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FOREWORD

This study was undertaken in response to the Commission's decision at the thirty- 
ninth session that “Technology for development” should be the theme topic of the 
fortieth session of the Commission.

In preparing the study, the secretariat maintained close contact with other United 
Nations agencies and international bodies. Discussions were also held throughout the year 
with the Advisory Committee of Permanent Representatives. We are grateful to the 
Advisory Committee for the excellent co-operation and assistance in clarifying and 
delineating the objectives and sharpening the focus of the study. A special word of 
thanks is also due to member Governments, without whose financial support and experts 
this study would not have been possible.

Before finalizing the draft, it was examined by a high-level group of experts who 
undertook a comprehensive examination of the various issues and problems. The expert 
group contributed substantially to the improvement of the draft and also prepared a 
proposed plan of action for consideration by Governments. The meeting of experts was 
followed up by an intergovernmental meeting, which refined the proposed plan of action 
in terms of national and regional priorities. It also identified various areas in which 
ESCAP and its technology-related regional institutions could support national efforts and 
enhance regional co-operation in this field.

The proposed plan of action, taking into account the region’s varying levels of 
technological and development progress and the difficulties in both acquiring technology 
and building national capabilities, sets out a series of practical measures for the short 
and medium term to assist the countries in more effectively applying technology as a 
tool for development.

It is vitally important to recognize the fact that the continued economic and 
social development of Asia and the Pacific must hinge on the efficient utilization of 
science and technology. More intensive efforts need to be undertaken in the immediate 
future, and such work should be co-ordinated at the regional and national levels so that 
our common endeavours may be strengthened through cooperative initiatives. This study 
is a prelude to such efforts.

S.A.M.S. Kibria
Executive Secretary

February 1984
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I. INTRODUCTION

Technology for development is a new-comer among 
the multitude of plans and strategies which have pervaded 
the efforts of developing countries in their drive to
wards socio-economic progress. It is increasingly realized 
nowadays that technological progress is the crucial deter
minant in the realization of the twin objectives of eradica
tion of poverty and promotion of rapid socio-economic 
development. The current technological backwardness 
of the developing countries of the ESCAP region is 
primarily due to lack of planned attention to the main
tenance and further development of their technological 
capabilities. Vigorous and renewed efforts are now needed 
to make up for the lost time.

A. Background and description of the study

At its thirty-ninth session, the Commission decided 
on “Technology for development” as the theme for its 
fortieth session, to be held at Tokyo in April 1984. The 
Vienna Programme of Action on Science and Technology 
for Development (1979) was a significant landmark in 
focusing international attention on this issue. This 
Programme of Action defines three broad objectives, 
namely, strengthening the scientific and technological 
capabilities of developing countries, restructuring the 
existing pattern of international and technological rela
tions and strengthening the role of the United Nations 
in the field of science and technology and providing in
creased financial assistance. To fulfill these objectives, 
a number of specific recommendations were incorporated 
in the Programme of Action. These were further elaborated 
and concretized in an operational plan which was approved 
by the Intergovernmental Committee on Science and 
Technology for Development and comprises eight major 
programme areas.' The programme areas extend from 
science and technology policies and plans (programme 
area I) to the strengthening of technological infrastruc
ture (programme area II), choice and acquisition of tech
nology (programme area III), development of human 
resources (programme area IV), financing of science and 
technology (programme area V), provision of scientific 
and technological information (programme area VI), 
strengthening of research and development and their 
linkages with the production system in developing coun
tries (programme area VII) and strengthening of scientific 
and technological co-operation between developing coun
tries and between developing and industrialized countries 
(programme area VIII). At its last session in 1983, the 
Intergovernmental Committee adopted a set of guidelines 
for the formulation of programmes and projects in these 

fields. The Vienna Programme of Action, the operational 
plan and the recent guidelines together represent a broad
based blueprint of policies and institutional and other 
arrangements, which are designed to enhance technological 
capabilities and to achieve integrated application of tech
nology to problems of development. At the regional level, 
ESCAP has been actively involved in the follow-up of 
the Vienna Programme of Action and has participated in 
the preparation of the operational plan and in the further 
deliberations of the Intergovernmental Committee. A 
major initiative taken by ESCAP, even prior to the 
adoption of the Vienna Programme of Action, was the 
establishment of the Regional Centre for Technology 
Transfer.

The Second Conference of Ministers Responsible 
for the Application of Science and Technology to Devel
opment and Those responsible for Economic Planning 
in Asia and the Pacific, held at Manila in March 1982, 
devoted major attention to educational matters and to 
promoting research in science and technology. This was 
another notable recent event in the Asia and the Pacific.

The theme topic for the fortieth session is not only 
important in its own right in view of the region’s tech
nological potential; it is also especially appropriate to be 
taken up at a session in Japan in view of that country’s 
many technological achievements.

The overall objective of this study was identified 
to be the examination of the ways and means to exploit 
the full potential of subregional, regional and international 
co-operation in the utilization of technology for economic 
and social development in ESCAP member countries. 
While these countries are at different stages of socio
economic development, taken together they are endowed 
with considerable resources, both human and material, 
and they have developed considerable technological 
capabilities. Moreover, the heterogeneity among the ESCAP 
member countries in respect of socio-economic as well 
as technological aspects provides ample potential for 
complementarity in technology development and use which 
can benefit all.

Co-operation among developing countries of the Asia- 
Pacific region is bound to become, more than ever, the 
focal point of the new international strategy for develop
ment. Such co-operation would not only strengthen these 
countries internally, but also enable them to deal with the 
developed countries on a more equitable and balanced 
footing, reduce their economic vulnerability and thus im
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prove their collective capability to contribute to the pros
perity of the global economy. Regional co-operation among 
developing countries should not, however, minimize the 
importance of international co-operation between devel
oped and developing countries.

As desired by the Commission, consultations were 
held on a continuous basis with the ESCAP Advisory Com
mittee of Permanent Representatives and other Representa
tives Designated by Members of the Commission at various 
stages in the formulation of the study. In order to avoid 
duplication and promote inter-agency co-operation, the 
Executive Secretary addressed a communication to the 
heads of various United Nations organizations (UNCTC, 
UNCSTD, UNIDO, UNESCO, UNCTAD, WIPO, FAO, ILO, 
IMO and WHO) and other non-governmental and interna
tional organizations seeking their advice and specially 
prepared contributions to the preparation of this study.

