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Preface 

This study sU111Darizes the internal and external conditions for upgrading 
the electric power equipment industries of developing countries to 3 higher 
technological level. It outlines the main characteristics and constraints of 
different country groups as well as possible general directions of UNIDO 
technical assistance activities are also given. 

The study is based on earlier studies on the electric power equipment 
industry in selected developing countries undertaken by UNIDO's Sectoral 
Studies Branch, under the work programne on capital goods. This includes i.a. 
the second world-wide study on the capital goods industry, a special study on 
a typology and elements of strategy for electric power equipment production as 
wel~ as 11 country case studies on this industry. 
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EXPLANATORY ~OTES 

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., 1~60-1965) indicates the full period 
involved, including the beginning and end years. 

Metric tons have been used throughout. 

The foliowing 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 hlank indicates that the item is not applicable. 

Totals may not add up precisely because of rounding. 

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

the International S1stem of Units (SI), the following abbreviations and 

contractions have be~n used in this report: 

AC 
GNP 
Gwh 
ISIS 
kW 
kWh 
KWU 
:-!PU 
MWe 
R+D 
R, D+D 

Economic and technical abbreviations 

Alternating current 
Gross national product 
Gigawatt hour 
Internatim1al Standard industry Classification 
Kilowatt 
Kilowatt hour 
Kraftwe1·k Union AG 
Multipurpose unit 
Megawatt ~lectricity 
Research and development 
Research, development and demonstration 



1. INTRODUCTION 

Among the industrial sectors the electric power equipment industry is one 
that has matured after a long period of development. Most of its products 
absorb recent developments of automation and control, metallurgical and 
engineering practices and sciences. Thus, its production processes are based 
on numerous inputs from other industrial sectors, e.g. basic metal industries, 
manufactures of fabricated metal products, etc. In other words, the electric 
power equipment industry hes strong linkages to the rest of the national 
economy. 

The scope of its products ranges from very simple ones, e.g. wood pylons 
and poles to sophisticated installations e.g. steam boilers and co-generation 
turbines. 

Previous studies have revealed that the complexity levels of the 
equipment and services needed for electric power equipment industry can be 
grouped into six plains or strata each one characterized by a relatively 
coDIDOn set of requirements for technological capabilities and infrastructure, 
as well as by specific capital output ratios. 

UNIDO's case studies on electric power equipment industry of 11 
developing countries, belonging to different development levels, have shown 
that: 

As countries advance in their industrial capabilities they add more 
complex products to the existing pallet thus showing a gradual 
increase in the product's sophistication; 

There is hardly any evidence of a country jumping over some of the 
development plains. 

The above as well as considerations of a plausible market for electric 
power equipment have resulted in the creation of a scoring system, or 
typology, that devises seven distinct groups of developing countries ranked in 
accordance with countries potential for setting up electric power equipment 
manufacture. The grouping makes it possible to devise strategies for the 
development of the electric power equipment industry which aim at upgrading 
production capabilities and technological complexity of the products whose 
manufacture is envisaged by: 

taking into account the differences in the c0untries manu~acturi~g 
capabilities; 

Taking into account the prospects of the electric power equipment 
industry at the world level and thus increasing the country's 
bargaining power for technology tranRfer; 

Applying systems approach to identify the external and internal 
conditions for upgrading of electric pow~r equipment product~on 
capabilities. 

In most of the de~eloping countries the incentives to increase the 
production of elec~ric ?Ower equipmenL are related to the: 

(a) Indigenous production of imported capital goods that a~e 
characterized by a high value added component and thus are subject tc 
int~rna=ional price increases; 
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(b) Reduction of the foreign currency component of planned power plants 
and of distribution networks; 

(c) Improved capdbilities for international co-operation including joint 
ventures, technology transfer, etc. 

(d) Increased reliability and availability of power plants through 
improved maintenance and supply of spare parts. 

Some of tht salient topics in analyzing the paths for upgrading electric 
power equipment industries are: 

Extensive long-term planning and full governmental support for the 
development of the industry; 

Unpackaging of the projects and technologies; 

Rehabilitation of the existing power plants and capitol goods 
production facilities; 

Extensive north-south and south-south co-operation in upgrading the 
industry. 

In the cdse of the least developed countries issues are particularly the 
start-up problems in the local manufacturing of equipment for decentralized 
electricity supply in rural areas, e.g. medium to small hydro power and wind 
generators. 

Based on information from country case studies, and other relevant 
publications, this report aims at swmnarizing the external and internal 
conditions for upgrading the electric power equipment industries in each group 
of tleveloping countries to the higher technological frontier. 

The conceptual framework for UNIDO's technical assistance progranunes 
advisable for each group of countries will be discussed. This includes also 
an assessment of the needs for training and for development of the necessa~y 
infrastructure. 

The report is structured as follows: 

In section 2.1 an analysis of the existent typology and of the selection 
criteria for each group of countries is made. 

In section 2.2 the technological sophistication of different product 
lines is discussed with an aim at establishing of staircase of the electric 
power equipment product sophistication. 

In section 3.1 the demands and the timing of electric power equipment, 
exemplified by two regional electrification projects are presented. 

In ~ection 3.2 the supply lines linking electric power equipment 
production with the output, or services, of other industries are discussed. 

In section 4 the conditions for upgrading electric power equipment 
production capabilities, as well as t~e conunon constraints and options based 
on the coun~ry case studies are presented. This includes conceptual framework 
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for UNIDO's technical assistance advisable for each group of countries, 
ranging from very small market with low production capacity up to the most 
advanced semi-industrialized developing countries. 

Based on the general analysis, section S presents some main 
reconmendations for increasing _production capabilities of the electric power 
equipment. 
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2. EVALUATION OF ThE EXISTING TYPCLOGIES 

2.1 Typology of the developing countries and of the selection criteria 

The multi-criteria scoring system presented in a LfNIDO publication~/ is 
the typology to be used in the present study. It is based on statistical data 
and covers 92 countries with population bigger than one million inhabitants. 

The elaborated multi-criteria scoring takes into account the following 
factors: 

The size and development potential of the country's domestic market 
for ~lectr:c power e1uipment; 
Th~ potential industrial capacity for conunencing the production of 
electric power equipment. 

The indicators selected to evaluate the market potential for electric 
power equipm~nt are: 

Total population 
Per capita electricity production 
The existing level of import of electric power equipment. 

Industrial capacity and the potential for setting up the manufacture of 
electric power equipment are measured by the value added in all met~! working 
mechanical and electrical engineering industries. The selection is justified 
by the simil3rity of the technologies used, of the skills needed and of the 
existing links between the mechanical and electrical engineering industries. 

To sum up, the classification of the councries is based on four 
statistical indicators: 

Population; 
Per capita production of electricity; 
Import of electric power equipr.1ent; and 
Value added in the metalworking, mechanical and electrical engineering 
industries. 

As can be seen from the above, the suggested typology is made in terms of 
potential capacity for developing production of electric power equipment and 
market potential for it and not in actua~ (effective) demand or markets. 

A clear distinction must be made between effective demand and potential 
demand or market potential. 

Effective demand for electri~ ;->ower equipment is that portion of the 
potentia~ that is realized on the market under a certain set of determining 
factors, subject themselves to both controllable and uncontrollable events. 

!/ Electric power equipment production in developing countries: a 
typology and elements of strategy, UNIDO/IS.509, Sectoral Working Paper Series 
No • 26 , 198 5 • 
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Thus, the task of evaluating the effective demands requires consideration 
of those determining factors and asse~sment of opportunities to minimize the 
demand evaluation error under the exi~ting uncertainties. The same 
distinction applies to prod~ction capacity. 

Since the present study aims et establishing criteria for upgrading the 
electric power equipment industry to higher complexity levels the effective 
demand and production capacity will be considered hereafter. 

Another methodological drawback that deserves mentioning here is the 
macro- micro-level dichotomy with respect to the information used for 
identification production capabilities. The latter is based on the available 
aggregated macro data on the level of three digits !SIC code, e.g. groups 711, 
714, 716, etc. or even on the industry level, e.g. mechanical and electrical 
engineering industries (!SIC, Division 38). 

The assessment of a country's capabilities definitely should be conducted 
at a much more disaggregated level, for example at products level. 

Some additional disadvantages common to all formal scoring systems are: 

(a) A bias towards more economic than political input. Statistical 
systems are inevitably geared to the availability of data. This tends to 
introduce a bias towards more economic input than political input. It also 
means that important intangibles, or factors for which data are sparse, may be 
left out. 

(b) Inflexibility. If a system is based on statistical indicators it is 
difficult in practice to include all variables that may be relevant for each 
country. 

However, in spite ti1e above quoted drawbacks, the formal scoring system 
has the following advantages: 

(a) It enables compariso1s between countries on a direct statistical 
basis; 

(b) It serves as a cross-check against subjective assessments; 

(c) It provides a format for systematic investigation. 

The classification of countries in accordance with the four chosen 
cr;teria is presented in table 1. All terms in it, with the exception of the 
potential production capacity, are self-explanatory. 

The potential production capacity has been subdivided into five classes 
as follows: 

(a) Low capacity for starting and of developing the manufacture of 
electric power equipment: countries with total present value of produced 
capital goods less than $US 20 million; 

(b) Low to mediwn capacity for starting an~ of developing the 
manufacture of electric power equipment: countries with total present value 
of produced capital goods between SUS 20 million and SUS 60 mill1on; 
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(c) Medium level development capacity: countries with capital goods 
pr~duction between $US 60 and 300 million; 

(d) Large development capacity: countries with value of capital goods 
production oetween $US 300 and 2,000 million; 

(e) Very large development capacity: countries iacking merely a few 
elements of a complete electric power equipment industry and with value of 
capital goods production more than $US 2,000 million. 

One additional indi~ator not included in table 1 would be the 
geograptical distribution of the countries from the groups 1-7. !his 
indicator can be useful when discussing the options for regional co-operation 
and their impact on the status and the trends of electric power equipment 
production. 

