by Mr. R. Tiberghien and Mr. P. Vernet of the Institut de

Recherche Economique et de Planification du Développement, Grencble, 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 decimals.

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

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

The 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 indicates that the item is not applicable.
Totals may not add up precisely because of rounding.
Resides the common abbreviations, symbols and terms and those accepted by

the International System of Units (s1), the following abbreviations and

contractions have been used in this report:

Economic and technical abbreviations

CKD Completely knocked down

Gor Gross domestic product

GNP Gross national product

1SIC International Standard for Industrial Classification
MVA Manufacturing value added

NICs Newly industrializing countries

R&D Research and development

SITC Standard International Trade Claesification




1. INTRODUCTION

Electric power equipmentl/ for the production, transmission and
distribution of electricity can play an important part in the
industrialization process of a developing country. Electrification of a
country is a means to create at 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, therefore, understandable that
the majerity of developing countries give high priority to electrification

programmes, including rural electrification.

With the notable exception of mini hydro plants, decentralized
alternative electricity preduction technologies, on which much hope was set
some years ago, lead to high costs of production. Table 1 illustrates by a
typical example of viliage electrification the orders of magnitude of the
total cost of production of electricity delivered to the user, by reference to

various options. These options are based on the following chief hypotheses:

(a) 290 domestic subscribers, procuction activity (local industry,
irrigation) providing demand in slack periods; consumption: 150 MWh/yr

domestic, 500 MWh with production activity.

(b) Fairly high population density; cost of distribution network
$us 90,000.

(.) Locally available resources for all the technnlogical variants
envisaged; in practice, this hypothesis would be unrealistic, but it makes

theoretical comparisons possible in this context.

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

8 per cent per annum,

1/ 1In this paper, electric power equipment is taken to mean the products
in major groups 71 and 77 of SITC (Rev.2):; nuclear power equipment has been
excluded; see Report of UNIDO Expert Group Meeting on the Energy-related
Equ ' oment 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 reference

te several technological vaviants

Option

Cost of production
$US/kwh

Interconnection from a network situated 50 km to the
village to be electrified
Investment: $450,000, 2 persons, annual
maintenance $3,000, 500 MWh/yr, maximum power
100 «VA, $0.04/kWh of medium voltege power

Diesel generator set
Investment: $200,000, 5 persons, annual
maintenance costs $5,500, 500 MWh/vr, maximum
power 100 kVA, $0.5/litre of diesel fuel

Photovoltaic cells
Investment: $1.95 million, 2 persons, annual
maintenance costs $8,000, 150 MWh/yr, maximum
power 100 kVA, energy. free

Wind generator
Investment: §900,000, 3 gersons, annual
naintenance costs $13,000, 150 MWh/yr, maximum
nower 100 kVA, energy. frec

Mini hydro power station
lnvestment: $350,000, 5 persons, annual
maintenance costs $60,000, 500 mWh/yr, maximum
power 100 kVA, energy: free

Diesel generator fed by lean gas from wood pyrolysis

Investment: $230,000, 5 persons, annual
maintenance costs $6,000, 500 MWh/yr, maximum
power 100 kVA, $0.1/kg of wood

0.16

0.26

1.483/

1.033/

0.22

a/ Electricity cannot be provided for use in local manufacturing.

Source: P. Vernet, Evaluation de fili2res technologiques pour
1'électrification rurale (Evaluation of technological routes for rural
electrification), internal document, IREP, August 1982, 40 pages.
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Electrification today is pursued in all countries on the basis of the
<lassical solution, namely, by connecting medium voltage lines to a grid.
Local networks supplied by mini hydro power stations can te set up provided
that there is a river with an adequate volume of flow at low level such as
e.g. some Andean countries in Latin America. Whatever solution is adopted,
electricity supply requires a very considerable investment. Futhermore, the
costs of production (price per kWh at the power station terminals) represent
only a limited part of the total cost 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
investmenc needed for electricity transmission (high voltage) and distribution

(medium and low voltage).

Even if a developing country is unable to produce the key element in a
power station - the turbo-alternator -- the local production of equipment
requiring less complex technologies such as pylens and poles, cables,
insulators, distribution transformers, etc. can very significantly reduce the

foreign exchange component of capital investment for electricity.

Furthermore, the production of el:ctri~ power equipment requires
conduc ting engineering studies and the development of mecharicai engineering
capacity. The production of capital goods and electric power equipment is

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

Domestic production of electric power equipment must be encouraged in the

developing countries in view of*

(a) The priority accorded to electrification programmes;

(b) The fact that even production of simple equipment fcr distribution

has a significant impact on the foreign exchange balance of these prog.ammes;

(¢) The leading role of the capital goods industry in the process of

industrialization and mastering of technology.
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2. THE NEED FOR A TYPOLOGY OF DEVELOFING COUNTRIES

The main purpose of this paper is to assist the developing countries in
working out industrial policies and strategies to create or develop an
electric power equipment industry.

In view of the different levels of industrial development achieved by the
developing countries, ranging from the least developed countries to the newly
industrializing countries, a differentiated approach is required. 1in scme of
rhe countries there is no capital goods industry so that it will be necessary
to consider a strategy for starting up the industry. Inm other countries, the
national capital goods industry produces the full range of equipment; there it
will be a question of consolidacing the industry and of enabling it to produce
the most sophisticated types of equipment and/or give it access to advanced
technology; vacuum or sulphur hexaf luoride (SF6) circuit-breaking for
switchgear, for example. Between these two extremes, oneé can find almost all
levels of deveiopmenr of this industry. It is beyond the scope of this paper
to deal with every ccintry individually. 1Therefore, the countries are grouped

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

At the world level, the electric power equipuent industry is often
regarded as an oligopoly or as a carcel.E/ This view cannot be held in the
case of simplar equipment, the technology fer which has been mastered in a
large mumber of medium-sized companies in the industrialized countries and in
a growing number »f developing countries. In this case, the respective
bargaining capacities of the owner of technology and the developing country
wishing to obtain it are very different from the oligopoly case. A typology
of developing countries must, therefore, also make it possible to take 1into

account the different bargaining conditions for the transfer of technology.

g/ See A. Gaulé, Analysz des stratégies des acteurs dans le secteur des
biens d'équipement &lectrique (Analysis of strategies in the electrical
capital goods sector), December 1983, Study prepared for UNIDO, Université
des Sciences Sociales de Grenoble,




.

As a genaral rule, the difficulties of negotiating a transfer of
technology increase with the technological comwplexity of electric power
equipment. This, in a sense, is favourable, since the developing countries
with a low level of industrialization will negotiate for simpler technologies
that are more easily available. It will be the most advanced developing
countries that will negotiate the transfer of more complex technologies; these

countries are those that have the strongest bargaining power.

By grouping the developing countries it will be possible to prepare

strategies for the development of the electric power equipment industry which:

- Will take into account the differences in the industrialization level

ot the countries.

- Are linked to the technological complexity of the products whose

manufacture is envisaged.

- Evaluate the country's bargaining power for the tvansfer 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 the basis of a regression analysis of various

statistical indicators.

This method was not selected for several reasons; nainly because

statistical indicators that are sufficiently reliable and available for a

3/

large number of countries are rare.= Furthermore, tentative correlation

3/ See the discussion in point 2.4 on the indicators :elected.
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Figure 2

Classification of developing countries by mechanical and electrical
engireering production (ISIC 7) and electricity production (1979)
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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 that are likely to appear, could be

interpreted as follows:

(a) Within an identified group of countries, the development process
would be almost automatic: the countries situated at the bottom of the curve,
4 .. .
(surface or volume)—/ would develop towards upper positions even 1in the

absence of any industrial policy.

(b) The statistical relationships within the identified groups would not
allow conclusions on how the countries situated at the top would develop or

whether it ic 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

2.2.1 Countries selected

The statistics published by the World Bank, which are the most complete
for the purpose of this paper,zl cover 92 countries with more than one
million inhabitants. It will be 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.

5/ 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. These are: Benin, Bhutan, Burundi,
Demncrat ic Xampuchea, Democratic Yemen, Laos, Lesotho, Mongolia, Niger, Papua
New Guinea, Rwanda, Unit2d Arab Emirates and Viet Nam., With some exceptions,
these countries 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 Bank statistics, 75 will, therefore, be dealt with in our

typology.

2.2.2 Methods and criteria adopf.ed

Baving discarded a purely econometric approach, a multi-criteria

classification has been adopted, taking into account particularly:

(a) The size and development potential of the domestic market for

electric power equipment;

(b) The potential industrial capacity for commencing the production of

electric power equipment.

The 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 pcpulation, is obvious and does

not require any long discussion.

. . . .. 6 .
The per capita production of electrlcxty—/ reflects with some
exceptions-/ a country's degree of electrification, 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

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

7/ Countries that export electricity, particularly hydroelectricity.
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equipmcat for transmission and distribution than the average. Since no

developing country has reached the saturation point beyond which consumpiion
and production increase only very slightly, it is justified to cowsider that
the demand for more and more complex electric power equipment will grow with

the degree of electrification.

Imports of electric power cquipment constitute the last indicator for
identifying the market., There again, experience shows that these imports
continue to grow as the degree of electrification increases, even if there 1is
already considerable domestic production. This 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. The level of
complexity of the technologies used, 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 and electrical
engineering industries, This is therefore probably the set of industries that
can best reflect a potential for starting or develuping the production of

electric power equipment,

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

indicators:

- Population;

- Per capita production of electricity;

- 1mports 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 potential for their production.

-




2.2.3 Alternative criteria considered

Several other indicators that seemed interesting a: first sight, had to

be discarded for various reasons.