In this study, two major considerations have been 
kept in view: (a) an examination, in the light of the existing 
situation, of key issues requiring attention in evolving 
strategies and policies to improve the technological capabili
ties of the developing countries in the region; and (b) an 
assessment of the major problems confronting Asia-Pacific 
countries in their attempts to integrate technological consi
derations into their development efforts. Three economic 
sectors (agriculture, industry and transport) and three 
specific areas (energy, environment and social development) 
were selected to highlight major issues and common pro
blems faced by various groups of countries of the ESCAP 
region.

This study is presented in six chapters. Chapter I 
gives a general introduction and the basic conceptual frame
work. Chapter II presents an analytical study of the policy 
aspects of technology planning and development. Chapter 
III is based on the specific studies undertaken on selected 
economic sectors and areas of interest. Chapter IV deals 
with the key issues and problems, which form the basis 
for the identification of the potential for subregional, 
regional and international co-operation presented in chapter 
V. Chapter V also presents the specific follow-up activities 
that could be undertaken by ESCAP either jointly among 
various ESCAP divisions, units and institutions or with 
other United Nations agencies. Chapter VI presents the 
recommendations.

The recommendations are based on the fundamental 
premise that the primary responsibility for the development 
of technological capabilities and the proper use of tech
nology for socio-economic development in the developing 
countries of the ESCAP region rests with those countries 
themselves. These suggestions take full cognizance of the 

vast magnitude of efforts which have already been under
taken during the last four to five years (i.e., since the 1979 
Vienna Programme of Action) in studying, analysing and 
articulating the numerous factors, problems, obstacles and 
solutions relating to the application of technology for 
development. Moreover, an attempt has been made here 
to be region-specific and pragmatic.

Technology in the regional development 
strategy

The need to develop technological capacity rapidly 
in the developing ESCAP countries, as an essential element 
of International Development Strategy for the Third United 
Nations Development Decade, was emphasized in Commis
sion resolution 199 (XXXV). In this global context, a re
gional development strategy was drawn up to take account 
of the special circumstances of the developing ESCAP 
region. This regional strategy has set the target of increasing 
GDP at the rate of 6.7 per cent per annum during the 
1980s. Agricultural production is targeted to have an 
annual increase of 3.5 per cent per annum and industrial 
production 8.9 per cent per annum. Furthermore, a mini
mum rate of growth of 8 per cent per annum for industrial 
exports has also been recognized to be essential. These 
industrial targets have been envisaged to be the minimum 
requirement in order to attain the target set in the Lima 
Declaration and Plan of Action for industrialization of 
developing countries. In view of the heterogeneity of the 
ESCAP region, the regional targets were further refined to 
allow for different economic and social conditions prevail
ing in the subregions of Asia and the Pacific. A higher target 
rate of GDP growth was set for East and South-East Asia 
(7.5 per cent) than in the case of South Asia (5.7 per cent). 
A lower rate of growth of agriculture was envisaged for 
East and South-East Asia (3 per cent) in comparison with 
South Asia (3.6 per cent). For industrial production, the 
minimum target growth rates were set at 8.2 per cent for 
South Asia and 9.9 per cent for East and South-East Asia.

In the ESCAP region, it has been recognized that 
there is a great need to upgrade domestic skills within a 
specific time-frame and to generate and adapt technologies 
in consonance with domestic resources and requirements. 
The concept of technology planning on a comprehensive 
basis with identified priorities related to overall national 
development goals and with earmarked investment re
sources, is gaining increasing support in the Asian and 
Pacific region.

There are significant variations among developing 
countries within the region in the level of technological 
capabilities in socio-economic sectors. Thus, there are 
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within the ESCAP region countries currently classified as 
“developing” which already exhibit high degrees of sophis
tication in different areas of manufacturing. However, there 
are also countries where skills and facilities required for 
even routine maintenance of simple machinery are either 
lacking or inadequate. This implies that the time horizon 
in which a reasonable degree of technological adequacy and 
self-reliance can be realized will not be uniform among 
these countries. By the same token, it also opens up possibi
lities for fruitful collaboration and assistance among the 
countries of the region in this important area of common 
concern.

The ESCAP region has been dependent upon devel
oped countries for import of technology. Transnational 
corporations (TNCs) have been a major vehicle in this 
process. Experiences in this regard have been rather mixed. 
An emerging factor in this field is the rapidly expanding 
activities of the TNCs based in the developing countries of 
the region. Many of these corporations have emerged as 
import-substituting industries and are often based on the 
adaptation of imported technology. Given their genesis 
and the fact that they are established and operate within 
developing countries, such corporations offer great promise 
for transfer and dissemination of technologies which are 
likely to be more appropriate to the needs of other develop
ing countries in the region. In this process, it is widely 
recognized that training and information to improve the 
negotiating capacities of host developing countries in the 
region and the negotiation of purchases of technology as 
a group in order to lower the costs and increase effective
ness are important elements.

International involvement in technology development 
in the ESCAP region has a long and chequered history. 
Multilaterally, the first two development decades witnessed 
major initiatives in the organization of agricultural research 
with particular focus on increasing food production in the 
developing countries. There is a growing realization of the 
need to expand such collaborative efforts in industrial and 
other major sectoral technologies. Within the region there is 
an increasing realization of the need for consortium-type 
arrangements among donors to facilitate and finance tech
nological development, adaptation and extension work 
on the basis of the identified needs of groups of developing 
countries.

This study has, therefore,endeavoured to examine the 
current issues and problems pertaining to technological 
development in the regional context of Asia and the Pacific. 
It seeks to reinforce and enhance the national and regional 
initiatives to advance the technological capabilities of the 
region.

C. Conceptual background of the study

1. Definition of technology

Applications of technologies have caused profound 
changes in ways of life throughout the world. These 
changes are occurring today at an even greater pace. The 
world is now passing through an exciting stage of techno
logical progress. The potential is unprecedented, ranging 
from computers that think like humans to nuclear fusion 
plants that produce electricity from ubiquitous substances 
taken from sea water and recombinant DNA or genetic 
engineering, leading to the birth of an entirely new industry 
in biotechnology. Even with such immense possibilities, 
“what technology is” is understood differently by various 
professional groups.

The economists define technology as knowledge used 
in the production, commercialization and distribution of 
goods and services. However, as technology can be em
bodied in various forms, such as machinery, equipment, 
documents, processes and skills, it conveys different mean
ings to various people under different contexts. In order to 
avoid any ambiguity, technology is defined here with 
respect to origin, purpose and characteristics.

Technology is man-made. It is a means to enhance 
the physical and mental capabilities of human beings. It 
has the following characteristics: (a) it is an instrument for 
transforming natural resources into useful goods; (b) it is 
a tool for conditioning the environment; (c) it is a resource 
for creating more wealth; (d) it is an agent for causing social 
change; (e) it is a factor in decisively affecting develop
ment; and (0 it is a commodity bought and sold in the 
market-place.