Along the above lines, simple statistics show that the low capacity 
diagonal of table 1, namely groups 1, 3 and 5 includes 20 of the 
26 sub-Saharan African countries considered in the typology. It i~ likely 
that the 17 sub-Saharan countries absent from the table 1 will fall within the 
same low capacity diagonal. The country listing is supportive to that claim: 
Benin, Botswana, Burundi, Cape Verde, Comoros, Equatorial Guinea, Gabon, 
Gambia, Guinea, Guinea Bissau, Lesotho, Mauritius, Namibia, Niger, Rwanda, 
Seychelles and Swaziland. All these countries have low per capita e~ectricity 
consumption and their industries are at an embryo ~c development stage. 

Therefore out of the new total of 52 low capacity countries 39 (75 per 
cent) belong to sub-Saharan Africa. This outstanding over-representation 
determines the special attention given to the problems of that group of 
countries later in this analysis. 

The remaining 25 per cent from the low potential diagonal include 8 Latin 
American, 4 Asian countries and 1 Arab country. 

2.2 Grouping of electric power equipment products and services and their 
complexity level 

In the early stages of development of the capital 60ods sector there is 
very little differentiation between the metal processing and the machine 
producing sectors. It is claimed that there is at this stage a technological 
convergence between Lhe two sectors in so far as the same technologies are 
used to produce both machinery and the end-products uf the metal-processing 
sector. The specialization and the differentiation occurs at a later stage 
when the product·ion of more sophisticated capital goods is attempted. 

It has been recognized that in both developed and developing countries 
parts of the capital goods sector have evolved in essentially similar ways. 

In the first stage some firms in thP. metal-processing sector, e.g. some 
companies in Gh~~a and Tanzania currently begin to specialize in 
manufacturing, repairing and producing spare parts for machinery. At this 
stage there are no barriers to entry since the necessary capabilities and 
equipment are the same or very similar to their previous ~etal-processing 
activities. 
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In the second stage some of the firms begin to produce relatively simple 
machinery. In this stage the barriers to entry are still low and firms may be 
assisted by a combination of a variety of factors, for example, abundant and 
cheap labor, local and inexpensive raw materials (use of scrap metals), 
relatively simple designs allowing easy imitations, etc. 

In the third and subsequent stages technological capabilities are 
progressive!:• upgraded leading in final stages to the ability to design 
internationally tradable efficient machinery. 

The above general framework of the development of capital goods industry 
has been translated in the study "Electric power equipment production in 
developing countries: options and strategies"~/ into the following groups 
of electric power equipment manufactured goods and services that form 
subsequent levels of development: 

Level 1 - Basic goods and services 

Electric power equipment products - items based on indigenous materials, 
e.g. wooden distribution poles, some isolators, etc. 

Services - civil construction. 

Main characteristics - uses almost unprocessed local materials, is labour 
intensive and needs a very low capital layout. 

Level 2 - Low technology goods and services 

Electric power equipment products - Fabricated metal products, simple 
electrical machinery, e.g. metal transmission towers, twisted wire, etc. 

Services - in-country ability to develop plant design and detailed 
specification, the ability to assemble and install equipment, specifically 
thermal and small-scale hydro equipment, the ability to design and to develop 
rural distribution systems. 

These products lay the ground for establishing the linkage between the 
electric power equipment sector and the rest of the economy at two levels: 

(1) Skill level- by borrowing the needed similar skills from the other 
sectors; and 

(2) Inter-industry level - by acquiring a flow of goods and services 
from the other industrial sectors. 

Main characteristics - low level of technological sophistication, labour 
intensive, l~w level of required capital layout. 

This group makes a substantial contribution to decreasing the imported 
component of the electric power systems. 

~/ Electric power equipment production in developing countries: options 
and strategies. An analysis of eleven country case studies, UNIDO/IS.507, 
Sectoral Working Paper Series No. 25, 1985. 
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Level 3 - Medium technology goods and services 

Electric power equipment rroducts - distrib~tion equipment, switchgear, 
small scale motors, insulators for high voltage suspension systems, etc. 

Services - construction supervision is done by nationals (not by 
expatriate personnel). Construction of the substations and transmission 
systems is done by local firms. 

The process of technological transfer starts to take place. 

The capital intensity of the production processes increases and so does 
the requirement for specialized skills. 

Level 4 - Moderately advanced goods and services 

Sophisticated electric power equipment products - power and substation 
transformers, large AC motors, water turbines, etc. 

Services -- high level design capabilities, e.g. modeling of the 
performance, materials testing and R&D capabilities. 

This group needs a developed industrial structure, skill differentiation 
and substantial capital/output ratios of production. 

Mastering of the production processes needs licensing and agreements on 
transfer of technology that are controled by few multinational corporations. 

Level 5 - High technology goods 

Electric power equipment products - high capacity boilers, steam 
turbines, electric generator sets, measuring and control instruments, 
equipment for nuclear power plants, etc. 

This plain needs mature industrial structure, especially developed 
~ngineering and metallurgical industries, highly qualified labour and very 
high capital investment. 

Level 6 - Very high technology items 

Electric power equipment products - mostly goods not produ~~· in 
developing countries, e.g. gas turbines, the higher range of me< 1rement and 
control equipment, computers and computer based dispatching and control 
centers, complete nuclear power plants, etc. 

There is evidence that the production of gas turbines and some of the 
lower range computers will start soon. The latter development is sp~eded up 
by the spreading of microelectronics indirectly affecting the electric power 
equipment, i.e. in instrumentation and control, computer aided design and 
manufacturing. 
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3. DEMAND FOR ELECTRIC POWER EQUIPMENT 

3.1 Needs for electricity in the long run 

The growth prospects for the electrical power equipment industry are 
closely linked to the evolution of electric power production and subsequently 
to the power plants investmer.t prugramne that determines the size of the 
market for electric power equipment products. 

Two regional examples will exemplify the scale of envisaged developments: 

(a) The UN Economic Co111Dission for Latin America (ECLAC) has estimated 
for the period 1980-2000 an increase in electric power production capacity of 
140,000 MWe for the hydroelectric power plants and 43,000 MWe for the thermal 
power plants, implying ~he installation of about 1,000 hydro-turbines rated at 
142 MWe and 250 thermal units rated at 172 MWe; 

(b) The UN Economic Coamission for Africa (ECA) claims that during the 
period 1978-2008 an increase of 133,000 MWe hydro capacity and of 24,000 MWe 
thermal capacity is needed for the continent's revival. That implies the 
installation of 940 hydro-turbines, rated at 142 MWe each, and 140 thermal 
units rated at 172 MWe. 

The cost of the corresponding equipment, including the needed 
transportation and distribution networks, can be estimated at more than 
$US 250 billion for ea~h of the above regions, not including the investment 
for rural electrification schemes. 

Ambitious bright dev~lopment prospects have been revealed in UNIDO's 
country case studies. The available country data or projections of installed 
electrical capacity for 198~, 1990 and 1995 given in MWe are: 

1986 1990 1995 

Algeria 2,900 4,900 13,000 
Bolivia 567 776 1,150 
Colombia 8,090 9,650 13,980 
Egypt 9,443 10,890 16,500 
Indonesia 5,245 8,616 16,132 
Rep. of Korea 16,570 20,464 
Mexico 22,600 29,063 41,600 
Paki~tan 6,414 10,900 20,632 

Source: Electric power equipment production in developin~ countries: 
options and strategies. An analysis of eleven country case studies. 
Statistical data, UNIDO/IS.507/Add.l, Sectoral Working Paper Series No. 25, 
1985. 

This growth prospects constitute an enormous prospective market for 
electric power equipment products and the sheer size of it emphasizes the need 
for and the urgency of developing and upgrading of the industry. The 
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inevitable time lag of 5 to 10 ye~rs between the point of taking a decision 
for creating a high~r level electric power equipment production line and the 

.delivery of the final products should not be overlooked. 

3.2 The electric power ~nt and the capital goods industry 

The electric power equipment industry is not a prime-mover of and/or an 
Entry route into the capital goods sector. On the contrary, its development 
depends upon the existing level of the capital goods industry, engineering 
skills and supply of intermediate goods. This statement is supported by the 
structure of the construction co~t of coal power plant, the two types of hydro 
power plants and of the transmission and distribution network presented in 
table 2. 

The fabricated plate products (!SIC groups 3813, 3819) including 
manufacture of structural components, boiler shop products, sheet metal 
components of buildings and valves pip~s and fittings constitute around 
16 per cent of the cost of both types of hydro power plants, while they make 
18 per cent of the cost of the transmission and the distribution lines up to 
48 per cent for coal fired power plant. 

These figures demonstrate the importance of simple metalworking 
operations in building power plants. These operations are very labour 
intensive and require relatively low skills level. The cost cf physical 
inputs, e.g. angle iron, channel beam components, etc., is low compared to the 
cost of labour. 

Another important result f~om table 2 is that the total cost of engines 
and turbines, electrical equipment, instrumentation and control equipment 
amovnts to 25 per cent for the coal power plant and around 44 per cent for 
both types of hydro plants. 

The importance of mastering civil engineering work for the hydro plants 
is underlined by the 32 per cent share that construction equipment and 
machineries have in the total construction cost. 

For the construction cost of transmission and distribution lines, beyond 
the fabricated metal products that have been discussed above, the main items 
are non-ferrous materials (mainly cables and wires) with a share of 
30 per cent and electrical equipment (mainly transformers and circuit 
breakers) with 32 per cent, but also instrumentation and control equipment 
demanding more than 8 per cent of the construction cost. 

The design and engineering costs can be estimated as 10 per cent from 
total construction cost for all facilities. 

The production of equipment necessitates also extensive links with the 
supporting manufacturing facilities, e.g. forging and casting, as well as for 
multitude of specific material inputs like the rolled silicon steel for 
distribution transformers or thermal insulation. This factor should be taken 
into account in considering the figures below. 



- 12 -

Table 2. Structure of constructjon cost per unit of capacity (perc~ntage) 

Product - equipment 

Primary iron and 
steel manufacturing 

Fabricated metal 
Froducts 

Non-ferrous lllt!tals 
manufacturing 

Chemical products 

Petroleum products 

B~ilding materials -
stone, clay and glass 

Lumber and wood 

Miscellaneous materials 

Engines and turbines 

Electrical equipment 

Construction equipment 
and machineries 

Material handling 
equipment 

Instrumentation and 
control 

Generdl industry 
equipment 

Capital cost 
asswnptions 
($US/kW el) 

Coal 
power 
plant 

1.10 

48.80 

2.20 

0.46 

1. 71 

2.91 

1.Sl 

4.00 

18.01 

4.53 

5.60 

1. 74 

2.66 

4.38 

1,000 

High dam 
hydro power 
plant 

0.28 

16.00 

0.14 

0. 76 

1.00 

1.40 

1.30 

2.00 

34.70 

8.30 

32.40 

o. 77 

2.67 

2,000 

Earth dam 
hydro power 
plant 

0.27 

15.65 

0 .1.:. 