Value added in the electric power equipment iadustries would have best
reflected the present situation of industry. Uniortunately, this information
is not available except for a small number of countries, The classification

of 79 countries would therefore not have been possitle.

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 other cases, exports of capital goods - particularly
electric power equipment - with some exceptions, do not attain significant

values, Thus this indicator, although often available, was not selected.

The value of manufacturing gross domestic product (absolute or per
capita) is also available in most cases, at least through estimate:r of the
structure of total GDP. However, production of manufacturing industry as a
whole 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 electricai engineering industries, which was finally selected.

A country's rate of urbanization might be an interesting indicator, as it
would indicate the direction in which electrification might develop. In a
predominantly rural country, it would be necessary to orient the production of
electric power equipment more towards products intended for rural
electrification., However, it will be seen that the use cf the four criteria
selected separates implicitly predominantly rural from predominantly urban and
industrial countries, Therefore, use of this indicator would scarcely have

improved the classification made., 1In fact it would have been redundant.
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Gross fixed capital formation reflects a country's capacity to Lavest;
whick is a relevani factor in the present context. However, one must remember
that investment figures as included in available data on gross fixed capital
formatiorn 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 financing industrial
investment but would require detailed supplementary information in order to be

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 typology since:

(a) The necessary statistics are not available for man countries; or
y Yy

(b) Supplementary information would be required in order to interpret

the data in a simple and reliable 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 selection of indicators will depend on the purpose of the typology .
In this case the typology is neither intended to explain the past deve lopment
nor to be a bzsis for quantified forecasts. Instead it should be relevant for

developing countries with regard to:

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

of electric power equipment.




(F) Their market in actual and potential terms.

The word "potential' is used in its true meaning and should be
distinguished from "actual". We have chosen an indicator of the potential and
not of the actual capacity for starting or developing the production of
electric power equipment, namely the value added in the mechanical and
electrical erngineering sector. The actual, or real, capacity depends on
industrial strategies, on the number of available engineers and technicians,

on the past growth rate of the sector, etc.

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

were chosen, namely:
- Populotion;
- The electrificatior rate;

- 1Imports of electric power equipment.

The size of the reai market depends on the financing capacity, the

electrification programme, etc. for which no suitable indicators are available.
To sum up. this approach is made in terms of potential and not in actual
terms, making possible a razlative (but not an absolute) grouping of developing

countries in relation to one another according to:

(a) Their potential capacity for commencing or developing the production

of electric power equipment,

(b) Their potential market.

2.3.2 Interdepeandency of selected indicators

While the variables population and electricity production can be
considered as independent varizbles, the same does not apply to imports of
eiectric power equipment and value added in the engineering industries, both
of which can be interpreted as functions of population and electricity

production. However, it will be recalled that the object is not to elicit




econometric laws; in this case, it wculd indeed he necessary to look for
indicator: which are genuilnely independent; however, in this paper, which aims
to group countries on the basis of criteria of potential, the use of
interdependent variables does not constitute an obstacle - it serves rather to

refine the zaalysis.

2.4 Results

2.4.1 Presentation of basic indicato:s

The following data were collected for 79 countries with more than one

million inhavitants:

(a) Their 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) iImports of electric power eqvipment (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 Eurone, 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 Report to obtain manufacturing output and table 6 to obtain
outprt in the machinery and transport equipment sector from manufacturing
output) or from the United Nations document: Yearbook of Industrial
Statistics, 1980, 1In 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 typology

Per capita Impo.ts of

Name of country Rank Population electricity elec.power Manufacturing
production equipment value added
(1) (2) (3) (4) (5)
Units - million kWh/yr $ million $ million
Afgharistan k) 16 61 7.4 1 (e)
Algeria 80 20 310 345 460 (e)
Angola 50 8 190 29 50 (e)
Argentina 84 23 1,450 280 10,340
Bangladesh 5 91 29 34 40
Bolivia 43 6 250 29 50
Brazil 81 120 1,145 659 15,930
Burma 8 34 41 51 €2 (e)
Cameroon 56 9 144  under 50 (e) €y (e)
Central African Rep. 26 2 30 under 50 (e) 5
Chad 4 4.5 13 under 50 (e) 7
Chile 85 11 1,080 121 1,380
China 21 991 310 445 €5 (o)
Colombia 66 26 790 193 830
Congo 58 2 50 under 50 (e) Cl (e)
Costa Rica 68 2 1,10 35 50
Cuba 57 10 1,030 69 €3 (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
Cuatemala 59 7.5 260 27 €2 (o)
Guinea 22 6 83  under 50 (e) ¢y (e)
Haiti 23 5.1 80 21 1 (e)
Honduras 44 4 200 16 4 .0
India 17 €90 170 327 s (e)
Indonesia 41 150 47 374 710
Tran 75 40 430 403 % (e)
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Table 2. Basic indicators for the typology (cont'd)

Per capita Imports c’

Name cf country Rank Population electricity elec.power Manufacturing
producticu equipment value added
(1) (2) (3) (4) (5)
Units - miliion kwh/yr _ § million § million
1 raq 76 13.5 590 1.080 C3(e)
Ivory Coast 63 8.5 210 under 50 (e) 150
Jamaica 67 2 1,150  under 50 (e) CZ(e)
Jordan 72 3 370 112 30
Kenya 35 17 94  under 50 (e) 110
Dem. Rep.of Korea 69 19 1,840 18 “3(e)
Rep. of Korea 14 39 1,030 721 3,130
Kuwait 97 1.5 6,200 528 40
Lebanon 79 3 690 57 €2(e)
Liberia 40 2 /450  under 50 {e) 1ee)
Libya 95 3 1,030 700 ©2(e)
Madagascar 28 9 44 12 C1(e)
Malawi 11 6 67 5.3 10
Malaysia 77 14 640 330 750
Mali 10 7 14  under 50 (e) 15
Mauritania 37 1.6 63  under 50 (e) Cl(e)
Mexico 82 71 904 1,250 9,990
Morocco 52 21 220 91 240
Mozambique 31 12 1,120 14.5 €2(e)
Nepal 7 15 15 under 50 (e) Cl(e)
Nicaragua 53 3 330 6.5 25
Nigeria 54 88 57 570 550
Pakistan 30 85 200 106 C4ce)
Panama 78 2 550 25 10
Paraguay 73 3 270 12 72
Peru 60 17 580 83 580
Philippines 49 50 320 247 970
Saudi Arabia 96 9 1,000 2,340 €3(e)
Senegal 36 6 117  uncer 50 (e) 40
Sierra Leone 27 3.6 56 under 50 (e) Clte)
Singapore 93 2.4 2,920 506 2,070
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Basic indicatorc for the typclogy (cont'd)

Per capita Imports cf

Name of country Rank Population electricity elec.power Manufacturling
production equipment value added
(1) (2) (3) (4) (5)

Units - million kWh/yr Emillion § million
Somalia 18 4 8 under 50 (&) Ul (e)
Sri Lanka 24 15 127 51 30
Sudan 32 19 53 31 2 (o)
Syria 71 9 490 100 ©3 (e)
Tanzania 19 19 37  under 50 (e) “2 (e)
Thai land 48 48 313 157 4 (o)
Togo 13 3 27 under 50 (e) €1 (e)
Trinidad & Tobago 94 1.2 1,500 30 - 500 (e) 30
Tunisia 67 h.5 415 94 99
Turkey 70 45 560 335 1,610
Uganda 13 13 54  under 50 (e) €2 (e)
Upper Volta 15 6 17 under 50 (e) 10
(Burkina Faso)
Uruguay 88 3 1,100 22.3 280
Venezuela & 15 2,070 451 820
Yemen Arab Republic 38 7 36 under 50 (e) 1 (e)
Zaire 12 10 150 53 €1 (o)
Zambia 45 6 1,480 15 70
7 imbabwe 55 7 640 17 160
(1) Classification by per capita GNP 1981 in ascending order. Source: World

Bank, World Development Report, 1983.

(2) Population zt mid-1981. Source:

(3)

World-wide Economic Indicators,

From electricity production 1981,
1983.

(4) 1981 figures. Scurce:

World Bank, ibid.

Source: Business International,

United Nations, ECE, Bulletin on world trade

statistics in the mechanical and engineering industries, 1983,

(5) According to SITC Rev., 2, Groups

711, 714, 716, 771, 772, 773. Source:

United Nations, Yearbook of Indnstrial Stactistics, 1980 edition (1980 figures).