As technology is something which has to be applied 
to derive any benefit from it, it is generally a combination 
of hardware and software with the relative proportions 
varying from one extreme to the other. Purely hardware 
technology can be considered as being of two types: the 
end-use product type (such as automobiles, computers 
and televisions) and the production tool type (such as 
instruments, equipment and machinery). Software techno
logy can also be considered as being of two types: the 
know-how type (such as processes, techniques and me
thods) and the know-why type (such as knowledge, skills 
and experience).

Thus, technology is neither merely a product nor a 
process. Although in early days it came into existence as 
a consequence of an instinctive adaptation of human acti
vities, it is now recognized as the means for the survival, 
order and progress of the human community around the 
globe.
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2. Role of technology for development

The crucial, role of technology for national develop
ment has been well documented and is now universally 
accepted. Therefore, no attempt is made here to reiterate 
the importance of technology. It may suffice simply to 
say that, in the present world, technology is the master 
key to development. As defined in the previous section, 
technology is a means, an instrument, a tool, a resource, 
an agent and also a factor for development. Therefore, it 
is called a “master key”. But it is not an end in itself.

The technology dimension being such an important 
issue in national development planning, the major thrust 
of this study has been to explore the possibilities for 
strengthening technological development specifically di
rected at improving the general quality of life in the devel
oping countries of the region. However, in order to make 
any meaningful suggestions, it is necessary to delineate 
some of the fundamental issues related to technological 
development.

3. Production and growth of technologies

Human societies have advanced continuously through 
the application of technologies. Such a treasure house of 
technologies has been accumulated that the present world 
is called a “technological world”. But technology does not 
exist in isolation; it exists in human surroundings. Every 
technology, when applied, causes some alterations in its 
human surroundings. Most of these alterations have been 
beneficial to mankind. However, there have been some 
harmful effects as well.

Along with the credit for innumerable improvements 
in man’s living conditions (in terms of domesticating 
nature, promoting progress and providing new opportuni
ties), technology is also being held responsible for the 
destruction of man’s living conditions (in terms of alienat
ing nature, threatening annihilation and creating new 
problems). However, it must be remembered that techno
logy is only a means for development, and not an end in 
itself. Therefore, in determining strategies for technological 
advancement, it is necessary to adopt an optimum approach 
of maximizing the positive effects while at the same time 
minimizing the negative effects of technology.

Technology is man-made and is mostly produced in 
the research and development (R and D) organizations 
(either independent or within an enterprise). These R and D 
organizations produce both hardware and software types 
of technologies. As illustrated in figure 1.1, the input 
resources into the R and D organizations are: (a) the tradi
tional inputs into any production unit such as money, 
materials, facilities, energy, labour and management; and

(b) the intelligence-based inputs such as science, knowledge, 
skills, information and existing technologies.

In any country or enterprise, the basic driving force 
for the allocation of resources to the R and D organizations 
or units comes from the urge to meet various goals: (a) 
satisfying human needs; (b) increasing the productivity of 
human activities; (c) gaining a competitive edge in domestic 
as well as international trade; and (d) reducing uncertainty 
by achieving strategic self-reliance. The objective of self- 
reliance is not used in the sense of self-sufficiency or 
autarky, but the acquisition of an endogenous capacity 
for sustained development.

Outputs of R and D organizations become technology 
only when they are used, and the application of this tech
nology conditions the human surroundings (socio-cultural, 
politico-legal, economic, environmental and also techno
logical). The effects of the applications of any new tech
nology on the surroundings act as a guiding force for the 
further allocation of resources to the R and D organiza
tions.

These driving and guiding forces together determine 
the actual emphasis given to the R and D activities of any 
country or enterprise, with the overall aim of maximizing 
the positive effects and minimizing the negative effects. It 
is most important to recognize that proper functioning of 
R and D organizations or units is a necessary (but not suf
ficient) condition for the production of technologies. The 
effectiveness of any R and D organization or unit is deter
mined in terms of the “usefulness” of the technologies it 
produces. The usefulness of any technology is normally 
measured by the growth of its application.

It was indicated earlier that any technology is a 
combination of “hardware” and “software” in various 
proportions, and also technology is applied either as an 
“end-use” product or as a “production tool”. Hence, 
explaining the growth of technology or the process of 
technological change is a very complex problem.

The hardware-intensive technology diffusion process 
can be considered to consist of five phases. The first is the 
“incubation phase”, where many ideas are gradually re
duced to one commercial product for introduction into the 
market. Next, in the “introduction phase” the applications 
of the new technology increase very slowly. Later, when 
the number of applications increases rapidly, the techno
logy is in its “growth phase”. After some time, its growth is 
reduced and some stability can be observed in the “maturi
ty phase”. Finally, an improved substitute makes the tech
nology obsolete, and hence it enters the “decline phase”. 
It should be noted, however, that the time taken for these
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different phases varies widely. Figure 1.2 gives a general 
idea of the diffusion and growth of technologies. The 
introduction, growth and maturity phases of a technology 
are also referred to as the three major stages of the “tech
nology life cycle". Table 1.1 gives a brief description of 
the complex and dynamic interactions corresponding to 
the technology life cycle.

It may be interesting to note that every technology 
eventually reaches the "decline phase" owing to the devel
opment of better (in terms of performance and/or cost) 
technologies. In other words, technological change occurs 
through “substitution”. The process of technological 
advancement through substitution is shown schematically 
in figure 1.2.

Empirical studies have shown that most technologies 
follow an S-shaped growth pattern. However, it has also 
been observed that, although a particular technology 
eventually reaches a limiting condition, new technologies 
are developed to achieve further growth with respect to 
any particular “figure of merit”. For example, if one takes 
the speed of passenger air-travel as a figure of merit, then 
technology T1 is the propeller aircraft, T2 is the turbo
prop aircraft and T3 is the jet aircraft. Each of these 
technologies normally shows an S-shaped improvement over 
time. Moreover, the overall growth of these successive tech
nologies (representing a system of higher order, charac
terized by a succession of discontinuous innovations) also 
exhibits an S-shaped growth pattern.

For the developing countries (which are late starters 
in technology production activities), there are two signifi
cant implications of the “technology life cycle”, “techno
logical substitution” and the “S-shaped growth pattern of 
technologies”: (a) any delay in getting into the technology 
development process will further increase the technologi
cal gap between the developed and developing countries 
and (b) it may be possible to reduce the gap in selected 
areas by carefully avoiding the intermediate steps of tech
nological development.