0.80 

1.00 

3.92 

1.30 

34.30 

7.88 

32.10 

0.68 

o. 34 

1,500 

·--------------

Transmission 
and distribution 

1.20 

18.10 

30.04 

0.54 

1.11 

5.33 

1.78 

31.81 

2.30 

8.06 
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4. C~NDITIONS FOR UPGRADING THE ELECTRIC POWER EQUIPMENT PRODUCTION 
CAPABILITIES IN DEVELOPING COUNTRIES 

4.1 External conditions 

4.1.1 Main constraints related to country groupi_!!g 

Among the broad set of constraints checking the development prospects of 
electric power equipment industry in developing countries the following 
external and internal factors have been singled out in the previ~us UNIDO 
studies: 

(a) Governmental action - lack of defiw-.1 governmental policies and 
strategies, perceptual constraints in allo.'.:atii;g offers, etc. 

(b) Market size constraints with three components: indigencus and 
perceived export demands for electric power equipment products and their 
timing (production schedule); 

(c) Lack of adequate consultancy capabilities that would supp~rt 
indigenous equipment production; 

(d) Technological complexity of equipment, difficulties in the transfer 
and mast~ring of technology; 

(e) Scarcity of external and internal capital for financing needed 
investment for both power sector and electric power equipment industry caused 
by: 

Lack of a stable cashable income of the utilities; 

Lack of negotiation skill and capabilities for financial engineering 
of project; 

Underdeveloped capital mo.rkets and general capital scarcity. 

(f) Policies of the funding agencies for packaging power projects that 
effectively exclude participation of the indigenous infant industries; 

(g) Lack of supporting industrial activities, e.g. casting, forging, 
heat treatment, etc.; 

(h) Bottlenecks in supply of raw materials and intermediate goods; 

(i) Lack of standardization and proper quality control. 

The main characteristics and constraints of ·iifferent country groups as 
related to electric power equipment industry are swnmarized in Table 3. 

The constraints presented concern activities related to the indigenous 
production of electric power equipment as well as those needed for 
successfully puttin~ into operation and maintaining the electricity 
generation, transportation and distribution facilities. 
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11. production: 
total 10,000 to 
20,000 CWll/yaar 

Nanufact.urina V.A. 
1st. to zst. of c•P 

1 new 
l.ndustrlallHd 
countri•• 

Cov•MUMntal 
pollciH 

Weak 1upport 
of r•alonal 
co-operaHon 
for trade and 
production of 
alactrlc power 
aqulpMnt, 
aublldhad 
electricity 
prlcH 

Lack at policy 
1uppc rt.1 va to 
electric pow.r 
aquipMnt 
lndultC'J', 
IUblldl.Hd 
alactrlclty 
prlcH, low 
naaoUaUon 
power 

... d tor 
lntaaratad 
plannina of 
capital 1ood1 
Hctor linked 
to iaanpovar 
davaloPMnt; 
lack ot laall­
latlon tor 
protac t.lon, 
tac:hnoloay un­
packa1in1 and 
tran1far, etc. 

NHd tor 
1tM.1ctural 
chana•• away 
fro• the 
aaturatad 
market tor 
hHVJ IPI; 
naad advanced 
l•1I1lallon 

Flnancln1 

I.OW Hlf­
tlnancln& 
ratio of 
utllltlH, 
lack ot 
flMnchl 
•n1lna .. rln1 
capabllltlH 

I.ow Hlt-
f1nancln1 
ratio of 
utllitlH, 
lack at 
flnanclal 
•n1lnaarln1 
capabllltlH 