(e)

Estimated,

Ci to @5 according to section 2...2.
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2.4.2 A graphical representation of selected indicators

Three graphs were 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 small population: less than5 million inhabitants
Countries with medium-sized population: 5-20 million inmhaktitants

Countries with large population: more than 20 millior inhabitants

rigure 3 classifies the countries according to their per capita

electricity production, three classes of countries being distinguished:

Countries of low electvification level: less than 100 kwh/year per capita

Countries of medium electrification level: 100-500 kWh/year per 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 aud two major petroleun producing countries - Indonesia and
Nigeria. The class of countries with a medium electrification level also
contains countries of <every size, but wivh a predominance of medium-sized and
large countries, particularly the People's Republic of China and India.
Finaliy, the class of countries with a high electrification level consists of
a very diverse groups of countries: (a) Small countries such as Costa Rica,
Panama and Singapore; (b) Petroleum producing countries (Iraq, Kuwait, Libya,
Saudi Arabia and Venezuela); {c) Countries with a wedium and in some cases a
low income levcl, whose electric power production can be explainei by specific
domestic factors. Mozamhique — major hydroelectric dam. and large-scale
exports; Chile, Jamaica, 7ambia - mining countries, etc.; (d) The most
advanced developing countries or those referred to as the newly
industrializing countries (NICs): Argentina, Brazil, Mexico and Republic of

Korea.
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Figurs 3
Classification of the Aeveloping countries by per capita oloctpic iy
production and population
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Figure 4 classifies the co ntries according to their imports of electric
power equipment in 1981. These 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. The following

classes may be distinguished:

Countries with a low level of imports: less than $US 50 million
Countries with a medium level of imports: §US 50 - 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 medium level of
imports is more homogeneous. It includes medium-sized and large countries 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 capacify allows ~hem to
implement electrification projects (Algeria, Indonesia, Kuwait, Libya,
Malaysia, Nigeria, Saudi Arabia, etc.) and the newly industrializing
countries, which, while they have cousiderable 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.gl These classes (C1 to CS) are:

8/ Six levels of complexity have been defined in earlier work by UNLDO.
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 Goods
Industry: Strategies for Development, ID/WG.342/3, 3 July 1981,
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Fijore
Classificarion of develoring countries by im-rts
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C.: Production less than $US 20 million

C;: Production between $US 20 and $US 60 million

C,t Production between $US 60 and $US 300 wmillion
C,* Production between $US 300 and $US 2,000 millioa
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 cescribed above, the Lypology 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 equipmeat

industry;
The criteria used for describing the market potential are:
- Pcpulation
-~ Per capita production of electricity

- 1Imports 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

follows:
C1 and sz Low capacity for starting or developing the manufacture
of electric power equipment
C,% Medium level development capacity
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CA: High development capacity
CS: Very high development capacity lacking mesely a few
elements of a complete electric power equipment industrv.

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

as follows:

into

Class 1: Countries with
Class 2: Countries with

Class 3: Countries with

less than 5 million inhabitants
betwveen 5 and 20 million inhabitants

more than 20 million.

The criterion concerning per capita production of electricity is broken

three clasces:
Class 1: Countries with
Class 2: Countries with

Class 3: Countries with

The criterion of imports

follows:

Class 1l: Countries with
Class 2: Countries with

Class 3: Countries with

less than 100 kWh/yeax
between 100 and 500 kWh/year
more than 500 kWh/year.

of electric power equipment is broken down as

less than $US 50 million in 1981

between $US 50 and $US 300 million
more than $US 300 million.

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 ccuntry 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 te the second class, a value 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:
Indices 3 and 4. Countries with very low market potential
Indices 4 and 5: Countries with low market potential

and 8: Countries with high market potential

3
4

Indices 5 and 6% Countries with medium market potential
Indices 7
8

Indices 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 MVA 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 immediately 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 b (countries with

large market and high capacity).




Table

3.a. Calculation of indices for market potential

Population in million

' laports Less than 5 Between 5 and 20 Above 20

of electric 1 2 3

power =000 Se e e e e e e e e e e s —m———o— - e ————— -
equipment Electricity production in kWh/yesr

in wmillion $US 100 100-500 500 100 100-500 500 100 100-500 500

1 2 3 1 2 3 1 2 3

Less than 50 1 3 4 5 4 S 6 5 6 7
Between 50-300 2 4 5 6 5 6 7 6 7 8
Above 300 3 9 6 7 6 7 8 7 8 9
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Table 3.5. Classificetion of the cowatries by [usc critecia

Inperts of
electric pownc Potenttial

_Popyletios ja @iliiom
Lass tham $ Setamen 3 sad 20 Above 20

equipment production Rigcteicity prodection je MW/ywer == 000
(alllies $U3) capacitys 100 100- 300 500 100 100- 300 s00 100 100-300 00
Less tham 30 cl Ceatrsl Roaderas Panapa Afghaniston Dumisicen Rthiopis
Afcican Liberia Buckine Yaso Repudlic
Republic GCuines
Chad Maiti
Cougo Madagascer
Wauritania Mslawi
Sieccs Leocee Meli
Somslia Mepal
Togo Yemen Arsb
Republic
c2 Bicsrages Costa Rica Sudan Aagols Bozembique Baagladesh
Jemaice Tenzsaia Bolivia
Ugaads Cemscoon
Rl Salvador
Custemals
Seasgsl
[} Pavegsey Urnguay Keaye Chans Zembise
ivecy Cosst. 2limbdabuwe
Dem. 2ep.
. of Kures
Setwmes 30 and 300 C1 2aice
c2 Jordaa Lebanon Yucms
[« ] Trisided Teaisie Cubs Wococco
& Tobago Bcwador
Scri Laskas
Sycis
[ ] Chile Pakistaa Colombis
Pecs Philippines
Thailaand
(=] Argeontias
Above 300 c2 Kowsit
Libye
c3 1ceq
Saudi Acabis
[ WNslsysia Indonesis Algeris Turkey
Vesezwels MNigeria Rgypt
1cen
cs Singapore Chias Beazl)
1adis Bep. of
fores
Rezico

* Based on WVA ia mechenicel snd electricsl englasering industrioee.




Table A.a. Groups of developing countries

Population in million

Less than 5

Between 5 and 20

Above 20

Countries with

Very small market (indices 3 and 4)
Low capacity (Cl, C2)

Countries with

Medium-sized market (indices 5 and 6)
Low to medium capacity (C2, C3)

Countries with
Large market (index 7)
High capacity (C5)

Countries with

Small market (indices 4 and 5)
Low capacity (Cl1,C2)

Countries with

Medium market (indices 5 and 6)
Medium capacity (C3)

Countries with

Large market (indices 7 and 8)
High capacity (Ca)

Countries with

Medium market (indices 5 and 6)

Low capacity (C1,C2)

Countries with

Large macket (indices 7 and 8)

High capacity (C4)
Countries with

Very large market (indices 8 and 9)
Very high capacity (C5)




Table 4.b. Typology of developing countries

Population in million

Lexs than 5

Between S5 and 20

Above 20

Group 1:

- OO WNDdD WN
4 a s e e e e e

—~o-

Group 2:

W vt VD WNW

Group 7:

- 1.

Very small market/
low capacity

Central African Republic
Chad

Congo

Hondurss

Liberia

Mauritania

Nicaragua

Pataguay

Sierra Leone

. Somalia
. Togo

Medium sized market/
low to medium capacity

Cost Rica

Jamaica

Jordan

Kuwait

Lebanon

Libya

Panama

Trinided arnd Tobago
Uruguay

Group 3: Small merket/low capacity

= O 00 - AND WK

0.

Afghanistan 1]. Madagascar

Angola 12. Malawi .
Bolivia 13, Mali

Burkina Faso 14. Mozambique
Cameroon 15. Nepal

Dominican kepublic 16. Senegal

El Salvador 17, Sudan

Guatemala 18. Tanzania

Guinea 19. Uganda

Haiti 20, Yemen Arab Republic

Group 4: Medium-sized market/medium capacity

NN WN -

Cuba 8. Tunisia
Ecuador 9. Saudi Arabis
Ghana 10. Sri Lanka
lraq 11. Syria

lvory Coasl 12. Zambia

Kenya 13. Zimbabwe

Korea, Dem., Rep.

Group 6: Large markei/large capacily

& W N -

Large markcl/large capacity

Singapore

Chile
®alaysia
teru
Venezucla

Group 5: Medium-sized market/
low capacity

Bangladesh
Burma
Ethiopia
Zaire

"
C

B oW N =

Group 6: Large market/large capscity

1. Algeria 7. Nigeria

2, Colombia 8. Pakistan

3. Egypt 9. Philippines
4. Indonesia 10. Thailand

5. 1lran 11. Turkey

6. Morocco

Group 7: Very larpe market/
very large capacity

1. Argentina 4, 1India
2. Hrazil 5. Korea, Rep.
3. China 6. Mecxico
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PCescription of the final grouping

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

20 courtries

Group l. Very small market, low capacity; ll countries: Central African

Republic, 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

inhabitants): 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. Medium-sized market, medium capacity; 13 countries: Cuba,

Democratic People's Republic of Korea, Ecuador, Ghana, Iraq, Ivory Coast, T
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 large 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 conntries: Algeria, Colombia,

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

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

Group 7. Semi-industrialized countries; 7 countries:. Argentina, Brazil,

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

It 1s recalled that the country case studies that have been carried out

by UNIDO cover the following groups:

Two studies concerning Group 3: Bolivia, Cameroon, Tanzania
Five studies concerning Group 6+  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-strategies

For each group of countries it was tried to speciiy the possible
development strategies for the electric power equipment sector, on the basis

9/

of the various country case studies prepared by UNIDO- and on the more
specific papers prepared by the Institut de Recherche Economique et de
Planification du Développement.lg/ Six strategies will be developed. The
four countries in group five (Bangladesh, Burma, Ethiopia, Zaire) have,
however, too specific characteristics to zllow the proposal of a hcmogenous
strategy. Possible strategies for this group could be similar to those of the
group of medium-sized population, small market and low technical capacity
(group 3) and to thcse of the group of countries with medium-sized population,
medium-s ized market and 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 mastering the capital goods sector.

Before giving details of each strategy, it 1s necescsary to emphasize 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, Colembia, Egypt, India, Indonesia,
Mexico, Pakistan, Republic of Korea, United Republic of Tanzania.