4. Multiple dimensions of technology management

The mangement of technological advancement is a 
high-priority area in developing countries. This is also a 
very complex process and encompasses many dimensions 
such as:

(a) It includes various combinations in terms of 
technological content (hardware, software), application 
(end-use, production tool) and capability (nominal, real);

(b) It incorporates the needs of a wide range of 
social groups (rural, urban, poor, rich);

(c) It is concerned with a plurality of objectives 
and goals (human needs satisfaction, productivity increases, 
gains in trade, self-reliance) with a wide range of risks, 
costs and possible impacts;

(d) It demands balancing of immediate wants and 
future needs and trying to achieve in a few decades what 
the developed countries accomplished in a few centuries;

(e) It requires an optimum approach of maximizing 
the positive effects and minimizing the negative effects 
of technology ;

(f) It implies an interdisciplinary and participative 
type of decision making.

D. Analytical framework for the study

1. Difficulties in measuring technological progress

As mentioned earlier, technology may be embodied 
in the form of capital goods, such as machinery, equipment 
and physical structures, or it may be disembodied in such 
forms as industrial property rights, unpatented know-how, 
management and organization, and design and operating 
instructions for production systems. But, somehow, tech
nology at the national level has usually been linked with 
the process of industrialization, referring mostly to hard
ware types of technologies. By and large, considerations 
relating to software technologies in the services, environ
ment, energy and other sectors have been overlooked. It 
is obvious that technology is needed by all sectors of the 
economy. Moreover, even considering the industrialization 
process, one can observe the changing perspective of tech
nology over time. This is described in a very simplistic way 
in table 1.2. The relative importance of technology over 
the years has grown tremendously. But very little progress 
can be observed in terms of measuring the technological 
capabilities of various countries. Difficulties in the measure
ment of technological progress arise owing to many reasons.

The essential characteristic of technological develop
ment is not so much the accumulation of technology per 
se as the internal capacity to generate, distribute and 
apply technology. Therefore, a distinction needs to be 
drawn between “nominal” and “real” values. For example, 
there is a difference between possessing a certain amount 
of money (a nominal quantity) and having a certain degree 
of purchasing power (a real value). Similarly, a nominal 
increase in technological level may mean the possession of 
additional end-use-type imported technologies, whereas 
a real increase will mean an advancement in the degree 
of endogenous technological capabilities.

There are various conventional indicators of the 
technological level of a country. Some of these relate
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Table 1.1. Dynamics of the technology diffusion process

Characteristics
Major stages of the life cycle

Introduction Growth Maturity

1. Innovation 
aspects

- Advanced and sophisticated 
product than existing one

- Rapid, frequent and major 
changes in products

- Product change stimulated by 
pressure groups and user needs

- Technology closely held by 
the innovating firm

- Technology development is 
unco-ordinated

- Mature product with very few 
refinements

- Rapid, frequent and major 
process changes

- Process changes stimulated by 
rising volume

- Monopoly of technology de
creases due to diffusion and 
licensing

- Technology development
segmental

- Both product and process 
stable

- Technology readily available 
and transferred to developing 
countries

- Technology development is 
systematic

- Technological substitution 
gets under way

2. Production 
aspects

- Non-standard and diversed 
product line, often including 
custom designs

- Flexible and inefficient short- 
run production

- Small-scale plant located near 
user or source of technology

- Inputs are limited to generally 
available materials

- Use of general-purpose equip
ment, requiring highly skilled 
labour

- At least one standard design 
to have significant production 
volume

- Mass-production introduced, 
although techniques may 
differ

- Large general-purpose plants 
with specialized sections

- Specialized materials may be 
developed

- Some subprocesses automated, 
creating "islands of automa
tion" requiring semi-skilled 
labour

- Standardized product and pro
duction process

- Efficient mass-production runs
- Large-scale, highly specialized 

plants
- Special materials needed
- Specialized equipment mostly 

automatic

3. Economic 
aspects

- Low investment due to use of 
conventional equipment

- Innovating firm leads with 
others entering Held to capita
lize on success

- Very low demand due to 
uncertainty

- “Sellers’ market” and low 
price elasticity

- High investment due to in
creased volume and specialized 
equipment

- Large number of firms with 
many casuaties and mergers

- Demand increases with pro
duct performance and stand
ardization

- “Balanced maket” and grow
ing price elasticity

- Very high investment in auto
mation and economies of scale

- Number of firms decline with 
lower margins

- Very high demand and pro
duct differentiation

- “Buyers’ market" and lower 
price

4. Management 
aspects

- Overall strategy is “product 
performance maximization"

- High scientific and engineering 
skills essential

- Very little competition
- Market creation very critical

- Overall strategy is “sales 
maximization"

- High financial and production 
management skills essential

- High competition due to emu
lators

- Protection against imitation 
very critical

- Overall strategy is “cost mini
mization"

- High marketing, distribution 
and cost management skills 
essential

- Very high competition
- Maintaining market share very 

critical

5. Socio-political 
aspects

- Technological substitution for 
a previous function or activity

- Socio-political implications 
unclear

- Environmental impacts
unknown

- Governmental involvement 
normally absent

- Socio-cultural compatibility 
assured superficially

- Institutional modification for 
growing rate of substitution

- Socio-political reactions ob
servable

- Environmental impacts surface
- Some involvement by govern

ment
- Societal values are modified

- Technology becomes pervasive 
in the society

- Socio-political implications 
become critical

- Environmental impact assess
ment is critical

- Major concern regarding go
vernmental regulations

- Significant effect on value 
system
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Table 1.2. Changing perspective of technology through the history of industrialization

Factors Technological changes occurring over time
Relation with 

industrialization
Non-industrialized 

situation
Industrializing 

situation
Semi-industrialized 

situation
Industrialized 

situation

Type of society Hunting and gathering Mining and farming Processing and manu
facturing

Recycling and synthesizing

Preoccupation of so
ciety

Survival needs satisfac
tion

Basic needs satisfaction Achievement needs 
satisfaction

Self-actualization needs 
satisfaction

Major role of techno
logy

Increasing muscle
power

Reducing drudgery Large-scale production Increasing brain power

Predominant type of 
hardware technologies

Hand tools Equipment and device Machines and factories Automation and robotics

Basic source of soft
ware technologies

Instinct and common 
sense

Common sense and ex
perience

Education and training Modelling and simulation

Understanding the im
portance of technology

None Essential tool for pro
ducing food and shelter

Essential tool for 
increasing productivity

Master key for 
development

Choice of technologies No choice Very little choice Some choice Varied choice

Time perspective in the 
development of techno
logies

None Immediate future Short-range future Long-range future

Market aspect in the 
development of techno
logies

None Localized concentra
tion

Internal consumption- 
oriented

International market-
oriented

Note: This table presents only a general trend.

to the measurement of inputs such as R and D expenditures 
in various categories and engineering and technical man* 
power. There are also measurements with respect to out
puts, such as number of patents and technical publications. 
These are only nominal indicators of technology and they 
fail to provide a useful measure for technology policy 
planning.