Hl&h capital 
output 
rat.loa; naada 
davalopad 
capital 
urkat• 

vary high 
capital/out.­
put. ret.lon1; 
nHdl 
developed 
export 
financina 
facllith1 

~~~~~~~~~~~~-~~~~ ~~~-·-~~~~~~ 

C 0 • I T R A I • T I 
Standardisation Con1ult1ncy 
quality control 1arvlc•1 

Lack ot r•alonal 
lack of 1quippad 
laboratorl•• for 
ldapendant 
quality control 

Lack of natio,1al 
or raalonal 
1tandard1, lack 
of laboratoriH 
tor tHtina and 
qual lty control 

scarcity ot 
aqul.ppad 
labora~orl•• for 
independent 
quality control, 
lack of raaional 
1tandard1 

a.~ ~ of national 
~Y1ta11 for 
patent• and 
llcencH 

CapabllltlH 
for: project 
•n1inHrin1 
alllad at 
incr••llna 
n•1ot1atlon 
power and at 
incrHHd 
local content 

l.ack of capa-
bllltiH tor: 
11adlwa to 
lona tar11 
plannlna, 
fHllbllltJ 
1tudla1, 11 ta 
Hlac:tlon, etc. 

scarcltr of 
raaaarch, 
ll•tv•lo,...nt 
and da11on-
1 trat1 on 
11arviCH 

I.Ack of cot1-
prahanllva 
conceptual 
an1lnHrln1 
capabllltlH 
for export 
orlantad 
projact1 

AIHllbly and 
Nintan1nce 

ltill low 
availablllty 
of power plant• 

A11 ... bly under 
th• 1upa:"Ylllon 
of aqulp ... nt 
1uppl1ar, lack 
of 1klllad 
paopla 

"anut1cturln1 ot 
al. power equip. 

Tac:hnolOIY 
u1tarad up to 
th• .ll!ILJ: 
... diUlll tAchnoloar 
Partial entry 
lnto llllU: 
MOdarataly 
advanced 1ood1 
and Hrvlc•• 
1u11 hlah 
production co1t1 
Quall ty control 
probla111 

l.111ltad 
production 
capabll itlH. 
Th• actlvitlH 
ara related to: 
l.w.L.11 ball.c 

1.ack of 
1upportlva ln-
du1trlal aactor• 

Tac:hnolo&Y 
u1tarad up to 
th• 1.U!.L!: 
11odarataly 
advanced 1ood1 
and urvlcH 
'rOll lJllLlr 
h11h tachnolo11 
1ood1: n•allalbl• 
p.-oductlon of 
aqulptHnt tor 
power 1ta~lon1 
lntry in an c.ll-
1opoli1tlc ••rkat 

Tac:hnolol)' 
111a1tarad up to 
th• .l.l.U.lj: hh•· 
t.achnoloar 1ood1, 
entry Into th• 
lHt l.UJ1 .i: 
vary hl&h tac:h­
nolo&Y ita111a 

..-
I.I' 



I - 16 -

These activities can be s:•;':>d'..vided i~1to three phases, namely: 

(a) Preparatory phase: Long-ran~e deonand-supply analysis; research, 
demonstration and development; project definition; feasibility studies; 
pre-design activities; project engineering; preparation of tender documents; 
procurement of equipment and materials; 

(b) Implementation phase: activities in th~ s~ppliers far.tories, 
including: 

(i) 
(ii) 

(iii) 
(iv) 

Design of the equipment and setting up of quality standards; 
Production; 
Quality control; 
Timely delivery. 

On site activities, including: 

(i) 
(ii) 

(iii) 

(iv) 

Civil works of various kinds; 
Supply and construction of ancillary facilities; 
Installation of low to medium technology and auxiliary 
equipment, i.e. low pressure piping, electric installations, 
pumps, funs, etc. 
Assembly of main equipment, e.g. high pressure pipes, boiler, 
turbogenerator, etc. 

(c) Exploitation phase: operation, maintenance and repair. 

4.1.2 Financing electric power equipment development 

Within the developing countries virtually all of the larger projects for 
expansion of the electricity supply system are funded through international 
bileteral and multilateral agreements and by conmercial banks. As a result of 
that the international financial conununity has acquired a tremendous influence 
upon the structuring of power projects and an impact upon the purchasing 
policies for electric power equipment. 

The country case studies on one side have pointed out that the policies 
of international funding agencies can constrain the development of indiy~nous 
electric power equipment industry but, on the other side, they have sh0wn that 
the lack of thorough understanding of facilities made available to developing 
countries by funding institutions can lead to misuse of funds for purchasing 
of only imported equipment or services. 

The average annual investment requirements for electrical power 
development in the developing countries have been estimated by the World Bank 
at $US 60 billion, distributed as shown on figure 1. The biggest share of the 
pie goes to the hydro-electricity projects (36 per cen~) followed by 
electricity transport and distrihution networks (31 p~r cent). 

The Bank's estimatP.S are that foreign currency contribution amounts to 
$US 20 billion, leaving the rest of $US 40 billion per annum to be financed 
through countries internal sources. To the above must be added the financial 
requirements for the investment in the electric power equipment industry. 
They can amount to as much as 20 per cent of the power sector investment cost 
mainly because the electric power equipment ind115try is characterized by a 
capital intensity sharply i~creasing with a product's technical complexity. 
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Figure 1. Developing countries' requirements for power, production 1982-1992 
($US 60 Bio.) 

Geothermal (l"L,) 

N.11clear (8'%.) 

Hydro (36 .3'%.) 

F:gure 2. External lending for power sector, 1975-1980 ($US 70 Bio.) 

(36.6%) 

Multi.aid 

Source: Trancard Guy, Development of the electric energy capital goods 
ir.1ustry: financial aspects, UNIDO, 198S. 
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The principal sources of foreign financing in the 1980s (see also 
figure 2) were: 

"Multilateral aid": the World Bank together with the regional 
development banks have contributed on an average ZO per cent of the 
loans granted; 

"Export credits" of the industrialized cot:ntries represent about 
36 per cent; 

Coonercial banks participation has contributed 32 per cent; and 

"Bilateral aid" on preferential terms amounted to 11 per cent. 

Every source of financing differs in respect of conditions 
and terms imposed to the borrower. 

Some creditors like the World Bank have allowances for easing local 
participation in power projects by breaking down the prcj~cts into series of 
lots and by allowing the local tenders price margin up to 15 per cent compared 
to the foreign offers. 

Others, like the export credit systems of some industrialized countries, 
provide thP option for incorporating up to 30 per cent of the equipment 
produced within the borrowing country, when reciprocity agreement exists. 

In the last years the debt burden on the economies of most developing 
countries increased enormously thus curtailing their future borrowing 
capabilities. 

In this context it can be expected that an increasing part of the 
purchases of electric power equipment capital goods or equipment needed for 
the development of electric power equipment industry will be conducted within 
the framework of barter or compensation agreements. This form of trade, being 
conmon among the developing countries, if spread to more electric power 
equipment products, can be a strong boost to the South-South co-operation. 

A substantial part of the demand for foreign capital should anyway be 
financed by borrowing through the internatio~al facilities. 

The skill of financial engineering of electricity production and 
electricity power equipment projects acquires paramount importance given the 
variety of advantages and constraints of the various modalities corresponding 
to each financing source or bart~r agreement. 

The bulk of the financing needed for power projects, estimated by th~ 

World Bank at $US 40 billion per annum, should come from the countries' OWi' 
internal sources. 

However, experience has shown that most national power ~ompanies in 
developing countries have not been able to consistently meet self-financi~g 
ratios of 20-30 per cent over time. 

The reasons for this low performance are numerous and country-specific, 
but the main ones can be SWlllled up, ~s: 

(a) Low capital accumulation caused b}' inadequate tariff increa:,es, 
coupled with rising unit investment and fu~l costs; 
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(b) Slow collection of payments from the customers; particularly from 
municipalities and other g~vernment agencies; 

(c) Low capacity utilization and high transmission losses; 

In order to be able to finance the local cost component of investment 
prograJ1111es internally, utilities have been forced to borro~ foreign exchange. 

This and other shortfalls in utility financing capabilities have forced 
some governments to create new sources of medium- to long-term local 
financing, as well as to increase contributions from the public budget for 
project financing and direct equity injections to national companies. This 
has endangered utilities expansion plans by forcing them to compete for scarce 
public resources with other high priorities sectors of the national 
economy. 

To soften the financing constraint and thus create concitions for 
upgrading their electric power equipment industry, developiag countries will 
have to develop a policy framework for attracting the pcivate and public 
capital needed, as well as for i~proving the mobilization of domestic public 
resources, particularly by the utilities. 

Typical for this trend is the decision of the Indian "Coomittee on Power" 
to set a target, and to create conditions for its realization, so that 50 per 
cent of the investment would be covered through self-financing of the electric 
power production and distribution companies. 

4.2 Internal conditior.s 

4.2.l The role of the government in upgrading the industry 

Government policy has direct effects on the demand for capital goods and 
by influencing all the other demand-determining factors can also be expected 
to exert major indirect effects. 

In many developing countries the emergen~e of industry and thus derived 
demand for capital goods has been, generally speaking, the outgrowth of a 
broad import substitution policy, with tariffs as the main ins~rument of 
protectionism. 

However, these policies have not always been consistent or coherent in 
all countries, and have been to a large extent governed by tax revenue and 
other financial objectives of the governments involved. 

The policy of import substitution has otten resulted in high tariffs for 
consumer goods and respective derived demand for capital goods. At the same 
time, the low protection imposed on capital goods has caused much of this 
demand to be met through imported items. 

The lack of continuity in industrial promotion measures has been an 
outstanding feature of many industrial promotion policies. Governments have 
provided varying levels of guidance, credit, direct investment and support by 
financial institutions. Technical advice, trdining and research has often 
been markedly inadequate. 

In short, there is a long way to go before a consistent, co-ordinated and 
integrated industrial strategy emerges in many of the developing countries. 
Until this is achieved, industrial activity and the resulting demand for 
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capital goods will be at a suboptimal level; a large part of whatever demand 
exists will be met throu&h i~ports and not through increased local capital 
goods production. 

In those developing countries which have achieved progress in electric 
power equipment production the governments have played a decisive role 
emanating from the governmental control on the entire energy system and in 
particular on the genP.ration. transmission and distribution of electricity. 

Government action in most cases tends to be concentr~ted on: 

(a) Planning of capital goods industry. setting up priorities and 
allocation of scarce resources; 

(b) Education and training of industriai manpower; 

(c) Establishing of financial and tariff policies; 

{d) Pursuing purchasing policies supportive to indigeno~s electric power 
equipment; 

(e) Establishment of engineering. technical support and research and 
development capabilities; 

(f) Establishment of standards and quality control; 

(g) Creation and development of production units; 

(h) Negotiation of regional co-operation agreements. 

4.2.2 Technological capabilities and policies 

(a) Manufac~uring capabilities 

The evalu3tio~ of the status of electric power equipment production of 
the 11 countries surveyed by UNIDO, elaborated in an earlier UNIDO study and 
displayed in table 4. sho~~ along some general country and energy 
characteristics, an approximation of countries manufacturing capabilities. 

These capzbilities are judged by ranking country production of electric 
power equipment into six plains of increasing technological complexity 
starting from basic materials and services (level 1) up to very high 
technology items (tevel 6). 

From table 4 it can be seen that production capabilities even of the 
countries belonging to group 7 dif~ar substantially. While India and the 
Republic of Korea have mastered almost the full pallet of good and services 
u~ to high technology level (level 5), i· Mexico only selected specific items 
from the same cluster have been mastered. The spread is even more visible for 
surveyed countries from group 6: Algeria, Colombia, Egypt and Indonesia. 
While in mastering electric power equipment technology Algeria and partly 
Pakistan have approached the production capabilities of some group 7 
countries, the rest - Egypt, Indonesia and Colombia lag behind. 

These limited technological characteristics and, in some cases the lack 
of manufacturing capabilities, ii much more visible in least dev~1oped 
countries, in our case those bel1nging to the low capacity diagonal of table 1 
- groups 1, 3 ~nd S. 
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Table 4. Manufacturing capacities of case study countries 

I11di1 1!!!.IOrH llt1ico Algeri1 Colotbi1 £112t l11donesi1 P1kist11 lolni1 C.uroon r111c111i1 
Countrr Cius 7 7 7 ' ' ' ' ' l ~ l .. 
Popul1tion 1illion 69U n 71 20 26 4l 150 as ' ' 19 
lncotesS/Tr/person 170 UilO 9il4 llO 790 430 ., 200 250 w l7 