10/ - A. Gaulé - Les biens de capital pour la productioua et la
distribution d'énergie &lectrique, (capital goods for the generation and
distribution of electric power) November 1979,

- A. Gaulé, R. Chaponni2re, R. Tiberghien, P. Vernet - La
coopération industrielle avec les pay en dévelopr2ment 2 partir de
1'électrification rurale. (Industrial co-operation with the developing
countries on the basis of rural electrification)

- R. Tiberghien - Probl2mes technologiques dans le secteur des
biens d'é&quipement - la Tunisie (Technological problems in che capital goods
sectory - Tunisia) - 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 a
medium voltage distribution line, the share of equipment is even lower). It

1s necessary to take into account:

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

important for countries starting the process of industrialization;

(b) Assembly, which represents 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 not 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 medium and long-term energy development plans;

- Making investment studies;

- Selection of partners for co-operation;

- Supervision of the erection >f the installations;

- Organization of the maintenance of the installations;

- Promotion of specific training programmes;

- Promotioa of national consultancy and engineering companies;

- Promotion of a national industry for electric power equipment;

- Developing a policy for 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 Very

Type of to type complex comp lex Complex complex
Activity of activity activities activities activities activities i
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 - 0.5 3 12.5

Assembly 15 10 3.5 1.5 -

Total 100 33 10.5 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-hydro station

Design, engineerlng 10 Design 10
Civil engineering 20 Civil engineering 50
Assembly 15 Hydraulic equipment 20
Equipment, including 55 Electrical equipment 20

Engine 30

Alternator 10

Electrical equipment

and instrumentation 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 30

Equipment (circuit-breakers, disconnecting
switches, transformers) 70
Total 100

2. Very high voltage and high voltage lines

Appliances 30
Cables, towers, accessories 30
Assembly _40

Total 100

3. Medium voltage lines

Appliances 10
Cables, poles, accessories 40
Assembly 50

Total 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 country studies insist on this
point. Certain countries like Brazil, Egypt, the Republic of Korea and
Indonesia have 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 that they can entrust to the national

industry the manufacture of sub-assemblies of low to medium complexity (metal

structures, boiler-making products).
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In the framework of natilonal 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. 1In 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
essential! requirements with difficulty. This p.int of view does not mean,
however, that it is not 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 relavant investments are very considerable and the
establishment of an upstream sector does not significantly 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, mechanical
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 significantly, 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 ma jor
enterprises and the small and medium-scale enterprises in order to derive the
maximum 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 multipurpese 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. Onme 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 power equipment. The objectives of developing countries should be to
strengthen their national capability of consultation and studies and the
establishment of technological legislation. This would strengthen their
bargaining posicion. In this general framework the strategies of the
developing countries to arrive at a stage of autonomcus 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 particular in the field «f the transfer of technology. 1In 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 mmust be possible.

The second point concerns the financing of electrification programmes.
For countries with low and medium income, for example Bulivia and Tanzania the
future as far as the implementation of electrification programmes is concerned
is quite grim. The 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 development 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. Three points will be developed.

(i) Constraints.

(ii) The rargets to be aimed at ia the following fields:
- Consultancy activities
- Engincering activities
- RS&D
- Repair and maintenance

- Civi! engiaeerin;
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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.

(ii1) The implementation of these strategies, emphasizing
particularly:
- The role of different actors, particularly the Government
- Linkages with the capital goods sector as a whole
~ Technologizal policy, particularly specialized training, the
development of engineering activities, etc.

~ Needs with regard to co-operation,

3.2.1 Group-l. Very small market; low-capacity

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

Nicaragua, Paraguay, Sierra Leone, Somalia, Togo.

(a) General-characteristics

The 12 countries in this group, with less than 5 million inhabitantsll/

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 strategies for electrification and the mastery of the first stages of

11/ Tt would be possible ro iaclude in this group =i orbier couniries,
namely, those for which szatistics were not very veligble, a3 woll o5 those
with populations of le1s rhan one miilisn (Pelize, Suinea-dissau, Sarivaas,

S.aziland),
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techrology linked to electrification. Most of them are in the group of least

developed countries. The average growth of per capita GDP was low {l per cent
annually) in the period 1970-1981. The manufacturing sector began to develop

around the 19€0s and later development had to be based mainly on agriculture,

with the corollary 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

financin because the countries' own financing capacity 1is very low.
2, P ) b4

Finally, the encineering 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 Congo, these countries do not at present have any
hydrocarbon resources and, generally speaking, their hydroelectric potential
1s limited. This means that progress in electrification will be made by
imported resources, pending notable progress in the field of new and/or
decentralized forms of energy. This constraint may limit the rate of

electrification, with all the consequences on potential markets.
(¢c) Strategies ‘
(i) Constraints. Tne constraints have already been referred to,
but their effect 1s very great. Iu particular, the constraints

are; .

- The lack of resources to finance the capital goods industry

by electrification programmes.




- The very small market: absolute consumption for this group
of countries is in the order of 100-200 GWh/year, i.e.,
10 times less than the group of medium-sized countries

(Bolivia, Tanzania).lZ/
- Very great weakness in the field of mastering technology.

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

the folilowing 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
generatior of skilled manpower. Moreover, judicious
management of spare parts can lead to substantial savings in

foreign exchange.

- The development of domestic consultancy ficms for the
definition of energy strategies, long-term plans,
feasibility studies 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

prices.

- In the field of capital goods proper, very little can be
envisaged in the coming ten years. However, it would be
desirable to develop the ability tc participates in civil
engineering and in assembling work as well as in the field

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 supplier 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 Croup 2. Medium-sized market, low to medium capacity

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

Panama, Trinidad and Tobago and Uruguay.

(a) General characteristics

This group of nine countries with populations of less than 5 million 1is

different from the preceding group in two respects:
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- The market 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)li/ 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 GDP.

(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 therefore 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 staticns.

11/ Petroleum producing countries with less than one million inhabitants
could also be included in this group: Bahrein, Oman, Qatar, etc.
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Activities 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 statioms.

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

lines.li

As far as equipment is concerned, it should be pozsible for
certain countries to commence the manufacture of low and medium
voltage wires and cables and of electric motors and

distribution transformers.

Implementation. See the measures advocated in section 3.2.1,

since the situations are almost identical.

Group 3. Small market, low capacity

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

El Salvador, Guatemala, Guinea, Haiti, Madagascar, Malawi, Mali, Mozambique,

Nepal, Senegal, Sudan, Tanzania, Uganda, Yemen Arab Republiec.

14/ cf. tables 5, 6 and 7.
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(a) General -characteristics

This is the largest grcup of countriec (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 implement
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. This 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
pover 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 regards 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 are much more recent in Tanzania, In general the
enterprises do not use their production 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 electric power equipment

Major categories of machinery and equipment, producers, users and their prospects

Major machinery and equipment produced

Main producers
M = modern
T = traditional

Main users

Future proaspects

e e et i e o

a) agricultural machinery H farmern bright
(tractor attachments, rice huller, flour (modernization of agriculture)
mills, oilpressers, threshers)
= b) spinning and weaving machinery M cottage industries reasonably bright
v (power looms) (There is sufficient demand,
R but the problem is the increa-
£z sing imports of machine~-woven
R 9 . cloths from India)
. | ¢) carpentry machinery M carpenters, bright
o s (circular saws, electric planers, wood construction (Hote]l construction boom)
< - lathes) industries.
L s
= - : a) agricultural tocls (hand tools) M (ATF, etc.) farmers not promising
@ | w T (blacksmiths)
3
212
€ |~ . . . ..
) b) spinning and weaving tools (pedal looms) T (carpenters) farmers not promising
O
% ¢) carpentry and artisan tools (augers, M carpenters bright
g chisels, planers, saws, adzes, brick T (blacksmiths) masons and farmers
' = choppers, plumb lines)
| — a) energy generating equipments (water M local governments bright
_ 5 turbines, water wheels, hydrolic rams, (development (Government »rrojects)
i ,§'§'; pumps, gobar gas tanks, etc.) projects)
(%]
f §.L § b) electrical equipments (air coolers, M households bright
! T: e o electric cookers)
b | E 2
! o ¢) transportation equipments (wheel barrows) M factories
I b ] e o o o e e e T T 45 Y S P P P = ) S S (A P D S (e S D S S ey D S N S S D S e S S G S g D S e P S S S S S D S S . - - . - - -
! 2 - a) infrastructural equipments M government bright (government projects)
% 3 (suspension bridges, water gates)
4 -
e O
$ 8075| b) construction materials (roof trusses, M construction indus- bright
< é § grilles, window franes, iron gates) petty welding tries & households (hote) construction boom)
v
D o
E : ¢) steel furniture (steel almirah, steel M government and bright
2& desks, etc.) (furniture work) private offices




Table 9.

Bolivia and Tanzania: Data

on the electric power equipment industry

Solivia

Cistribution transformers

Employment: 180 persons

(2 enterprises)

. plant dating from 1968

q
-

L

A

a

production 40 units

plant dating from 1976
production 50 units

es {2 enterprises)

bl
plant dating from 1964

I plant dating from 1973

Poles (3 enterprises)

-

plant dating {rom 1969

25 persons

25 persons US technology

Copper and aluminium conguctors
PVC insulated

concrete pcles - FRG technology for 69 kV lines

plant dating from 1977 for rural electrification projects

(concrecte poles)

+.ant for wooden poles using cucalyplus

5 technology

National technology

Tanzania Employment: 252 persons

Distribution transformers and switchboards

1l plant dating from 1981 Cepacity 400 units,
production 214 units in 1983, Norwegian technology

Later production of switchboard: (11 kV) and insulators

Cables
1 planbl dating from 1978 Copper conductors, PVC insulated

Japanese technology - Production 1983: 400 tons

Poles

1 plant for wooden poles
Capacity 20,000 units/ycar
Australian technology

(]

ource:

UNIDO country case studics.

-Lq_
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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 level 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 show that these two countries are severely hit by
the international crisis. Consumption of electricity rose by only 6 per cent
between 172 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 gocds
industry. Moreover, the financing capacity of these countries is relatively
limited and programmes will remain dependent on bilateral and multilateral

financing possibilities.

(c) Strategies

(i) Constraints. The country case studies refer to the following

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;

- TfFinancing both for capital investment and for components and

raw materials;

- The lack of a long-term strategy.