Payments for technology have also been suggested as 
indicators of technological advancement. One such indi
cator is the degree of foreign technological dependence, 
which is expressed as a ratio between the payments for 
foreign technology and the investment in indigenous tech
nology. But the issue in most cases is not simply how much 
a developing country pays for imported technologies but 
how much it earns in return.

Measuring technological progress by the value of 
technology-intensive goods produced encounters problems 
owing to the fact that some high-technology products 
(particularly electronics) are becoming less expensive. In 
addition, there are so many varieties of products and so 

much market differentiation that the counting of the 
number of units of certain products has very little meaning 
for substantive planning purposes.

In the literature of economics, the effects of tech
nological change are often measured as the residual ele
ment. This is perceived to reflect a mixture of factors such 
as economies of scale, imports of technology, relaxation 
of import restrictions in overseas markets and learning 
effects. Therefore, very little quantitative information is 
available for the purposes of technology planning. More
over, technological progress depends not only on learning 
but also on unlearning and relearning. No attempt has yet 
been made to measure these. Therefore, this study is es
sentially qualitative in nature, and very much indicative in 
purpose. However, to present the recommendations in a 
concrete way, an attempt is made to look into the national 
development process from a technological perspective.

2. Five stages of technological transformation

Whenever one talks about building up endogenous 
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technological capabilities, it may be worth while to note 
that it is neither possible nor desirable to try to develop in 
every economic sector. However, in order to achieve self- 
reliance, it is highly desirable that, in carefully selected 
areas of production, there is vertical integration with 
respect to all stages of technological transformation neces
sary to put a product on the market, starting from the 
natural resources.

Figure 1.3 gives a schematic presentation of the five 
stages of technological transformation in the production 
of goods. The presentation is simplistic and attempts only 
to illustrate the basic point in technology planning. Every
thing starts from nature and eventually goes to the market. 
In between, five major stages of transformation may be 
considered. The first stage can be called the “collecting 
stage” and includes such operations as extracting, mining 
and farming. Stage two can be called the “refining stage” 
and includes operations like purifying preserving and 
metallurgy. “Processing” can be deemed as the third stage 
where chemical and electrical conversions take place. The 
fourth stage is the “manufacturing stage”, which refers to 
all kinds of mechanical conversion and fabrication. The last 
stage is the “packaging stage”, where things are assembled 
and packaged for dispatch to the market.

There are considerable variations in the technology 
content added to the products at each of these five stages. 
In stages one and five technology content added is low, in 
stages two and four it is relatively high and in stage three 
it is very high. Moreover, significant variations can also 
be observed, in the technology content of the transforma
tion facilities. For the collecting and packaging stages, 
although the technology contents added are relatively low, 
the technological capabilities necessary for the transforma
tion are relatively high. For the refining and manufacturing 
stages, the technological capabilities may be somewhat less 
complex but for the processing stage the technology 
content of the transformation facilities is extremely high.

This simple scheme of differentiating the technology 
content added in the transformation process and also the 
technological capabilities necessary for performing the 
transformation operation will be used later to give a general 
picture of the technological capabilities of the developing 
countries of the ESCAP region.

3. Four phases of technological advancement

As technology development and industrialization 
have been so much interrelated, an attempt is made here to 
correlate the phases of technological advancement with 
the level of industrialization. Table 1.3 presents the

S-shaped growth pattern of the overall technological 
capability of a country in terms of the four phases of tech
nological growth: initiation, expansion, integration and 
maturation.

In least developed countries, a new manufacturing 
industry is initially established in response to a market 
opportunity created and protected by a government import 
substitution policy. Production at this phase is merely an 
assembly operation of foreign components and parts with 
equipment purchased from overseas. Operations technology 
is inefficient, primarily because of low wages and low cost 
pressure in a market with little competition. Owing to a 
lack of technological capability and market incentives, few 
indigenous efforts are undertaken towards technological 
innovations; the infrequent changes that do occur stem 
from changes in parts, components and equipment sup
plied from overseas.

As product design and production techniques become 
assimilated through the accumulation of experience in pro
duction operations, such knowledge spreads quickly within 
the country, resulting in an increased number of firms. 
Production improvement and cost reduction become 
important bases for competition not only in the domestic 
market but also in the increasingly important international 
markets. Indigenous efforts at technological innovation 
become necessary to improve products and to increase 
productivity, leading to relatively more efficient, integrated 
and larger production systems. External influence on an 
enterprise shifts from government and suppliers to custom
ers, competitors and technology. Firms improve operations 
technology to increase productivity and at the same time 
introduce more innovations.

By relating table 1.3 with figure 1.3, it can be ob
served that, at the initial stage of industrialization, devel
oping countries are mostly engaged in the collecting stage 
of technological transformation, where the technology 
content added is very low but the technology necessary 
for the transformation process is very high and mostly 
imported. As a developing country starts to industrialize, 
it gets into the refining and packaging stages of the trans
formation process as well and after some experience with 
imported technologies it moves to a stage of manufacturing 
and eventually processing with its situation changing from 
semi-industrialized to industrialized country.

This general classification of the level of industriali
zation and corresponding technological advancement will 
be used later to explain the trade and international flow of 
technology situation for the developing countries of the 
ESCAP region.
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Figure 1.3 Five stages of technological transformation 
in the production of goods
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Table 1.3. Four phases of technological advancement 
(S-shaped growth pattern)

Characteristics Phase I Phase II Phase III Phase IV

Level of industrialization Non-industrialized Industrializing Semi-indu serialized

Industrial development strategies Traditional approach of 
farming, mining and 
extraction

Mechanization and im
port substitution of 
consumer goods

Production of capital 
goods and export- 
oriented manufacturing

Automation and pro
duction of high-tech 
goods

Level of technological capabilities Lowest Low-Medium Medium-High Highest

Technology development strategies None Import of technologies Indiginization of techno
logies

Export of technologies

Involvement with various stages Collecting 
of technological transformation 
in the production of goods

Collecting, refining, 
packaging

Collecting, refining 
manufacturing, 
packaging

Collecting, refining, 
processing, manufactur
ing, packaging

Technology aspects of imported 
goods

Limited import of ex
tracting, mining and 
farming facilities

High import of collect
ing, refining and pack
aging plants

High import of proces
sing technologies

High import of low- 
tech goods and limited 
import of high-tech 
goods

Technology aspects of exported 
goods

Nil Limited export of low- 
tech goods

High export of low-tech 
and some high-tech 
goods

Limited export of low- 
tech goods and hight 
export of high-tech 
goods

Technological institutions

Source of technical manpower Foreign experts

Consulting engineering

Technological growth phase Initiation Expansion Integration Maturation

4. The concept of technology sectors

Although the importance of technology in national 
development is well recognized, the approaches used in 
national planning in the developing countries do not yet 
reflect this realization. Socio-economic planning aims at 
orienting and regulating the activities of the productive 
system and the services related to the society. From a 
particular structure of the productive and services activi
ties postulated by socio-economic planners, an attempt 
is usually made to derive its technological implications 
and, in turn, to examine the types of technological activi
ties required. In other words, technological considerations 
are incorporated at a much lower level.