kwti/rr /Ptrson 2l0 100 1980 mo 1260 550 450 llO 570 no 270 
flVA/Tur lluc lear 94 942 82 0 0 200 0 0 0 0 

Ther11l JS94 0 159i 2ll 42 901 ll81 Sl6 9 0 
Hydro 1205 l19 692 0 603 90 402 l22 ll 25 
OU.er 0 0 u 0 0 0 50 0 0 0 
54ibs 0 5938 792 5447 2755 176 

11/Ter Trans um 1092 2157 m 16'7 mo JOO 
Dist 006' 7002 7500 !650 2571 sm JOI 

P!1i11 l: Basic ltets 
llaint. ind Oper 11 II 11 11 11 11 C/I I Cl 
Distr Poles 11 11 II Al c Cl 12 12 II 
Civil COflstruction 11 II Cl Cl II c Cl 11 

Pl1i1 i: LOii Technolog1 fleas 
Distr Hirdttare Al 11 Cl 11 II 12 
Trans TOllfrs Al 11 Al 11 II 11 12 II C2 
Distr Transfor1ers Al A2 Dl Cl C2 C2 I II 12 
D1str C.ble Al 11 12 11 l2 11 12 12 
ACSI llirr Al II ll 12 II II 12 12 
Copper llirr Al 11 II 12 II II 12 
Plant Des+spec Al Dl Cl Cl 11 I Cl 
Asselblr•Inst1ll II DI Cl Cl II c Cl 
Rural 01st Constr I. II II 11 I II Cl 

Plain l: lled!ul Technolog1 ltees 
Distr Equ1p1ent Al 11 II II C2 12 11 
Dis tr S.i tchgear Al II ll 11 Cl 12 Cl 12 
Suspension lnculat Al 12 fl C2 11 
lled+Saa 11 llo tors Al Al 13 Cl 11,Cl 12 11 12 
Surerv is ion 11 Dl Cl Cl II c 11 
SubsU Constr II Cl Cl 11 Cl 
Tr ans Constr II 11 Cl II I Cl 

Plain 4: lloder1telr Advanced Technolog1 Iteas 
Po~er Tr1nsfor1ers Al A2 12 CJ C2 
Subst Transforaers Al A2 12 ll Cl C2 I 
Lirge AC llotors Al ll ll ll Cl,Cl 11 
llater Turbines Al ll ll Cl,Cl 11 
Post (11s~J1tor1 Al II II II 

Plain S: H1g! Techno!Qgf 
loilm Al CJ Al 
Other Pl111t Equipt Al Cl Cl 
Steaa Turbines Al Cl 
Electric 5fnerator •1 CJ II 
Trans S.itchgur Al 12 ll Cl 
lusllings Al 11 
Trans C1blr Al 12 I Cl 
llrtrrs Al ll D2 II 
Stlt ic Convtr ters Al ll 
Inductors ll Cl 
~!l!acitors 11 II 

Pl1in 6: V!'! •i9h l!Chnol21I ll!!1 
51s Turbines c 
DISPICh1n9 and COlltrol 
1111nfrm• c211!utrri 
Notes: A • producti1111 for t1port ind inttrn1l •st 1 • i11ttrnal fundin9 1nd ttehnol09r 

I • product1oa for intrrnal ust OlllJ 2 • Lict11st 1rra11ot1ant •1th DC's 
C • 'roducts less t•1n •alf of nttds l • Joint Yteturts •illl IC's 
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The mastering of technology in these countries appears to be at the first 
and second development stages (as described in section 2.2) where companies 
have began to specialize in manufacturing/repairing of machinery and/or the 
production of relatively simple machinery. The case studies completed for 
three countries belonging to the group 3 underline the above statement. While 
most of the ite@s included in level l have been ma~tered (see table 4), 
scattered activities exist in level 2, related mostly to the production of 
cables, wire and distribution transformers. Finally, the only medium to small 
electrical motors and some insulators are produced from the items belonging to 
leve! 3. 

The above comments do not diminish, but rather underline, the validity of 
the findings from UNIDO's case studies on electric power equipment industry of 
11 developing countries, namely that: 

As countries advance in their industrial capabilities they add more 
complex products to the existing pallet thus showing a gradual 
increase in the product's sophistication; 

That the countries which produce electric power equipment consistently 
progress from a simple, low numbered, manufacturing capacity group to 
a higher numbered group in a monotonous fashion and that it ~ould be 
hard to expect a country to jump over any technological complexity 
level. 

(b) Unpackaging of projects and technologies 

Time sequence for power project implementation is the first factor to 
consider when discussing the unpackaging options of projects and 
technologies. In the case of building a conventional power plant this 
includes: 

(i) Preparatory phase: 
(1) Long-range demand-supply analysis; 
(2) Project definition; 
(3) Feasibility study; 
(4) Pre-design activities: 

Preparation of specifications 
Bid preparation and evaluation 
Contract negotiation 

(5) Projert engineering; 
(6) Preparation of tender documents; 
(7) Procurement of equipment and materials. 

(ii) Implementation phase: 
(8) Activities in the suppliers factories, including: 

Design of the equipment and setting up of quality standards; 
Production; 
Quality control; 
Timely delivery 

(9) On site activities, including: 
Civil works of various kinds; 
Supply and construction of ancillary facilities; 
Installation of low to medium technology and auxiliary 
equipment, i.e. low pressure piping, electrical 
installa' io11s, pur.ip·;, fans, etc. 
Assembly of main eq~ipment,e.g. high pressure pipes, 
boiler, turbogenerator, etc. 
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(iii) E.xploitation phase: 
(10) Operation of the power system; 
(ll) Maintenance and repair 

The above list shows a broad scope for unpackaging during each of the 
phases and for local participation subject to the availability of indigenous 
consultancy capabilities, production and test facilities. 

But even the low technology part of the list can substantially reduce 
foreign currency ~osts also servi·.1g as a vehicle for entry into the production 
of some of the equipment. 

Thus, the unpackaging of the power project will have considerable effect 
on the distribution of necessary consultancy among the partners according to 
their particular functions and responsibilities. This is a function of the 
accepted type of contractual relations. 

The three main types of contracts that are conmonly used in power 
projects are: 

(1) The turn-key contract. A single main contractor or consortium takes 
overall responsibility for the design, construction and collWllissioning of the 
project. Technology transfer is very limited, unless it is explicitly 
mentioned in the general supply agreements. 

(2) The split package (lots) contract. The overall for design and 
construction is shared between a relatively small number of contractors who 
manage, design, construct and/or manufacture the bulk of the plant: whole 
systems, buildings, etc. One of these contractors is usually responsible for 
system integration and performance studies as well as for the co-ordination of 
the project and contracts. Separate contracts may be awarded, for example, to: 

The boiler and attached equipment; 
The turbo-generator set; 
The remainder of the plant; 
The services of an industrial architect. 

(3) The multiple pact.age (lots) contract. Withiri the framework of its 
own organization or through its industrial archite::t, the electricity company 
takes the direct responsibility for the management of the design and 
construction work and prepares a large number of contracts, typically 
around 100. 

On the example of a nuclear power plant, table 5 shows the breakdown of 
the main responsibilities which is normally applied to each of these main 
contract categories. 

It can be seen from table 5 that the existence as well as the appropriate 
qualification of national consultant~ is a prerequisite for splitting power 
projects into lots and thus for creating a market for local product and 
services. 

The existence of a stable and profitable market is the main condition for 
indigenous production of electric power equipmc11t and for upgrading of this 
industry. 
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Table 5. Normal distribution of responsibilities according to the type of 
contract 

Activity 

Pre-project activities 

Project management 

Engineering design 

Quality assurance/ 
quality control 

Suppl.ies 

Licensing requests 

Issue of licences 

Manufacture 

Preparation of the site 

Construction 

Installation of the 
equipment 

Comnissioning trials 

Operation and maintenance 
of plant 

Turnkey 
contract 

EC 

MC 

MC 

MC + EC 

MC 

EC 

RB 

MC 

EC or MC 

MC 

MC 

MC 

EC 

Note: IA: Industrial architect 
EC: Electricity company 
MC: Main contractor 
EM: Equipment manufacturer 
SS: System supplier 
RB: Regulatory bo~y 

Main responsit. ~lity 
Split package Multiple package 

contract contract 

EC EC 

IA or EC EC + IA 

IA + SS EC or IA 

IA + SS + EC iC + IA 

IA + SS EC or IA 

EC EC 

RB RB 

SS + EM EM 

EC or IA EC or IA 

IA + SS EC or IA 

IA + SS EC or IA 

IA + SS EC or IA 

EC EC 

Source: IAEA, Ene~gy and nuclear power planning study for Algeria, IAEA, 
Vienna, 1985. 
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In the Republic of Korea. technology unpackaging is mainly done by using 
the purchasing power of the utility. The country drew up clear indigenization 
policies and strategies and obtained technology through licenses bought by the 
national enterprises wholly or partly owned by the utility. The private firms 
in the sector are also active. but a direct involvement of foreign capital 
does not exist. The required inputs of production are imported freely at the 
beginning and indigenized progressively as they become available within the 
country. The utility in this country plays the central role and is involved 
in every aspect of the development of the sector. 

In India, the heavy electrical industry has been established through 
state enterprises and with ~he aim to attain complete self-sufficiency. In 
line with this target, basic engineering capabilities have been created and 
technology transfer has been made through a limited number of licences. The 
domestic market is protected and every effort is made to indigenize the inputs 
required for production. 

It could be argued that the cost of development of the electric power 
sector could greatly vary in both alternative routes mentioned above. As a 
future activity, the analysis of costs and risks involved in each case could 
be carried out to assist the decision makers in developing countri~s in their 
efforts ~o upgrade the industry. 

In addition there is a conflict between the short-term goal of obtaining 
the electric power plants rapidly and the long-term objective of increasing 
self-reliance. A balance between the two can be achieved with far-sighted 
policies. The slow process of training which requires to bear the costs of 
"learning by doing" and to put faith in the national talents and capabilities 
is the kind of approach required for building up technological self-reliance. 

(c) Rehabilitati~n of the production units 

A characteristic coDlllOn to the countries belonging to groups 1, 3 and 5 
is the low level of production capacity utilization. This in turn contributes 
to abnormally high capital/output ratios. 

Data shows that the rates of capacity utilization in several least 
developed countries have been going down for some years, especially in the 
larger plants. 

The plants producing electric power equipment, where they exist, have 
been confronted with particularly severe problems as electrification plans 
slow down and new orders decline. Average capacity utilization rates in some 
of these plants have gone down to bellow 60 per cent. 

Another factor that has contributed to the low capacity utilization is 
the lack of foreign exchange needed to import spare parts and other essential 
inputs. Sometimes this situation is further complicated by restrictive import 
licensing laws. 

The above considerations have lead to the increase of the international 
assistance in rehabilitation of existing production facilities. 

An example for such assistance is the recent joint Egypt/Federal Republic 
of Germany project on rehabilitation of the Egyptian industry. A major 
component is the updating of the manufacture of transformers, transmission 
towers and other capital goods related to electric power equipment production. 
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(d) Multipurpose units approach in least developed countries 

A multipurpose approach in industry means the use of the same production 
equipment and manpower to m..~nufacture several products in relatively small 
batches aimed at the ma.~imization of the production capacity utilization. 

The integration of the multipurpose units (MPU) with the capital goods 
sector in general and with the electric power equipment production in 
particular widens the scope of the multipurpose approach. 

Main characteristics of this approach are: 

Flexibility between the product and the technological process of 
production; 

Production process based on universal machinery designed to perform a 
set of basic operations, e.g. cutting, welding, machining, etc., in 
which labour plays a determining role; 

Production of relatively small quantities of the variety of products 
having low to medium technological complexity; 

Suitable for horizontal integration with the domestic technological 
infrastructure. 

It is equally important for multipurpose units to be designed and 
operated in a way which would make it possible for developing countries to 
accumulate the technological knowledge needed for mastering the electric power 
equipment technology. 

Three main types of multipurpose units (MPUs) can be of relevance to the 
electrfc power equipment production, especially during the start-up stage: 

(1) Multipurpose machine shops; 
(2) Multipurpose repair and assembly shops; 
(3) Multipurpose mobile assembly units. 

The profitable existence of MPUs depends heavily on the availability of 
suitable designs and appropriate technical assistance. 

In order to enjoy in full the benefits of the MPUs approach it is 
necessary to reduce as far as possible the number of technical standards as 
well as the variety of indigenous and especially imported inputs used for 
electric power equipmer.t production. The choice of licences should also be 
guided by this consideration. 

4. 2. 3 National __ deyelopmen~_pglicies 

(a) Least developed countries 

An industrial characteristic that is common to most least developed 