Table 10. Bolivia and Tanzania: 1Installed capacity and consumption of electricity
Bolivia _ Tanzania
Annual growth Annual growth
cate (per cent) rate (per cent)
1972 1982 1990 1972-1983 1983-1990 1972 1982 1990 1972-1983 1983-1990
Consumption (Gwh) 798 1,503 5.9 400 720 . 6
of which (per ceat)
- Iadustry 56% 70 53 3.1
— Others 44 30 47 10.8 !
P
O
Installed capacity (I4) 272 539 786 6.4 5.5 121.8 388.3 . 12.3 :

*  25% industry, 31% mining.

Source: UNIDO country case studies.
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(i1) 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 period of ten
years it 1s 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): 1In 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 defini'ely envisage a development
period of ten years. For this purpose, it seems to be
possible to fix the following objectives: Wiring and

manufacture of low- and medium-voltage switchboards. The

example of Cameroon, which has a company (Entrelec) with a
staff of 200 persons making switchboards is significant.
This 1s 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 1is 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, There are locai companies in
Tanzania, but thelr rescurces are still limited, 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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- Bare 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 to 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

of adapting technologies.lz!
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
electTic 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. This necessitates the selection and
choice of partners and the regulation of technological

transfet.lﬁ/

- 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,
. . . 17
section insulators, and transformer tanks;——/

- Foundry, forge: electric motor components.

Thus, it is at the level of the sector 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.

The role of the Government. Government intervenrion 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/ 1In 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 proposée measures for national

assimilation of imported technology.

3.2.4 Group 4. Medium-sized market, medium capacity

Cuba, Ecuador, Ghana, Iraq, Ivory Coast, Kenya, Democratic Republic of

Korea, 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 electric 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 the 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, $US 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
CDP 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).

- Ele-trification has made progress: 6 countries out of 13 have a per

capita rate of electrification above 500 kWh/year,




Teble 11. Some stalistical data on seven couniries belonging to group 4

Imports of

Per capita electric
- - - Popula- Electricity production power
tion production (kWh/year equipment Market data
Country (million) (GWh) per capita) ($US million) (unitg) Production
Zimbabwe 7 4,500 640 17 ) 1,200 distribution Wires and cables
transformers Transformers and circuit-hreakers
Electric motors
Pylons
- Tuniscia 6.9 2,700 415 94 800 to 1,000 distribu- Medium voltage cables
tion transformers Distribution transformers 1,000 to
2,000/year - 50% export.
Kenya 17 1,600 94 30 to 50 350 to 500 distribution Project: Distribution transformers
trans{ormers 1,000 to 2,000/year -~ 50% cxport
7 Ivory Coast 2.5 1,800 210 A0 to 50 Projecl: Distribution transformers
1,000/year
- Syria 9 4,400 490 100 300 to 500 distribution
transformers
: lraq 13.5 8,000 990 1,080 1,500 distribution
transf{ormers
keuador 9 3,200 360 60 1,000 to 1,500 distri-

bution transformery
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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. 1In the
case of Kenya the number of jobs in the capital goods sector is estimated at

16,000, distributed as follows:

Metal products 7,215
Mechanical machinery 528

Electrical machinery (including radio

and television) 4,991
Shipbuilding and repair 1,087
Automobile zssembly -2 ;469

16,290

The principal production activities are as follows:

- 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 -
18/

follows;—

18/ Project documents submitted at the SADCC Ccunference of
27 and 28 January 1983.
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Table 12. Tunisia: the mechanical, electrical and electroaic engineering
industries and the electric power equipment industry

Stiucture of production Per cent of total production

1. Capital -goods
Structural steelwork, boilermaking,

bus and lorry bodies 1.7
Internal combustion engines 1.9
Transformers, electric motors 9.0
Shipbuilding 2.5

Sub-total 21.1

2. Iatermediate-products-

iron and steel 23.0
Metallurgy 6.3
Foundry 3.0
Miscellaneous metal products 12.0
Batteries, cables 4,0

Sub-total 43,8

3. Durable - consumer -goods

Automobiles 21.4
Household appliances 4.0
Radio and TV 4.2
Llectrical household appliances 5.5

Sub-total 35:1

Total production 160.0

4, The electric power equipment industry:
(main characteristics)

Distribution-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

Electric-motors: 5,000/year, incl. 10 to 20 per cent for export

Origin: 1967
National content: 51 per cent
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(1) Electric-wire-and cables. The only Zimbabwean producer is Central

African Cable. Ltd., of which the British BICC Group is a major shareholder.
Central African Cables produces:
- Bare copper wire

- Plastic insulated electrical cables: 16 mm2 and 185 mmz, up to

3.3 kv

- PVC insulated cables: for automobiles, telephones, remote control

systems, flexible cables, cables for welding sets.
- Aluminium twisted cable, witk steel jacket or PVC insulation.

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

2,900 tons/year for alumianium cable,

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

transformers (1,200/year) and low 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 MVA and 132 kV

- Contactors and other low voltage appliances 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

7Zambia and 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 WIRES also

supplies enamelled wires to RELMO, which aliso has its own fcundry.

RELMO works under licence from General Electric (UK). The local content
of the motors produced has risen in recent years from 50 to 88 per cent.
RELMO makes three-phase and single-phase motors of interrnational quality
conforming to the recommendations of the International Electrotechnical

Commission.

Installed capacity is for 20,000 motors/year. At the moment, production
is 10,000 units and should rise to 16,000 in 1985. 1In 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 does not seem to pose serious problems., There are

thus no, or very few, constrecints in this field.
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(c) SQtrategies

For these countries, whose markets are just over the critical threshold,
the prospects in the coning ten years are ilmportant and the countries should

eagage resolutely in the development of the sector.

(i) Constraints. The size of the markets necessitates judicious
choices 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. The
development of engineering companies and technological

unpackaging should make it possible to remove this constraint.

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

omeration 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 transformers, Tunisia was able to
commence the production of transformers in 1968, on the basis

of national technology.

Progressive mastering of the consult ing engineering and
engineering fields seems to be a compelling need. For a
certain number of countries, this has already been achieved as

. . . 19/
far as engineering consultancy 1s concerned.—  In others,

study offices are being established in the national electricity

19/ 1In this field, Colombia (which belongs to 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 1is 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-hoec and selective foreign

technical assistance is still necessary.

With regard to the production of equipment, the situation in
three countries, Kenya, Tunisia and Zimbabwe, may serve as an

example.

In Kenya, wiring and the manufacture of low and medium voltage
switchboards have been developed by the importers themselves,

who are generally major foreiga enterprises: ASEA, Klockner,

Brown Boveri. Cables up to 185 mm2, 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
instructive 1in many respects .,

The market for distribution transformers is estimated at
750 units per year. This project is included in the Plan, but

the initiative of Brown Boveri is the determining factor. The

.......

20/ 1Industrial co-operation with developing countries on rthe 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. 1In 1978, a feasibility study had been carried
out for a production capacity of 1,000 - 2,000 transformers for
the domestic market and export. The financial arrangements
envisaged were BBC and 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 market for pumps is estimated at 10,000 units, The

1ational content will be progressively increased accerding to a

pattern similar to that for electric motors,
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Diesel engines - mainly assembly.

Tunisia: Local production of distribution transformers began
in 1970 in a company with Government capital, at the
instigation of the Société Tunisienne d'Electricité (STEG, a
Government company). The 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 is still more diversified as there is 1
production of power transformers up to 50 MVA and of contactors

and miscellaneous apparatus up to 11 kV.

These three cxamples 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, substations;

- Poles and pylons;

- High voltage equipment. The experience of Zimbabwe and the
projects in Tunisia show that advai.-es are possible in the
field of transformers;

- As far as power stations are concerned,gl/ some parts are
considered to be of low or medium complexity in the three
technical paths., The 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 details see table 4.
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(iii) TImplementation. 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 programme.

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 production of motors uses

foundry and forge techniques.
The Government has an important role to play by promoting new

partners, etc., scheduling public purchasing programmes,
adopting temporary protection measures for local industry, and
by promoting a technological policy (establishment of
engineering companies, avoidance of turnkey arrangements,
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,

projects (e.g. STEG in Tunisia) and by studying them, seeking l
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The main element that can influence strategy is the size of the potential
2 . . . . .
market,—gj in view of the needs and size of these countries. However, the
size of the markets must be considercd 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, Thailand, 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 population lies between

20 and 50 million irhabitants.

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 capita, 7 having a rate of 100-500 kwWh/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 manufacture
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 2 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, Morecco, with $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 13, 14, 15 and 16 on Indonesia,
Egypt, Colombia and Pakistan respectively). On the bas’s of these 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 high voltage apparatus is found 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.——

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 distribution sector has been practically mastered;

- Nothing has been achieved in the field of equipment for production and

transmission (very high voltage, high voltage).

23/ Nota sobre la capacidad de produccién de bienes de capital en
algunos pafses 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

---------------

Conductors and cables
Transformers - distribution:
high voltage:

substations,
ctaditchboards (low voltange,
redium voltage)

Apparatus,

Electric motors.........

.......................

................