Technology needs different emphasis in different 
societies. In the developed countries, where technologies 
are changing in response to the needs of society and are 
being adapted to the rapidly changing socio-economic and 
cultural environment, the attention to technology at the 
project level is perhaps justifiable. However, in the develop
ing countries, where technology is expected to cause rapid 
societal change, it is essential that national development 
strategies should include specific considerations from the 
technological point of view at the highest level.

Moreover, technology considerations have to be 
essentially intersectoral in approach and perspective. Even 
to meet technological needs in priority sectors of the 
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national economy, it is necessary to concentrate upon 
intersectoral aspects of technological development which 
would have an adequate impact on the economy as a whole. 
Many developing countries are embarking on sectoral 
technological approaches in major areas. One alternative is 
to concentrate on one problem area, or on an industrial 
sector or a scientific discipline concentrated around a 
common technological field. The same technological 
problem area can be common to several industrial sectors, 
e.g., metal corrosion and control instruments.

It is therefore essential that an integrated appraoch
to national development planning, incorporating the tech
nological aspects, be considered for harnessing the full 
potential of technology for development. This may mean 
that the development plan will consist of projects which 
could be grouped as follows:

(a) Projects belonging to the “import sector” of 
technology development. These projects, which are based 
on imported technologies, would normally form the back
bone for short-range and rapid socio-economic development 
in various traditional economic sectors;

(b) Projects belonging to the “evolving sector” of 
technology development. These projects are based on 
endogenous technologies, which could enhance harmony 
in the local human surroundings through the middle-range 
and gradual improvement of the rural sector of the eco
nomy;

(c) Projects belonging to the “export sector” of 
technology development. These projects could provide a 
source of foreign exchange income in the long run through 
the production of a few high-potential, new and emerging 
technologies.
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II. STUDY ON POLICY ASPECTS

This chapter presents the policy aspects of technolo
gy advancement and integration of technological considera
tions in the planning process of the developing countries of 
the ESCAP region. It is based on the conceptual and 
analytical framework discussed in the previous chapter.

A. Global considerations

1. International Flow of technology

In the absence of a standard quantative measure of 
the “technology content” of any product, researchers 
interested in technology trade patterns have often used 
various types of piecemeal information to dramatize their 
viewpoints. It is very common to come across statements 
like the following in many international and professional 
magazines and reports:

“The United States is the largest recipient (about one 
third) as well as the largest source (about one half) of 
foreign direct investment in the world (about $26 billion 
per year during 1978 and 1980).”

“The extent of technology payments by developing 
countries of the world as a whole, in the form of fees and 
royalties, increased considerably in recent years and rose 
from about $1.4 billion in 1978 to about $2 billion in 
1980.”

“It has been claimed that, in the period 1955-1980, 
Japanese firms availed themselves of the technological 
contents of over 25,000 licenses for a total estimated cost 
of $6 billion.”

“In 1979, the Republic of Korea exported $309 
million worth of machinery, which was 10 per cent of its 
import figure. But its average growth rate during 1975- 
1979 in this category was extremely high (76.6 per cent). 
Similarly, in Hong Kong, in 1979 machinery exports were 
$655 million, about 50 per cent of imports, and its average 
growth rate for the same period was 61 per cent.”

These statements contain quantitative information, 
which does not reveal the total picture. Similarly, many 
statistical data compiled in various documents on a year- 
by-year basis for exports and imports of commodities for 
most of the countries of the world do not provide a picture 
of the technological situation of these countries. The Stan
dard International Trade Classification (using a grouping 
of SITC-0 to SITC-9) is normally used to present the im
port and export values. In addition, for some countries 

information on the technological situation is available 
through data on foreign direct investments and technology 
payments. The use of values and payments poses two basic 
problems in analysing the real situation with respect to 
the pattern of the international flow of technology. One 
problem is that the value of a commodity cannot be direct
ly equated with the technology content in the commodity. 
The other problem is due to the fact that the technology 
market being mostly imperfect, the price cannot be directly 
equated with the technology content. Therefore, as indicat
ed in the previous chapter, an attempt is made here to look 
at the available statistical data from the technological 
perspective, which may be crude but not unrealistic.

Using the five stages of technological transformation 
presented in figure 1.3 as a general guide, the 0-9 groups 
of the SITC are reclassified as follows:

1. Raw goods (very low technology content) - 
SITC 2, 3

2. Refined goods (low technology content) — 
SITC 0,1,4

3. Manufactured goods (high technology content) 
- SITC 8

4. Processed goods (very high technology content) 
-SITC 5,6

5. Capital goods (very high technology content) 
-SITC 7,9

It may again be emphasized that this is a very proble
matic classification made for the purpose of obtaining a 
better understanding of the current situation than what 
is otherwise possible. There is a need to develop a better 
method of measuring the technology content before a 
meaningful quantitative analysis can be made.

In annex I a set of tables and figures are presented to 
give a general picture of the patterns of trade for selected 
member countries of the ESCAP region using the technolo
gy-based classification mentioned above. It also contains a 
similar analysis using another United Nations classification:

1. Natural resource-intensive technologies: raw
goods (very low technology content)

2. Labour-intensive technology: refined goods
(low technology content)

3. Capital-intensive technology: manufactured 
goods (high technology content)

4. Technology-intensive technology: processed
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and capital goods (very high technology con
tent).

The figures presented in annex I are therefore based 
on a simple qualitative classification of commodities in 
terms of “very low”, “low”, “high” and “very high” 
technology content. It can be observed that developing 
countries such as Afghanistan, Bangladesh, India, Iran, 
Malaysia, Pakistan, the Philippines and Sri Lanka show a 
significantly different pattern of import/export ratio 
compared with the developed countries, such as the United 
States, Japan, the United Kingdom, France and the Federal 
Republic of Germany. It may be of interest to note that 
New Zealand shows a pattern similar to the developing 
countries, while Australia and the Republic of Korea are 
somewhat in between. For certain countries (Japan, the 
United States, Malaysia and the Republic of Korea) for 
which time-series data were available, the pattern remained 
consistently identical.