countries is the tendency for industrial branches to feature one large, 
relatively capital-intensive plant with a number of small, unde1-capitalized, 
satellite enterprises. Very often, the large plant uses imported, 
capital-intensive equipment to produce goods that have high content of 
imported intermediate inputs anrl thus limited in country applicability. for 
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example, the import content of the distribution transformers in Tanzania is 
50 per cent and of the aluminum conductors 80 per cent. 

On the other extreme, the small enterprises tend to use second-hand 
equipment, containing little imported content, to produce goods for 
consumption by the lower income domestic market. Examples of this 
formal/informal sector dichotomy are numerous. 

Any changes in the industrial structure of the least developed countries 
during the remainder of the present decade will be strongly influenced by the 
policy stance of the governments concerned and by the status of the capital 
goods sector. Although data on these matters are difficult to gather, and to 
interpret, it would appear that a growing number cf least developed countries 
realize the need to: 

(i) Reform the micro-economic framework within which their firms 
operate, 

(ii) Allow factor prices - notably wages and interest rates - to 
reflect more fully their true resource endowments, and 

(iii) Simplify current laws and systems relating to subsidies and 
taxes. 

The adoption of such measures, apart from contributing to improved 
efficiency from existing investment, might encourage more subcontracting work 
- perhaps more labour-intensive work - from plants in more advanced developing 
coun~~ies. 

The ~act that capital goods in general and electric power equipment in 
particular account for an increasing percentage of the total visible imports 
implies growing ties with suppliers of machine tools and other capital g~ods 
manufacturers, most of whom will be located in developed countries. Second 
hand capital goods may, however, account for a portion of these imports, ar.a 
some of these may come from developing countries. 

One conclusion that does emerge from this analysis, however, is the 
essentially micro-economic character of the industry in the least developed 
countries and the positive economic implications of policy reforms and related 
efforts aimed at establisning a broader base for developmen~ and international 
co-operation. 

(b) Country case: Algeria 

Based on the Algerian experience in building thermal power plants, the 
impact that national development policies has on upgrading electric power 
equipment industry, the role which the public utility can play in national 
integration and its effect on the promotion of the electric power equipment 
industry will be illustrated. 

In order to ~chieve more than 50 per cent local content in the 
construction of thermal plants, the Algerian utility company have started the 
following activities: 

(i) Planning, to control electricity demand and ant1r.1pate it by a 
long-term equipment plan prepared sufficiently well ahead and 
periodically up-rlated; 
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(ii) Standardization of equipment, to reduce the items to be 
produced; 

(iii) Engineering as the human basis of any industrial development 
and integration. 

In such a way these activities establish the preferred framework for 
discussions and negotiations between foreign manufacturers and the national 
industry for the transfer of technology. 

Three basic principles are constantly applied in thermal station 
construction: 

(1) Ensuring that the control function remains in all circumstances with 
the public utility. This job cannot be delegated to a foreign consultant, 
whatever his skill and whatever his goodwill, for the success of any project 
depends to a great extent on the capacity and determination of the engineering 
team to establish a dialogue with or to confront the constructor's experts. 
This dialogue or, if needed, confrontation is what encourages the accumulation 
of knowledge and the transfer of technology. 

(2) Refusal of turn-key contracts and systematic use of the separate 
contractors formula. For instance, the client makes a number of contracts for 
a single station and is responsible for the follow-up. management and 
co-ordination in implementation. 

(3) Systematic use of national industry. On this point it is worth 
noting the attitude of some international bodies which fail to understand the 
preference given to the nationa~ industry and suggest that national the 
industry should participate in international bidding on an equal footing with 
foreign firms. 

Obviously, the application of these principles, by avoiding the easy 
solution, increases the scope of utility's responsibil~ties and compels it to 
improve its technological capabilities and its negotiating abilities in order 
to gain credibility. 

In practice, the break down of the projects into lots is carried out hy 
the utility jointly with the national firms concerned which negotiate with the 
foreign manufacturers the limits of their prerogatives and commitments. 

However, it is important to note that the utility's attitude towards 
sub-contracted national companies is not strictly that of a client but rather 
of an adviser and assistant in particular when trying to achieve the required 
quality standards. 

The result of this long term (more than 20 years) persistent policy is 
that Algeria has mastered the process of building thermal stations by 
ever-increasing participation in engineering, in the manufacture of particular 
items of equipment, particularly metal work and boiler work, and the assembly 
of imported equipment. 
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4.3 Conceptual framework for technical assistance projects in each level of 
the technology upgrading scale 

The conceptual framework for technical assistance projects in each 
country group aimes at assisting the decision-makers in developing countries 
in the formuiation of policies as well as of requests for external assistance 
for upgrading of ele~tric power equipment production capabilities. The 
framework is elaborated by applying systems approach to identify and remove 
the external and internal constraints to industry's upgrading at national, 
regional and interregional level. 

4.3.l Very small market, low production capacity 

This group includes 25 countries with the following geographical 
distribution: 

Twenty-two countries from sub-Saharan Africa: Burundi, Benin, 
Botswana, Cape Verde, Central African Republic, Chad, Congo, Comoros, 
Equatorial Guinea, Gabon, Gambia, Guinea, Guinea Bissau, Lesotho, 
Liberia, Mauritania, Mauritius, Namibia, Sierra Leone, Somalia, 
Seychelles, Swaziland and Togo. 

Three countries from Latin America: Honduras, Sicaragua and Paraguay. 

The status and prospects of electric power equipment industry of these 
countries have not been the subject of earlier UNIDO studies. 

Most of the above 25 countries belong to the group of least developed 
countries and their capital goods sector deals mainly with metalworking 
operations rather than with machine building. 

The goal here would be to upgrade electric power equipment production 
from almost zero indigenous activities to an entry into goods and services 
included into level 1 of the technology upgrading scale. 

For mastering the transition to machine building stage and for overcoming 
related start up problems multitude of activities will need assistance from 
the international agencies. 

In this respect the framework for technical assistance aimed at upgrading 
of electric power equipment production can consist in: 

(a) StrengthP.ning governmental policies for: 

(i) Development of policy framework for attracting the private and 
public capital needed, as well as for improving the 
mobilization of domestic public resources, particularly by 
utilities. Timely adjustment of the electricity prices and 
setting targets for self-financing ratios for the utilities. 

(ii) Definition of legislation and policies supportive to the active 
participation of local firms in the rural electrification 
programnes. 
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(iii) Exploring the external and the internal opportunities for 
training both for the cr~ation of production skills. e.g. 
welding. forging, etc •• and for operation and maintenance of 
installations. Specialized technical assistance needed for: 

training in the operation and maintenance of installations; 
training in production skills. 

(iv) Support to: 
technical co-operation agreements; 
regional co-operation arrangements; and 
the creation of preferential trade areas. 

(b) Financial and managerial help in the creation of small to medium 
multipurpose units. namely: 

(i) Multipurpose engineering maintenance workshops that can be used 
also by other sectors. e.g. for joint production and 
maintenance of electric power equipment and agricuJ~ural 
machinery; 

(ii) Multipurpose sheet metal and general metal working shops for 
the production of metal cabinets and boxes as well as metal 
furniture and equipment for renewable energy sources. 

(c) Upgrading of a country's negotiation power vis-a-vis the external 
financing agencies through better financial engineering of the project and by 
mastering national planning activities. engineering ccnsultancy services and 
project management. The main recipients of assistance should be the utilities 
as well as the national bodies for planning and project studies. Specialized 
technical assistance needed for the development of national consultancy 
services. 

On all above activities UNIDO's technical assistance can have a positive 
impact and in fact the countries have been insistent in requesting it. 

Examples can be found in "Initial integrated industrial promotion 
progra11111e at che subregional level" where among the long list of prospective 
energy related manufacturing projects Guinea, jointly with Ghana, demands help 
for starting up manufacture of aluminum conductors and cables and Togo is 
looking for technical assistance and donor's financial co11111itments in 
establishing manufacture of power transformers for its rural electrification 
prograJ1111es. 

A coll'lllOn feature of all requests for technical assistance is their 
"piecemeal" approach to the country's industrialization and energy development 
prospects. 

What is lacking is a coherent industrialization policy, based on medium 
to long terms indigenously developed plans. 

An example of this kind of assistance would be the recently initiated 
UNIDO study on integrated energy/industry planning for some African 
countries. The study envisages the following main activities: 
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(a) Review and adaptation of existing methodologies and tools for 
energy/industry planning in accordance with the specific situation of the 
least industrialized African countries, in particular related to: 

Small scale industrial development in rural areas; 
Substitution and/or improved efficiency of non-coamercial energy, 
mainly faelwood; 
i.ocal production of equipment needed for rural electrification, e.g. 
mini-hydro installations, distribution networks, wind engines, etc. 

(b) Implementation of the adapted methodologies on a compatible personal 
computer and development of a databank for selected methodologies and 
techniques. 

(c) Compilation, review and presentation of data about the 
socio-economic, industrial and energy-related status in selected African 
countries representing different sub-regions and development stages. '!'his 
activity should include the following main steps: 

(i) Collection of the socio-economic, industry and related energy 
data, in particular: 

Population; 
Economic information from national accounts; 
Energy balance data; 
Energy resource; 
Industry related information: 

Basic data; 
Output of energy intensive products of major industrial 
sub-sectors; 
Production of energy relaterl equipment; 
Sectorial conswnption of final energy forms. 

Addition~! indicators, e.g.: 
Energy intensity of produced col'llllOdities; 
Types of technologies used; 
Plans for new industrial capacities; 
Structure of production of small-scale industries in 
rural areas. 

(ii) Direct collection of data jointly with African national and 
regional organizations and authorities responsible for energy 
and industrial development. 

(iii) Review of data and evaluation of the collected information and 
its subsequent organization in an appropriate form 
corresponding to the chosen methodology, e.g. normative energy 
balances, industrial and socio-economic determinants oc energy 
demand, etc. 

(iv) Elaboration of a flexible methodology for projecting demands c. 
energy related equipment and related to them demands for 
general purpose machines anJ infrastructure facilities such as 
casting and forging. 

(d) Conducting of several case studies aimed at translating of the 
methodologies elaborated, training of national teams and definition of 
workable technical assistance progra11111es for respective countries. 
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4.3.2 Medium sized market, low to medium car l 

The group includes 9 countries with the following geographical 
distribution: 

Five Latin American countries: Costa Rica, Jamaica, Panama, Trinidad 
and Tobago, Uruguay. 

Four Arab countries: Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya. 

The status and prospects of electric power equipment industry of these 
countries have not been the subject of earlier UNIDO studi~s. 

The nine countries in the group constitute a medium market for electric 