Production began in 1969

1969-1974 - Production ¢n the basis of maintenance workshops
1974-1979 ~ First major development
1979-1984 - Consolidation phase

4 enterprises capacity 1,000,000 units

14 enterprises capacity 20,000 tons

9 enterprises (production begau in 1977) capacity 20,000 units Production 1981: 4,000 units
(Merlin Gerin licence; production began in 1981 Production 1983: 20 units

_19_

Several enterprises

9 enterprises (production began in 1977) capacity 15,000 to 20,000 units
S5 enterprises capacity 88,000 units

17 enterprises capacity 28,000 units

13,000 tons




Table l4. Egypt: Dats on the electrical equipment industry

Nam2> of
company Ownership FRmployment Production Technology History
BELNACO 99% public 820 Distribulion tresnsformers FRG kstablished 1957 - nationalized 1961
1972 300 units (Trajo Union) Licence with Trajo Union
1983 : 1,100 units
Egyptian Elec- Public 3,000 Medium voltape i Parisian cahles 1954 (private), 1961: nationalizstion
trical Cables cables (11 kV): 11,000 t factory 1955 - insulated cable and wire
Company Low voltage cables: 12,000 t 1960 - underground cables for low
Telephone cables, and medium voltage
insulated wire 1981 - expansion of the factory
_________________________________________________ e e e e —— e = o e o e R e o B e § e e = e b o e B 4 e e S = e e e o = e o o . = e ¢ - |
EGEMAC A9% EL NASR Medium voltage posts and SIEMENS 1978 - Joint venture with Sicmens %
substations :
41% SIEMENS Medium and low voltage
switchboards
20% DEG (FRG) lnsulators
ARABB 70% Arab Con- Medium and low voltiage Brown Boveri 1979
tractors switchboards and equipment

30% Brown Boveri

- Aluminium and copper conductors are produced in a public seclor cnterprise (Licence FRG, Hungary, Switzerland)

- Poles and pylonz (very high voltage) are produced in two public secctor structural metalwork enterprices.




Table 15. Colombia: Data on the electric power equipment industcy

Boilers, pylons, boilermsking (IS1C 38 13): Ewployment: 6,400 persons 164 establishments VA . s50%
P

There are seven enterprises producing electric power equipment including one with a staff of 2,400

The first ones date from 1949

Motors end turbines (ISIC 38 21): Employment: 129 persons 4 establishments VA . 3¢9
4

65 per cent of intermediate producls are imported

One enterprise produces small turbines (120 kW) - estahlished in 1964.

_69_.

Motors, penerators, equipment, transformers, etc. (ISIC 38 31): Employment: 4,500 persons

63 establishments

|<

o=
1l
W
R

S0% of intermediate inputs are imported
The first enterprises date {rom 1960

About 10 large enterprises, including S1EMENS, General Electric.

Electric motors : One large enterprise and two small ones
Transformers (1974) : One larpge enterprise, medium and high voltage.
Posts, subctations, etce.: 11 enterprises

(medium and low voliage)
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Table 16. Pakistan: Data on the electric power equipmeat 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
switrhboards 5 30 to 50
Generators up to
650 kVaA 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 7 300,000 units 20
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(b) FEnergy resources 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 of 4.1 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 for
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,

The 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 per 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
14,150 GWh in 1983); 47 per cent for industry as against 63 per cent in
1972. 1Installed capacity is 5,024 MW, 50 per cent of hydroelectric origin,
47 per cent 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),

These figures show that for this group of countries:




Table 17.

Installed capacity and electric power consumption

Epypt _— Colombia Pakistan B
Annual prowth Annual prowth Annual growth
rate (per cvenl) _ rate (per cent) rate (per cent)
1972 1383 1990 1972-83 1983-90 1972 1983 1990 1972--83 1983-90 1972 1983 1990 1972-83 1983-90
Consumption
{GWh) 6,169 20,735 137,900 11.6 3.0 8,878 19,520 34,550 7.4 8.5 5,408 14,147 9.1
Including: !
(per cent) -
- lndustry 63 60 11.1 a4 32 4.0 63 47 6.3 '
- Qthers 37 40 11.9 %6 68 9.3 37 93 12.6
lnstalled
capacitly (Mu) 1,948 6,182 10,89) a.l 5.4 2,491 5.440 9,646 7.3 6.7 1,837 5,024 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 less than in Mexico and 8-10 times less

than in Brazil and India.

~ The energy resources are of diverse nature. In Egypt, first of all
hydroelectricity and then conventional thermal energy in about the years 1980
- 1990, followed by nuclear energy in the year 2000 (35 per cent). In
Colombia, hydroelectricity remains the most important resource. The same
applies to Pakistan, where, however, nuclear energy could represent 12 per

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 vears 1955-1960;

Egypt v 195 Establishment of tihe Egyptian Electricity
Commission
1964 Establishment of the Ministry of Electric Power
Colombia i 1946-1362 Establishment in Colombia of production and
distribution enterprises
1967 Fstablishment of ISA (Interconexion Electrica
S.A.)
1976 Establishment of the Fondo de Desarollo
Eléctrico (Electricity Development Fund)
Indones ia 1961 Establishment of the Government Electricity
Company
Pakistan v 1958 Establishment of WAPDA (Water, Power Development
Authority)
1951 Nationalizaticr of KESC (Karachi Electricity

Corporation Limited)

Finally, as far as rural electrifica®ion is concern-d various instruments

have been created, but much more recently:

Egypcgi/ s 1971 Rural Electrificatior Authority
Pakistan%i/ + 1977 Commencement of a large-scale rural

electrification programme,

24/ 80 per cent of the rural population have access to electricity.

25/ 25 per cent of the rural populatiin have access to electricity.




In conclusion, all these countries have large-scale and diversified
energy resources except Morocco, Turkey and the Philippines. Energy strategy
should be based on a continuation of the electrification programme,

particularly, rural electrification.

On the other hand, the industrial development that these countries intend
to pursuve as a very important component of their development strategy should
bring increased consumption of electricity. Finally, the seairch for greater

energy efficiency will result in increasing the role of electricity.

All these factors should »sring about a substantial demand for electric

power equipment.

(c) Strategies

(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 ccnires, training of highly skilled

manpower) .

Technological constraints. In the coming ten years, these

countries must go through an important stage. It is necessary
to commence the production of power station equipment, high and
very high voltage equipment. It is therefore necessary 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, the countries will not be able to make

progress 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 the sector;, the abseace of a clear decisiou and of a

national policy for the development of the capital goods sector.

Activities -and -products. Study and engineering activities will

have increasing importance in the overall process for mastery
of the 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
progress along these lines. 1In 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 foreiga 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 the activities of
planning, feasibility studies and project maaagement. 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 its
history, has been assisted successively by EDF of France, the
USSR (the Aswan Dam and study of long-term electrification

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 procedures 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
commence the manufacture of power station components 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 alternators calls for a very specific approach and
thorough study. This manufacturing activity calls in
particular for the establishment 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.

Implementation

Technology. In the field of the national mastering 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 national industry;

- The establishment of research, study 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 in the country

itself and abroad.

Access to foreign technology is a compulsory step 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 related to the purchase
of licences and the de.elopment of joint ventures and the third
is 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
cransfer of technology has not been ensured and was carried out
badly. The example of Egypt is significant; until 1974, access
to foreign technology was provided by the purchase of licences.
Since 1974, the national authorities have promoted the
establishment of joint ventures, which seem to guarantee better
transfer of technology and which may be the basis for

negotiations regarding the re—export of part of the output.

Linkages ‘with the capital -goods-sector. 1In all the countries

studied linkages are made with the upstream sector when there
is an iron and steel industry, aluminium or electrolytic copper
production and linkages are developed with the local industrial

fabrication (foundry, forge, machining).

However, the trend is towards the organizationn of

subcontracting relationships between the large enterprises and
the small- and medium-scale enterprises in order to benefit to
the maximum extent from economies derived from organization and

specialization.
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In Pakistan this question ..2s been raised since 1965 when a
proposal for a heavy electrical complex was launched. A first
report dating from this period recommended the production of
power transformers up to 132 kV, section insulators up to

132 kV, insulators, motors of 1,000 hp, traction motors and
alternators up to 600 hp. A new study was made in 1974,
without result, and a further one in 1976. 1Ia 1983, a
Committee 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 technology;

-~ To work out a policy for public purchases;

- To encourage the private sector to invest in the electric

power equipment sector.

3.2.7 Group 7. 3emi-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 implements its own strategy. It therefore seemed to be preferable to
elicit from the three country case studies (India, Mexico and Republic of
Korea) the common points between thes2 countries and the points in which they

differ.
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Production, consumption and sources of electricity (table 18).29/

Mexico and the Republic of Korea have similar electricity production figures
(960 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), followad
by MexicogZ/ (20,000 MW) and the Republic of Korea (13,000 MW).

From the point of view of consum.cion, 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
in 1990 and hydroelectricity 14 per cent.zg/ 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 pumps.

26/ The Government production and distribution enterprise were set up at
much the same time (India, 1956; Mexico, 1760; Republic of Korea, 1961).

27/ 1Installed 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 programme. 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 and 107 of 1,000-3,000 kW.




Table 18. 1nstalled capacity and electrcic power consumpliorn
Mexico kRepublic of Kocea Indin —
Atnnual prowth Annual prowth Annual prowth
I rate {(per ceant) rate er cont) rate (per cent)
1972 1953 1996 1972-83 1983-%90 -1972 1983 1990 1972-83 1983-90 1972 1983 1990 1972-83 1983-90
Annual
consumption
tdh ) 2R A2 65,6512 7.9 2,992 40,700 13.6 12.7 91,760 89,810 5.6
Including:
. i
{(per cent) @
Industry 12 12 89 83 70 62 '
/ h/
Others 28 28 11 17 30° 38>
Installed
capacity (Mw) 8,113 20,212 8 8.% 1.6 3,872 13,115 11.7 7.8 16,889 35,389 7.6

a/ 1lncluding 9 per cent agriculture and 21 per cent consumption by houscholds.
Including 16 per cent sgriculture and 22 per cent consumption by households.

b/




Table 19. The sources of clectrie power (per cent)

Republic of Korea Mexico India

1972 1983 1990 1972 1983 1990 2000 1972 1983
Hydro 9 10 14 Hydro 41 33 28 30 Hydro 39 34
Thermal 91 16 47 Thermal 59 66 58 59 Thermal b6 63 |
4]
Nue lear 14 39 Geothermal 1 2.5 2.5 Nuclear 9 3 r
|
Gas 7 6

Nuclear 4.5 2.5
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(b) Studies and engineering activities

In the Republic of Korea, from 1960 to 1970 ail the power stations and
substations were purchased 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 approach, which was considered to be

incompatible with the 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 turnkey approach has been abandoned.