Figure II.1 gives in general terms the observed pat
terns of import/export ratio based on the concept of 
technology content. It may be observed that the developing 
countries’ import dependence on high-technology commo
dities in absolute terms is much worse than what is ap
parently visible from the ratio. Annex I contains bar-charts, 
which give a better view of the situation. These observa
tions reconfirm the need to identify policy directions 
for increasing indigenous technological capabilities in 
developing countries.

Now, turning to the statistical data concerning 
foreign investment and technology-related payments 
presented in annex I, a general increasing trend is observed 
in most of the developing countries of the ESCAP region. 
However, it may be interesting to relate the growth of 
industrial outputs of the developing countries of the 
ESCAP region with the dynamics of the “technology 
life cycle” presented in the previous chapter. Figure II. 2 
presents an illustration of the changes in the international 
trade situation correlated with the technology life cycle. 
The country of origin of a particular hardware type of 
technology exports its new product in a monopolistic 
market situation. The country of origin is the most advanc
ed country for that particular technology (it could be a 
developing country or a developed country, but in most 
cases it is a developed country). Another developed country 
(which is relatively advanced with respect to the same 
technology) very soon improves its capability to produce 
the same product. Hence, after some time the second (and 
third, fourth etc.) countries substitute their imports and 
start producing for exports. The developing countries 
having very little capability to develop production facilities 
continue to import until the maturity phase of the techno

logy life cycle, when transnational corporations (TNCs) 
shift their production facilities from the developed coun
tries to the developing countries to take advantage of cost 
reductions and other benefits. It is at this stage that a few 
developing countries enter the export market and original 
exporters start to import the matured technologies from 
those developing countries. It should be noted that figure 
II.2 has been drawn in a simplified form for purposes of 
clarity. In an actual situation, there may be many countries 
involved in the production of a technology and the late 
comers may sometimes overtake the early starters. A good 
example of this is the development of automobile industry 
in Japan.

A general pattern of the international flow of techno
logy derived from these analyses is represented in figure II.3. 
In spite of the difficulties in accounting properly the 
technology content of the commodities traded, it can 
generally be observed that a developing country imports 
more technology than it exports, whereas for the developed 
countries the situation is the opposite. This is supported by 
the analysis presented in figure II.1 Now, combining the 
general information provided in figures II.2 and II.2, the 
following observations can be made:

(a) Developing countries import mature technolo
gies from the developed countries under the technical co
operation and other arrangements;

(b) Developing countries export low-technology- 
content products to the developed countries under the 
economic co-operation and other arrangements;

(c) Among the developing countries the technolo
gy trade generally consists of low technologies;

(d) Among the developed countries it is normally 
the high technology that is exchanged.

2. Technological specialization and interdependence

Interdependence exists among countries of the world, 
and progress in technology has underscored the fact that 
no country, no matter how powerful it is, can maintain 
policies without regard to what other countries are doing.

As modern societies become more technology
intensive and future technological developments become 
numerous and diverse, the interdependence of countries 
is bound to increase owing to wider material and resource 
needs. Annex II presents a table giving the source distribu
tion of some important industrial raw materials. This table 
is incomplete and only includes major producers. However, 
it clearly shows that no country is likely to be self-suffi
cient for all-round technological development. Moreover,
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Figure II.1 Observed patterns of import/export ratios based on technology content
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Figure II.2 Technology life cycle and international trade
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the demand for all kinds of technologies is growing 
throughout the world.

In modern times, technology is being increasingly 
shared by the global community. The rise of TNCs and 
the world-wide dispersal of R and D activities have facili
tated this process. Moreover, international technological 
competition has increased. Although a relatively small 
number of TNCs control an increasingly large share of 
production and trade in industrialized and industrializing 
worlds as shown in annex II, gone are the days when a 
particular nation or a TNC could afford to take its techno
logical leadership in any industry for granted. The present
day world is full of technological competition and specia
lization which keep shifting from country to country 
owing to changes in their strategies and R and D invest
ment. As countries like Japan and the Federal Republic of 
Germany rapidly recovered from the devastation of the 
second World War and devoted more of their energies and 
resources to importing, adapting and extending technology, 
they narrowed the technological gap considerably and in 
some areas surpassed the United States. In automobiles 
and micro-electronics, the Japanese, starting from a much 
lower level, have advanced more rapidly than the United 
States.

Until 1970, Europe had technological leadership in 
many areas such as machine construction, electronics, 
communications, chemicals and shipbuilding. During the 
1970s the European leadership in some of these areas was 
lost to the United States and Japan (chips, cameras, cars, 
watches, video-recorders, micro-electronics and consumer 
electronics).

In many developing countries, import substitution 
of consumer goods was viewed as an effective method to 
create and develop self-reliance, but this has not reduced 
their technological dependence.

Many reasons can be identified for this dependence, 
such as:

(a) Limited size of domestic markets in some 
developing countries and the fascination with imported 
goods;

(b) Difficulties on account of duality in econo
mies of developing countries. Demand for technology 
comes from the élite modern sector, which is financially 
and technologically linked with foreign sources (mainly 
TNCs);

(c) In the absence of local capabilities to absorb 
foreign technology, operations of TNCs have tended to 
increase technological dependence;

(d) International financing practices reinforcing the 
dependence on foreign technological sources through 
tied-up credit and use of foreign consultants;

(e) The imperfections of the international techno
logy market, which has consistently tended to be a seller’s 
market, bristling with problems regarding prices, restrictive 
conditions, faulty adaptation etc.;

(f) The separation of the national technological 
system from the decision-making process.

Technological dependence cannot be truly measured 
by the amount of technology importation. Even technically 
advanced countries are heavy importers of technologies 
from other countries. This is due to considerable technolo
gical specialization occurring throughout the world and the 
widespread distribution of raw materials and other inputs 
necessary for technology development. Technological 
specialization is a necessity for both survival and progress.

Throughout the world, there is an increasing trend 
towards convergence of various technological strategies 
used by both centrally planned economies and market 
economies, leading to further interdependence. At one 
time there was heavy concentration of basic industries in 
the Eastern Bloc countries and research-intensive industries 
in the Western Bloc countries, which are now moving 
towards a common profile. Vertical concentration of highly 
selective industries in the East and horizontal concentra
tion of highly diversified industries in the West are approa
ching a balanced combination. The centralized system of 
decision making in the East as well as the decentralized 
system in the West are now approaching a middle course 
position, and similarly the traditional supply-push orienta
tion of the East and the demand-pull orientation of the 
West are also moving towards an equilibrium profile.