power equipment products and have some traditions in capital goods 
production. For this set of countries, in their efforts to upgrade the 
electric power equipment production, it is still not necessary to be attentive 
to the development of basic metal industries but rather to the creation of: 

Industrial infrastructure, e.g. foundry, forging and machining; 
Specialized subcontracting, e.g. heat treatment, surf3ce coating, etc. 

The upgrading will aim at acquiring manufacturing capacities for entry 
into level 2 and 3. In that respect the framework for technical assistance 
aimed at upgrading of electric power equipment production can be in terms of: 

(a} Strengthening governmental policies in: 

(i) Progranming public purchases of electric power equipment 
supportive to the active participation of local firms in the 
electrification progranwnes; 

(ii) Creation of legislation for temporary protection of infant 
industries; 

(iii) Definition of policies supportive to the technology transfer; 

(iv) Setting targets for self-financing ratios for the utilities, as 
well as for achieving up to 50 per cent local content for 
certain lots of the electric power projects; 

(v) Support to regional co-operation arrangements and to the 
creation of preferential trade areas. 

(b) Development of negotiation capacity of ~he national engineering 
companies and of the utilities through: 

(i) Better financial engineering of the projects; 

(ii) Technological unpackaging; 

(iii) Using the comparative advanta~P.S of the existing "buyers' 
market" for the main electri: power equipment components; 

(iv) Mastering national plannin~ activities, engineering consultancy 
services and the projer• management. 
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(c) Acquisition from abroad of technology for the development of 
national electric power equipment industry, e.g. from the companies in the 
newly industrialized countries. 

(d) Development of unified national and regional standards and 
establishment of quality control and testing facilities that are independent 
from the production units. 

In all the above activities a well formulated technicc.. t. assistance 
progranme on the part of UNIOO will have a substantial contr."bution to the 
upgrading of the countries production capabilities. 

4.3.3 Small market, low capacity 

The group includes 22 countries with the following geographical 
distri~ution: 

Fourteen from sub-Saharan Afric~: Angola, Burkina Faso, Cameroon, 
Guinea, Madagaskar, Malawi, Mali, Moz~mbique, Niger, Rwanda, Senegal, 
Sudan, Tanzania and Uganda. 

Five from Latin America: Bolivia, Dominican Republic, El Salvador, 
Guatemala and Haiti. 

Three others: Afganistan, Nepal and Yemen Arab Republic. 

The status and prospects of electric power equipment industry for three 
countries from the group, namely of Bolivia, Cameroon and Tanzania, have betn 
subject of earlier UNIOO studies. The accumulated empirical evidence from 
them will be used throughout the discussion that follows. 

As can be seen from table 4 the three countries in this group have 
overcome their first hurdles in the development of the electric power 
equipment sector. 

In Bolivia and Tanzania most of the goods and services included in 
level l and level 2 have been mastered mainly through license arrangements 
with developed countries. There are even some entries into the production of 
medium technology items (level 3). 

A general weakness of the industrial structure is reflected in the 
extremely low utilization levels of the existing capacities. 

This is a result mainly of lopsided planning and development of product 
lines that have a high import content of the produced equipment. For example 
the import content of the distribution transformers in Tanzania is 50 pP.r cent 
and of the aluminum conductors 80 per cent. 

In this connection an industrial ser.tor programme should give priority to: 

Rehabilitation of the existing financially viable production 
facilities, maybe by their reorientation towards multipurpose 
production of both agricultural equipment and electric power equipment; 

Mastering the goods and services from levels 1 and 2; 
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Entry into production of medium technology items (level 3). 

A genuine start-up of the production of electric power equipment for 
these countries necessitates technology unpackaging and consequently the 
development of national engineering capability. 

Certain countries belonging to higher development levels, e.g. Brazil, 
Egypt, the Republic of Korea and Indonesia have established tegislatjon for 
the purpose, firstly to promote national engineering companies and secondly to 
ensure that the turnkey approach is not considered the only means for power 
plants construction. In thi~ context, it should be pointed out that also so~e 
group 4 countries (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 mediwn complexity (levels 2 and 3), 
e.g. metal structures, atmospheric pressure tanks, etc. 

In the studies of both Tanzania and Cameroon there is a reference to the 
need for assistance in negotiating financial packages that allow unpackaging, 
thus creating a market for local products and s~rvices. In this respect 
learning from the experience of the more developed countries belonging to the 
higher groups may be of assistance. 

The framework for technical assistance aimed at upgrading of electric 
power equipment production consists in: 

(a) StrengtheGing governmental policies for: 

(i) Timely adjustment of the electricity prices and setting targets 
for self-financing ratios for the utilities. 

(ii) Definition of legislation and policies supportive to the active 
participation of local firms in the: 

Lots of power projects with subsequently increasing 
complexity; 
Assembly operations and production of spare parts; 
Rural electrification programmes. 

(iii) Support to regional co-operation arrangements and to creation 
of preferential trade areas, e.g. creation of joint pro~ •ction 
facilities for distribution transformers, electric motors and 
miscellaneous medium voltage apparatus, etc., situated in 
different countries and aimed at satisfying the regional ,·emand 
for that equipment. 

(iv) Exploring the external and the internal opportunities for 
training both for the creation of production skills, e.g. 
welding, forging, etc., and for operation and mair1tenance of 
installations. Spe~iaiized technical assistance needed for: 

Training in the operation and maintenance of installations; 
Training in production skills. 

(L) Financial and managerial help in the creation of small to medium 
multipurpose unit, namely: 

(i) Multipurpose metal structure and boiler making workshops for 
production of pylons, tanks, etc.; 
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(ii) Multipurpose sheet metal and general metal working shops for 
the production of metal cabinets and boxes as well as metal 
furniture and equipment for renewa~le energy sources. 

(c) Establishing production facilities for distributed electricity 
generating systems, e.g. mini-hydro, wind mills, etc. 

(d) Upgradine of a country's negotiation power vis-a-vis the external 
financing agencies through better financial engineering of the project and by 
mastering n~tional planning activities, engineering consultancy services and 
project management. The main recipients of assistance should be the state 
company for the generation, transmission and distribution of electric power as 
well as the national bodies for planning and project studies. Sp~cialized 

technical assistance needed for the development of national consultancy 
services. 

4.3.4 Medium sized market, medium capacity 

The group includes 13 cou3tries with the following geographical 
distribution: 

Five from sub-Saharan Africa: Ghana, Cote d'Ivoire, Kenya, Zambia and 
Zimbabwe. 

Two from Latin America: Cuba and Equador. 

Four Arab countries: Iraq, Tunisia, Saudi Arabia and Syria. 

Two Asian countries: Democratic Re~ublic of Korea and Sri Lanka. 

The status and prospects for electric power equipment industry of these 
countries have not been the subject of earlier UNIDO studies. 

The manufacturing capacity of the countries in the group is very 
l.eterogeneous rangin6 from level 2 - low technology items in Kenya and Tunisia 
up to level 4 - moderately advanced technology items in Zimbabwe (see table 4 
for definitions). 

In upgrading production capabilities for electric power equipment the 
following constraints should be relaxed (see also table 3): 

(a) Slow development of engineering companies capable of taking part in 
management and production activities involved in the lots uf the unpackaged 
power projects. International technical assistance projects have been helpful 
in upgrading the capabilities in the few countries, e.g. Kenya and Cote 
d'Ivoire, but for the rest of the group this process is still ah~ad; 

(b) The local content of detail engineering is still ~ow, the goal 
should be to upgrade it to 80 per cent in the civil engin~~-·i1g and the 
assembly. Training and selective foreign technical assistance can help 
closing the gap; 

(c) Technical assistance can speed up production in sufficient 
quantities of the full set of products and services inclu~ed in levels 2 and 3 
and in certain cases, as the examples of Zimbabwe and T~nisia show, also of 
some high voltage equipment (belong:ng to level 4). 
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Important implementation stages of the upgrading strategy, suitable for 
international assistance, would be: 

(d) Negotiation of selective financing aimed at encouraging the 
production of neeaed electric power equipment; 

(e) Elaboration of governmental technological policy supportive to local 
electric power equipment manufacturing, including the choice and control of 
importeri technology, avoidance of turnkey contracts coupled with the 
establishment of rules for technological unpackaging, establishment of testing 
facilities and finally efforts to expand the market through regional 
co-operation; 

(f) Enhancing the role of the government in feasibility studies and in 
the promotion of new projects, in schedul~ng public purchasing progra11111es, 
adopting protection measures for the local industry, etc. 

The activities aimed at enhancing of national planning and project 
engineering capabilities can in this group also be singled out as an area in 
which UNIDO should have a substantial role to play. 

4.3.5 Medium sized market, low capacity 

This group consists of four least developed countries: Bangladesh, 
Burma, Ethiopia and Zaire, singled out because of their large population. 

The status and prospects for electric power equipment industry of these 
countries have not been the subject of earlier UNIDO studies. 

The main element that influences the strategy for upgrading the electric 
power equipment industry is the substantial potential market. Till now the 
development of the electricity sector is almost totally dependent on external 
financing. In this respect the framework for technical assistance in 
upgrading of electric power equipment production is similar to that of the 
group 3 countries and oriented towards: 

(a) Strenghtening the governmental policies in the: 

(i) Timely adjustment of the electricity prices and setting targets 
for self-financing ratios for the utilities. 

(ii) Definition of legislation and policies supportive to the active 
participation of local firms in the: 

Lots of power projects with subsequently increasing 
complexity; 
Assembly operations and production of spare parts; 
Rural electrifi~ation progranunes. 

(iii) Exploring the external and the internal opportunities for 
training both for the creation of production skills, e.g. 
welding, forging, etc.,and for operation and maintenance of 
installations. Specialized technical assistance need~d for: 
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Training in the operation and maintenance of in~tallations; 
Training in production skills. 

(b) Financial and managerial help in the creation of production units, 
namely: 

(i) Multipurpose metal structure and boiler making workshops for 
production of pylons, tanks, etc. 

(ii) Multipurpose sheet metal and general metal ~orking shops for 
the production of metal cabinets and boxes as ~ell as metal 
furniture and equipment for renewable energy sources. 

Electric cable and wires factories; 
Shops producing distribution transformers: 
Establishing production faciliti~s for distributed 
electricity generating systems, e.g. mini-hydro, wind mills, 
etc. 

(c) Upgrading of a country's negotiation power vis-a-vis the external 
financing agencies through better financial engineering of the project and by 
mastering national planning activities, engineering consultancy services and 
project management. The main recipients of assistance should be the state 
company for the generation, transmission and distribution of electric power as 
well as the national bodies for planning and pro~~~t studies. Specialized 
technical assistance needed for the development of national ~onsultancy 
services. 

The activities aimed ~t developing and enhancing national planning and 
project engineering capabilities can be singled out as areas in which UNIDO 
can strengthen its role. 

An example of this kind of assistance would be the study on integrated 
energy/industry planning for the African countries presented in section 4.3.1. 

4.3.6 Large market, large capacity 

The group includes 15 countries with the following geographical 
distribution: 

Four from Africa: Algeria, Egypt, ~orocco and Nigeria. 