As far as Mexico is concerned, CFE (Comisién Federal de Electriridad) 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 as 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 between 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) The 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 Westinghouse Electric for the
production of distribution transformers, electric motors and distribution
switchboards. Forty-five years later, this enterprise is producing
transformers of 400 kV and 150 WA, SF6 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 te

1,000 hp, very high voltage transformers, SF_ circuit-breakers, 300 MW

6
boilers, water turbines (from 1983). Investments are in hand (Japanese

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 companies to manufacture
equipment for the production, transmission and distribution of electric
pcwer. 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
9/

under licence from KWU (Federal Republic of Germany).z—

In the Republic of Korea, the industry is of more recent origin., The
first low and medium voltage equipment dates 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 degrees of national content for
production equipment (boilers, turbines, alternators): up to 1970, imports;
from 1970-1975, national content 10-15 per cent; 1975-1980, national content
25-60 per cent; from 1930, naticnal content above 60 per cent.




Table 20. 1India:
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Growth of product-mix

The electrical equipment iadustry

Energy sector

1964-1969

1969-1974

1974-1979

Thermal/Nuclear System
Thermal sets

(TG & Boiler)

Nuclear sets
Valves

Soot blowers
Fans

EPS

Pumps

Motors

Heat exchangers
Pipes and fittings
Hydel system
Hydro sets

Pump turbines
Micro hydel sets
Bulb turbines

30

00
100
110
120
210
500

236

Transmission/Dist, system

Transformer

Switchgear

Capacitor

Insulator

Control equipment
Devices

Controlgear

Energy me ers

Solar energy equipment

MW +
MW

+

MW

MW

+ + + 4+ + + + + + +

+ +

+

+ + + +

+ + F +tF 4

+ 4+t o+

+ Indicates the existence of the particular product in the company

product-mix.
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Table 20. India: The electrical equipment industry (cont'd)

Industry sector 1964-1969 1969-1974 1974-1979

Thermo-mechanical system

Industrial TG +
Turbo-compressor +
Centri fugal compressor

Drive turbines +
HSDT

Industrial boilers +
Valves
Pumps +
Motors

Control equipment

Controlgear

Electric drive and control system

AC machines + +
DC machines + +
0il rigs

+ + + +

+
+ + + +
D T T T S T O S T G

Transportation-sector

Traction equipment + +
Control equipment
Controlgear +

+

Others

Gray iron castings + +
Seamless steel tubes

Steel castings

Free forgings

+ + + +

+ Indicates the existence of the particular product in the company
product-mix.
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the Government enterprise KHIC (Korea Heavy Industry Company), set u? 1n
1962. The production of turbines and alternators began ir 1930 and che
objective is to rapidly reach a level of 55 per cent natioaal coatent.
Towards the end of the 1970s, power transformers (345 kV) and SF

6
circuit-breakers (170 kW) were produced.

(d) Some macro-economic data

In India the production of electric power equipment was $US 850 million
in 1978, imports were $US 140 million and exports $US 50 million. The
organized sector includes 150-200 enterprises, including 30 in transformers,

3G in cables and 30 in electric motors.

In Mexico, production of electric power equipment in 1978 was in the
order of $US 1,900 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 per cent per annum between 1971 and 1982.

Small- and medium-scale enterprises represent 40 per -ent of production.

The overzll data of the Republic of Korea are related to the entire
sector of the mechanical, electrical and electronics engineering industries,
representing a value of production of $US 14.5 billion and 544,000 jobs.
Employment increased 4 per cent per annum between 1977 and 1981. More

e e . . 30
significant is the development of imports and exports——/:

Imports Exports Imports/Exports
Annual growth Annual growth ratio
million $US rate (per cent) million $US rate (per cent)
1978 1982 1978 1982 1978 1982
597 750 5.8 149 370 25 4 2

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.
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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 in 1977 to 3 in 1982; imports are about

$US 1,250 million and exports $US 150 million.

(e) The -organization of -production: -The -technology-situattion

In India, one can see the particular importance of the Government
enterprise BHEL, which has six plants and employs 70,000 persons. The outpat
of BHEL covers 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 as regards its heavy nucleus,
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Table 21. India:

Electric power equipment industuy

Products

Ristory

I'roduction

Enterprices

Technolopy

Equipment tor
power pcoduction

Boilers, turhines
and alternators

Water turbines

WNicro power

Transtormers

High woltage
circuit-breakers

Power capavitore

1asulators

Electric wmotors

I'ylons

Contirol eguipment

Up to the end of the Sth Plan (1961-66)
all equipment was imported

Ducing the 1969-74 Plan, the local
content rose to 25%

During the 1974-79 Plan, the local
content rose to 83%

During the 1980-85 Plan, the local
content will be 95-100%

HHEL had identified a need for 519
installations {rom 0.5 to 2 kW

Natinnal cepacity up Lo ADO kV

SFe circuit breakers preferved tor
high voltleges

The necescacy naris f{oc 220 and 400 kv
Lransftormers are not produced

Up to 31.3.83, HHEL produced 136
30-210 MW hoilers - 500 MW hoilers
are planned for 19895-1986

Hoiluces

from 2 MW to 169 MW

Total capscity 34,500 MVA

Cuopscity {or 23,000 u

Capacity for 7, 9 x 10% metric hp

bProduction iz of

90,000 t capacity

Thyrislors

x 10%metric hp

BHEL (FPublic)

ABL (priv.)
HBHEL

BHEL
Jyoti (priv.)
32

€2

12

Originally USSR and

Czechoslovakia, later

KWU (FKG) and

Combuction Eng.

Babcock Willcox .
USSK, UK, later w
Japan and France '

GECLUK - Hitachi

ASEA, Siemenc
GEC

GE, GEC

NGK (Japan)

No further foreipgn
technology

Siemens




Table 22. Republic oi Kocea: Productls manutactured
. Local cuntent
7 Locel a3 ol 198) Soucce of
Equipment Size menufactucec (pere cent) technology
Tcansmission
1. Trensmission 34% k¥ IL JIN I171.¢6
accessories
2. Transmission A.C.S.B. XUK. JAE and 100
line 480 kv sany others
3. 0il filled 154 k¥ Dee - Han 100 Sumitomo (Japan)
cable 2000 class
4. CV (Cross
linked
Polyethelene 134 kV Reum-Sung 100 Hitachi (Jepan)
irsulated and
vinyl sheated)
Powsr cable
5. Suspeasion 10" class Shin Han 1C0 Doulton (LK)
insclatocs Ko Ryve Jozlyn (USA)
6. Tower 345 kV Hyun Dai 100
Class & many olhers
Sub-station
1. Ces iasulsted 345 kv Hyo Sung 49.97 Hitschi (Japan)
switchgear class Heavy Ind. Co.
Ltd.
154 kV As sbove 0.7 As abowe
class
2. Gas circuit- 345 kV As sbove 33.4 As ahove
breaker class
3. Disconnecting a5 kV As sbove 82.8 Meria Cerlin
switch class (France)
154 kV As sbove 83 As sbove
class
4. Iransf{ormer 345 kV As sbove 10 Westinghouse
class (UsSa)
154 kv As above 10 A3 above
class
Distribution
1. Mecloser 27 &V iL 31N 250
class
2. Sectionalizer 27 &V IL JIN 100
class
3. Cut owt switch 25 kV Sen Keung 100
cless L JIn
JONG WON
4. Lighting 18 kv Shin A .i2 OTCWA (Jspsn)
screstors class 1L JIm Legean
edisoc Co
{USA)
$. C.V. cable 22 kv Dae Sung 100
Class snd many
othecs
6. Line Post Wen Yang 100
insulalors and msny
olhers
7. Suspension 1172 Shin dan 100 Douit: » (UK)
clace Ko Pyoe Joslyn (UsA)
8. A.C. Load 27 kv Shin - A 1., Togali (Jepan)
inteccupter class snd meny $.C (ush)
Aic switch others
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In India, existing capacity is inadequate for providing castings of more
than 20 tons. Future installatilons are envisaged for the production of large

turbines and alternators (KWU licence).

In Mexico, a high-capacity foundry and forge are to be established
(Japanese licence) to produce castings of 70-100 toms; a 4,500-ton press is
also to be installed. These investments should make possible the production

of 350 MW alternators and turbines.

In the Republic of Kcrea, it seems that investments have been made
recently at Changwon, so that all important castings and forgings can be

produced.

Whether they are based on the national market (India, China, Brazil,
Mexice) or on an industrial development strategy that is more export-osriented
(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 <t constant 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 industrializing 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 development 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.




N
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4. SYNOPSIS

The salient points of the strategies for each group of countries are

indicated in the following tables.