Five from Latin America: Colombia, Chile, Peru and Venezuela. 

Six from Asia: Indonesia, Iran, Pakistan, Philippines, Thailand, and 
Turkey. 

The status and prospects of electric power equipment industry for 
5 countries from the group n~mely: Algeria, Colombia, Egypt, Indonesia and 
Pakistan, have been subject of earlier UNIDO studies. That distinguishes this 
group as the most studied one among the 11 country case st•1dies conducted by 
UNIDO. The accumulated empirical evidence will be used throughout the 
discussion th?t follows. 

As a common chara~~eristic of the countries in this group, industry 
accounts for 15 to 20 per cent of the r.OP, with some countries experiencing a 
relatively lc~g industrial history. 
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The countries have already developed the nucleus of electric power 
equipment industry, including most of the moderately advanced technoiogy items 
(level 3) and for some countries, e.g. Algeria. Colombia and Pakistan, entry 
into the level 5 - high technology items (see also table 4). 

The main efforts in upgrading electric power equipment industry would be 
linked to the development of the main fairly capital intensive industrial 
supporting branches, namely iron and steel metalldrgy, non-ferrous metals 
industry, production of electronic measurement devices, etc. To ~he above 
should be added the extension of countries heavy infrastructure: forging, 
heat treatment, etc., needed for full-fl~dged electric power equipment 
production. 

Also a lot remains to be done for improving the products quality, 
increasing the utilization of production capacity needed in order to achieve a 
step vise increase of production volumes. 

An example of assistance aimed ~t improvement capacity utilization rates 
is the recent joint Egypt/Federal Republic of Germany project on 
rehabilitation of the Egyptian industry. A major component is the updating of 
the manufacture of transformers, transmission towers and other capital goods 
related to electric power equipment production. The transfer of technology 
from the German company KWU to the respective Egyptian authorities is an 
important part of this project. 

For the countries of this group in general it can be claimed that the 
country energy strategies are based on the continuation of their 
electrification progranmes, particdlarly rural electrification, and the 
implementation of this strategies should bring about substantial demand for 
electric power equipment. 

External assistance in upgrading the industry can be oriented towards 
relaxation of some of the following constraints (see also tables 3 and 6): 

(a) Elaboration of governmental policy supportive to the: 

Promotion of national engineering capability; 
The choice and control of imported technology; 
Establishment of rules for technological unpackaging; 
Establishment of research centers and testing facilities; 
Efforts to expand the market through regional co-operation. 

(b) Enhancing the role of the government in: 

Feasibility studies; 
The promotion of new projects; 
Scheduling public purchasing programies; 
Adopting protection measure for the local industry, etc. 

(c) Development of ~ policy framework for: 

Attracting the private and public capital needed; 
Improving the mobilization of domestic public resources, 
particularly by the utilities; 
Timely adjustment of the electricity prices; 
Setting targets for self-financing ratios for the utilities. 
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(d) Organization of a subcontracting netwo~k to inv ive the small- and 
medium-scale enterprises into the longer-term plans for electrification. 

(e) Promotion of the joint ventures aimed at technology transfer and 
opening up of re-export opportunities. 

4.3.7 Very 1.arge market, very large capacity 

The group includes: Argentina, Brazil, People's Republic of China, 
India, Republic of Korea, Mexico and Singapore. 

The status and prospects of electric power equipment industry for 
3 countries from the group namely: India, Republic of Korea and Mexico, have 
been subject of earlier UNIDO studies. 

Driven by various development strategies, the electric power equipment 
indu~try in the countries of the group have reached a mature level, including 
most of the manufacturing capacities needed for level S - high technology. 

Recent developments suggest that the last barriers of entry into the 
higher level 6, very high technology items, namely the production of complete 
standardized nuclear power plants, are soon going to be overcome. 

It is being reported~/ that the bid for two 900 MW nuclear units in the 
Republic of Korea contains an unusual clause - "In order to facilitate the 
t~ansfer of technology, the reactor will be designed jointly by the foreign 
contractor and the South Korean counterpart. Yet the foreign company must 
assume full liability for any design flaws - a large responsibility in the 
case of nuclear reactors." 

This condition can be considered as full exploration of the capabilities 
of the existent "buyer's" market aimed at forced technology transfer. 

The above example illustrates that each of the countries from the group 
is able to formulate its own strategy for the development of electric power 
equipment industry. 

In formulating the possible areas for technical assistance basically two 
sub-groups of countr:es should be considered: 

Countries with a huge and unsaturated market, e.g. India, Mexico and 
the People's Republic of China; 

Countries that have a limited internal market and are pursuing 
aggressive export oriented policies, e.g. Republic of Korea and 
Singapore. 

For strengthening the country's technological and organizational 
capabilities in the ~irst group, international assistance could be sought, 
while in the second, the attention may be devoted to questions of industrial 
restructuring and to international division of labour. 

3/ Financial Times, 4 June 1986. 
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5. MAIN RECOMME.1'lDATIONS FOR INCREASING PRODUCTION CAPABILITIES OF ELECTRIC 
POWER EQUIPMENT IN DEVELOPING COU~"TRIES 

5.1 General framework 

The UNIDO concepts "energy for industry" and "industry for energy" 
exemplify the strong linkages existing between the electric power equipment 
industry and almost all other sectors of the national economy. These 
characteristics, in turn, make it necessary to plan electric power equipment 
development t~~~~her with the other sectors which it links, which constitutes 
an integrated planning approach. 

The integrated energy industry planning should be developed around some 
basic questions: 

(a) What are the national economic, social, political, and other 
development objectives? 

(b) ~'hat are the capabilities already existing in the country and what 
are the possibilities for their consolidation and improvement? 

(c) ~'hat is the total future demand for capital goods including the 
intermediate demand and the industry's requirement for reproduction? 

(d) Can the output of existing capital goods industry meet the total 
future demand and if not what will be the cost of imports? 

(e) If an import substitution policy is adopted, what will be the 
additional production facilities required? 

(f) ~'hat will be the additional financial, technological, human, etc. 
inputs required by the capital goods industry to meet anticipated demand? 

(g) What will be the options for utilization of the country's resource 
endowment as a substitute for imported inputs? 

(h) What will be the policies and strategies to be adopted in order to 
achieve planned targets? 

Th&? answer to these basic questions can be reached through an iterative 
procedure for assessment of options and constraints till the feasible path is 
found. This process represents, for a medium-size developing country with 
some level of industrialization, a huge but necessary task. For the least 
developed countries an additional complication is the selection of entry 
routes into production. 

The specific problem of the higher levels of electric power equipment 
industries is that they require long periods of gestation, heavy initial 
capital outlays (a substantial proportion of which may be in terms of foreign 
exchange for imported machinery), low profits, transfer of technology from 
developed or other developing countries and high degree of skills for 
manag~rs, engineers and artisans. 

On account of those factors it is essential to take a policy decision as 
to which areas should be covered by the public sector so that the overall 
industrial progre~s does not suffer from the typical for private sector 
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attitude: shifts of priority sectors and subsequent avoidance to take up 
difficult, complex or low profit items. 

The policy decision can be facilitated by the establishment of a flexible 
system of micro planning activities. The micro level activities for planning 
and development of capital goods industry should cover the following: 

(a) To design a flexible methodology suitable to the country for 
projecting sectoral demands of capital gocds based on international codes for 
special purpose machinery, for priority process industries, service industries 
(e.g. electric power equipment), for general purpose machines and 
infrastructure facilities such as casting and forging. 

(b) Classification and codification of all capital goods relevant to 
selected sectors to suit technological parameters anticipated to be used in 
industry in future. 

(c) Computation of demand for capital goods as codified, for selected 
priority sectors. 

(d) Aggregation of the above sectoral demand with the help of a computer 
programme from the point of view of manufacturing facilities. 

(e) Analysis of the present and proposed capacity for selected capital 
goods in public and private sector establishments in the context of 
anticipated national demand and recoamendations for priority determinations. 

(f) Recommendations for optimum utilization of installed capacity for 
capital goods in public and private sectors. 

(g) Establishment of investment programnes in public and private sectors. 

(h) Study of policy considerations for the development of capital goods 
industry and definition of instruments for policy needed to stimulate and 
promote it. 

(i) Carrying out feasibility studies based on the above and making 
recommendations to attract the needed investment and technology. 

The creation of an experienced and efficient planning team and a 
mechanism of policy implementation is a long-term undertaking that has a 
substantial accelerating effect on the industry's upgrading and as such 
deserves the standing attention of governments and of concerned international 
organizations. 

5.2 Conceptual framework 

The conceptual framework for required technical assistance, given in 
section 4.3 could be best understood in the context of the two basic 
typologies elaborated in chapter 2, namely the typology of the developing 
countries and the grouping of electric power equipment products and services 
into 6 levels of increasing technological sophistication (see also table l 
and 4). In this context the case studies have identified a positive 
correlation of the two variables, thus revieling a relationship between the 
accumulation of countries industrial capabilities and the increased 
sophistic~tion of produced electric power equipment. 
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This relationship has been used for elaboration of general framework for 
policy formation and formulation of needs for technical assistance that aim at 
upgrading of electric power equipment industry in different country groups 
through removing the existent constraints to its development. 

The summary of the constraints in regard to governmental policies, 
financing. quality control. consultancy services and assembly and maintenance 
of electric power equipment for each country group is presented in table 3. 
Short evaluation of the production capabilities is also presented there. 

From the elaborated framework, presented in details for each group of 
developing countries in section 4.3 above, can be concluded that the main 
factors influencing the upgrading of electric power equipment industry are: 
policies adonted by the principal national agents, the existence of linkages 
with the country's capital goods industry. the existence of long ter111 
comaitment to technological and manpower development and finally the 
availability of external assistance and international co-operation. The 
implementation strategies for upgrading electric power equipment industry 
related to country groups for some of the factors mentioned above is presented 
in table 6. 
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Branch, D-2073, P.O. Box 300, A-1400 Vienna, Austria 

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

Upgrading of the electric power equipment industry in developing countries 

(please check appropriate box) 
yes no 

(l) Were the data contained in the study useful? LI L I 

(2) Was the analysis sound? 

(3) Was the information provided new? 

(4) Did you agree with the conclusion? 

(5) Did you find the recomnendations sound? 

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

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

(8) Do you wish to receive the latest list 
of documents prepared by the Sectoral 
Studies Branch? 

(9) Any other coll'IDents? 

Name: 
(in capitals) 

Institution: 
(please give full address) 

Date: 

LI L 

LI L 

LI L 

LI L 

LI L 

LI L 

If yes, please specify 
subjects of interest 

I 

I 

I 

I 

I 

I 

LI LI 