In tables 23, 24 and 25 for each group of countries the characteristics
of the group, the constraints and objectives with regard tc consultancy and
engineering services, assembly and engineering, maintenance of installations

and equipment are shown,

Table 26 covers the implementation of strategies, emphasis being placed
on the principal agents, relations with the capital goods industry,

technological policy and training and co-operation needs.




enginecering installastions

Table 23. Charscteristics, vonstraints and objectives
Small countries: Fopulation less than % million
- 0OBJECTILIVLES T
Characteristics Constraints Consultancy Services Ascembly & civi) Maintenance o’ Equipment

Group 1 E = 10D kWh/yr Financing of
prograwmes
11 vountries ¢ = 100 - 200 Gwh
Predominantly Very small
ST rural population marke’
Very smell Embyronic
marketl mostery of
technolopy
300 - 1000 workers
) in the engineering
Capital industry and craft

goods indus- type blacksmiths
try almost

non-existent

(craits)
Group 2 E = 500 kWh/yr
is limited
G = 200 - 400 GWh despite the

possibilitives
for implemeunta
tion of elec-
tri{ication

| 9 countrices

Medium-
sized market

Large urban
population

Developing national

electritication cvousultancy bureau

in order to:

1) Define medium &
long- term encrpy
propjramme

2) Carry out feasi-
bility studies anr
tollow-up of
projects

Domestic market The objective for

these countries is
Lo achieve mastery
of consultancy
activilics ac
as possible

gonn

National priority
in order to:

1) Increase the
utilization rate
of installations
2) Train personnel
& improve appren-
ticeship cffects

Nalional priority
in order to save
foreign exchanpe

Complete mastery
of civil enginecr-
ring and assembly
activities

Complete mastery

Very limited
opportunities for
equipment, However,
dcvelopmenl of acli-
vities related to
low voltage cables,
manufacture of
consoles & swilh-~
hoards, and poles
for low & medium
voltage distcibution

fome opportunitics
{or certain coun-
tries:

Cables

Medium and low

voltage pear
Continuous develop-
ment of activities

G Total electricity production.

Limited 1000 - 3000 wor- related to low and
capital kers in the engi- medium voltage
goods neering industry cables

' industry

B I'‘er capita clectricity production.




Table 24,

Characteristics, counstrainls and objectives

Medium-sized couniries:

Population between S5 and 20 million

Characteristics

Constraints

OBJEGCTIVES

éonSultancy services

Assembly & civil Maintenence of Equipment—

engineering installations

Group 3 E = 500 Kwh/yr
20 countries G = 1000 - 2000
GwWh
Small
moeThet

Low capacity Manufacturing in-
for capital dustry 5-10% of

goods the GNP
3000- 5000 workers
in the engineer-
ing industry
Sroup A E = 500 kWh/yr

1Y vountries ¢ = 1000 - 35000

Gwh

Nedium- Manutavturing in-
sized mavket duslry 10-15% of
QLE. Production ot
clecteic power
equipment in sowme
countries: motors
transf{ormers,
cables, etc.

Medium
capacity
for capital

Financing of
electrification
programmes and
Lhe equipment
industrcy

Limited market

Manpower cskills

Market very
close to the
ceonomic limits
(search {or
regional
pactners)

Limited nego--
tiation capa-
city tor the
purchage ot
technology

Developing {ore-
casting and feasi-
bility studies

Supervising assembly
work

Development of engi-
neering activities
in order Lo increase
negotiation capacity
It could he consi-
deved thal consul-
tancy activities

are mastered in the
majorily of{ these
counlries

Some countries will
be able Lo produce
spare parts, medium voltage pear
Repair of certain and equipment

types of equipment (transformers,
(e.p.Llransformers) isolating switches)

Carrying out
civil engineering
studies and work

Total mastery and
production of

Most of Lhe countries have alrcady Several ohjeclives
acquired a grest capacity for maslLery should he pursued:
in Lhese tectors, However, production - Low and medium
of sparc parts on a larger scale voltage cahley
should he taken as an opportunity to Medium voltage
train skilled and specialisl workers. gear
Commencemenl of
production ot
simple cquipment
tor pownrr stations
(metal structures,

hoiler-making work)

am
Houq

Per capita electricity production.
Total electricity production.

- e




Table 29%. Charsvteristics, constraicts and objeclives

Larpe countries: Population above 20 willion

UEIECTIVES
Characteristive Constraints Consultaency and enpineering services

Equipment

Group S5

4 countries wilh

wmedium-sized

wmarkets and Soe Lhe objectives tor the medium cized countries (Croups 3 and 4)
limited capital

goods industry

Ggoup € G:= 10,000 - 20,000 GWh Very high cost of 1. Total mastery of project engineering Commencement of pro-
Manufacluring industry industrial invest- activities (Lechnology unpackaging) duction of high and
1% countries 15% - 20% of GNP ments very high voltage

vquipment and pear

Largr market Production ot #lec- High technologicel 2. Commencement of R&D aclivities Development of Lhe !
Electric power iriv power equipment complexity of the production of cquip- 2
equipment - Low and wmedium vol- cquipment. ment (subascembliex) |
inductry tairly tage equipment Lack of planniny of 3. befinition of a technology import. {or power ctatinng
well Jeveloped - Commencement of high the capitasl poode policy (hoilers,piping,ete)

voltage equipmoent seclor

production Nced {or very highly

skilled statf(

No power station For some counlrics

equipment, or only conmencement of

11ttle the produetion uf

very complesx
equipment (turbine
romponents)

GCroup / N1lCs Very high cost of 1. Mastery of procescs engineering Strengthening of
] investments industriasl capacity

7 countrics 2. Development of HAD activities in the tinldc of:
Market for heavy

vVery lavge market cquipment very close 3. Nuational system for patents and High and very high
1o the economic licenceys vollage cquipment

Righly developed limits and pesr

capital goods

inductry Very high technologi- kquipment of very
cal complexity high complexity

C - Totel electricity production.

[ - [ ]



Smsll countries

Geoup 1

ticoup 2

Nedivm-sined
countries

Group 3

Wedivm-sized
countcies

Group %

Largr countrics

Qrowp §

The priacipsl agents

1) Slale coapany tuc the
generation, treasmission
end distecibulion ot clec
Lric power

2) Netionel sertvices tor
plenning and project
studies

3) Civil engineering
and sssembly enlerprises

1) The Govermmeal, to:
implement tinencing
promote specific
Lraining
Negotiste technical
essistauce

2) Civil engineering

enterprise

3) Electric cadles
enterprise.

1) The Goverament
progremming of public
perchases

- temporacy protection
ot the infsat industry

- definition of techno-
logical policy

2) Netionsl ecmgineering

compenies

3) Mstional industrial

enterprises

4) Knterprises in the

developed countries

and NICs

1) tThe Government
Promotion of nelinnsl
englincering cepebility

Prosotion of s repitel
goods industcy
Progremming of public
purchases
2) Metionsl eagineering
compsnies
3) Industcisl enterprises
4) Tcensnstional corpors-
tions

Teble 26. Implementstion of

Linkege with the capital
goods industry

1) Wullipurpose enginecring
maintensnce swockshop thet can
be used for olher sectors

2) Mullipurpuse sheetl mctal
snd general metsl wocking
shops tor the production of
metal cabinels snd boxes as
well as metsl fucniture and
equipment tour renewsble
energy sources

1) Muitipurpose melsl
stouctures snd boiler-making
workshops {(pyloms, taakz)

2) Multipucpose sheel melsl
sad genecal setsl wockiag
shoup

1) Development of the infrs
structure (foundey. torging,
machining)

2) Development of specialized

subcontracting (hest trestment
surfsce costings)

- Tron and ster=l - melsllurgy
Heavy infrastructure

Subcontrecting

stcatepies

Training sad Lechaoliongical
pulicy

Sepcislized troatning in
mALnt e

Teaining, tor ecoavrgy
planning studies

- Specialized lcaining in

electrical trades

Specialized training for

project studiez

tolicy (or lhe search
for pertrers tor techni
cal sssiztance

- T develop negotistion
capacity

- To select the technolo-
gics to he wmpurted

Technologivsl unpackag-
ing

¥ & D venlcee

Ilan (or the dovelopment
of & capital good, industrcy
IFolicy for the svquisi

Lion of lechnology

Co operation needs

Scepoistized technical
assisten e tor teginang
in the operstion & sainte
nenve ot the installstions

Specielized techaical
assiztence tur the deve
lopaent t nalionsl
counsulténcy scrvices

- Specialized technical
assistsnce for training
in electrical tcades

Acgnisition of techno
logy abrosd tor the deve-
lopsent of s nationsl
electric power equipment
industry
Pariners:

Entecprises in Lhe NICs

Smatl snd medium scale
enterprises in the
developed countries

Transnetionsl corpo
rations




3. CONCLUDING REMARKS

The present economic situat:;on and the development prospects of a least
developed country or a newlv industrtalizing country are very different.
Taking into account the diversity of the real situations within the developing
countries, each conntry could cpecify a more or less unique strategy, both at
the domestic level and at the level of bilateral, multilateral and global
negotiatons, In the present paper, a typology has been proposed, a
classification of developing countries in different groups has been made, that
should mike it possible to prepare concrete strategies for commencing or
developing production in the sector concerned: electric power equipment. This
tvpology leads to orientations regarding a deliberate development policy in

this secror for each of the seven groups studied.

The capital goods sector, of which electric power equipment constitutes
an important parc, is the key industrial sector for national industrial
integration., Taking into account the advantages and constraints of the
countrie= in each group, the production of electric power equipment could be

based on-

(a) A national political! decision clearly stated and concretely

tmp lemens edy

(bY  The recognition of the leading role of national software activities

(studies. engineerine)s,

(¢) The improvement of the bargaining situation vis-2-vis the suppliers

of technalopy,

Fintllv, particnlarly in the case of the small- or medium-sized
conmtrie., it should be noted that the search for regional co~operation
agreement s (hetween <everal eomntries) would mike ([t possible to attain the
critical size for markets for nany products more rapidly. However, so far
vory few examples of indastrial planning covering several countries have vet
taken concrete shape,  Thas, the emphasis in this paper 1« mainly on national

stra n-g:iw: N
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