Interdependence is also increasing owing to the 
migration of professional, technical and kindred workers. 
This migration occurs in several ways. Intra-developing- 
country migration is mostly temporary and related to bet
ter economic opportunities. Intra-developed-country migra
tion is also mostly temporary and related to better em
ployment opportunities. Migration from developed to 
developing countries is again mostly temporary and comes 
under the technical assistance programmes. However, the 
migration from the developing to the developed countries 
is mostly of a permanent nature, creating problems of 
brain drain and reverse transfer of technology.

As R and D efforts spread in all countries of the 
world, a new form of technological interdependence is 
being observed nowadays in terms of research activities 
being carried out by the TNCs and aid-giving agencies in
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Figure II.3 General pattern of the international flow of technology
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the developing countries. The availability of a relatively 
cheap technical labour force in the developing countries 
for undertaking knowledge-based research is one of the 
reasons for this phenomenon. Another reason is that the 
developing countries provide an opportunity for these 
agencies in collecting data relavant to certain natural 
environments which are not available in their home coun
tries (e.g., solar energy research). Yet another reason is 
the field-testing facilities provided by the developing 
countries for new drugs and chemicals developed by TNCs.

Although human wants and needs are universal and 
priorities are to be set on the basis of the specific socio
economic situation, in several developing countries in
consistent priorities can be observed. The demonstration 
effect of the production patterns and consumption styles 
of developed countries exercise a predominant influence 
upon decision-making elites and the urban population in 
developing countries. The explosive advances in internatio
nal telecommunication technology have also reinforced 
this identity of production requirements and consump
tion patterns. There is thus a tremendous overlap between 
technologies for satisfying wants in developed countries 
and those of elites in developing countries. This reinforces 
the global interdependence in favour of the countries, 
which have technologies. The raw material interdependence 
is sometimes in favour of the countries which do not have 
technologies. Equilibrium in global interdependence may 
be achieved only when every country in the world is 
able to develop some exportable technologies to pay for 
the technologies its imports.

3. R and D investment and technological alternatives

A major portion of the technologies are produced 
in the R and D units and organizations of the private 
sector in the developed world. The private sector produces 
technologies that can be sold since its their motivation is 
understandably economic. Annex III gives tables and 
figures showing the historical pattern and distribution of 
R and D expenditure in some ESCAP member countries 
and some selected developed countries of the world.

Nations that spend relatively large amounts on R and 
D in any industry tend to be relatively quick in reaping 
the benefits of new technology, even though they are not 
the original innovators. This is analogous to the fact that 
firms that spend relatively large amounts on R and D 
tend to be quick adopters of new technology developed 
by others. Both for entire nations and for individual firms, 
R and D provides a window to developments in various 
parts of the outside world, enabling the nation or the firm 
to evaluate external developments and react more quickly 
to them.

A number of studies have been made on the assump
tion of technological leadership by Japan over the United 
States and the European countries in certain technologies. 
These studies indicate the reasons as follows:

(a) No large research programme for industry in 
Europe ;

(b) No national funding of industrial research;

(c) Co-operative efforts suffered owing to competi
tion;

(d) In the United States, venture capitalism, tax 
benefits and easy bankruptcy laws encouraged many start
ups and drop-outs;

(c) In Japan, multicompany research laboratories 
with common goals thrived under the guidance of the 
Government.

Realization of these factors has led to the starting 
of multicompany research projects in the United States 
and European countries. In the United States, two huge 
new programmes in electronics and computing are getting 
under way:1

1/ Newsweek 24 July 1983.

 2/ Europe, vol. 5, No. 4, July-August 1983.

(a) The Microelectronics and Computer Technolo
gy Corp. This includes Honeywell, Motorola, RCA, Con
trol Data and eight other major United States corporations. 
Budget of $75 million a year with a staff of 250 engaged in 
a 10-year programme;

(b) The Semiconductor Research Corp. A non
profit research consortium of 13 United States chip manu
facturers, including Control Data Corp., Digital Equipment 
Corp., Hewlett-Packard, IBM, Intel and Motorola. Budget 
allocation of $30 million for 1984.

In 1982, R and D expenditure by the European 
Economic Community (EEC) was $550 million. This was 
in addition to the sums spent by member Governments. A 
new programme called the European Strategic Programme 
for Research and Development in Information Technology 
was set up after consultations with industry, universities, 
research institutions and EEC member States in order to 
mount a "technological push" across the community to 
achieve parity with, if not superiority over, American and 
Japanese competitors within the next 10 years.2 EEC, 
which already spends $600 million a year in industrial 
research, is now launching a new $1 billion “catch-up and 

20



confront” programme to bring European information 
technology up to the American and Japanese levels.3 In 
the United States, the Pentagon's Defence Advanced 
Research Project Agency has established a new project 
entitled “Strategic computing and survivability”, which is 
a push for advanced supercomputing and artificial-intelli
gence technologies that may cost as much as $1 billion.

3/ P. Lewis, “Europe gears up for world class technology”, the
New York Times, 17 April 1983.

Agriculture and health are two areas in which sub
stantial R and D programmes are supported in the United 
States and other developed countries with government 
funds. The 1975 United States government R and D expen
diture on agriculture and health was $2,850 million. These 
research outcomes benefit developing countries consi
derably as the technologies are not controlled in the same 
fashion as in case of the other sectors of the economy.

For the other sectors of the economy (industry, 
transport, communications, energy etc.), the developing 
countries need to get into the business of R and D invest
ment in marketable technology production. The com
position and size of an industry’s R and D expenditures 
influence that industry’s rate of productivity increase. 
Similarly, it is believe their a direct relationship exists 
between the amount of basic research carried out by an 
industry or a firm and its rate of productivity increases.

For the bulk of the developing countries in the 
ESCAP region, which are late starters in the R and D 
activities, the most important question is not necessarily 
the quantum of effort, but that of making strategic choices 
regarding the areas of specialization. This is a very com
plex and difficult task in view of the existence of innumera
ble choices and alternatives for each area of technology. 
Table II.1 illustrates these alternatives, variations and 
diversification. Further strategic considerations in formu
lating the R and D policies for the developing countries 
of ESCAP region are discussed in chapter IV. A.

4. Foreign assistance

Foreign assistance and services still cover most stages 
of development project implementation in many develop
ing countries of the ESCAP region, ranging from feasibility 
studies, basic engineering, detailed engineering, product and 
process technology to plant construction, operation and 
marketing. However, there is some criticism of its ineffec
tiveness in developing countries, for which it is difficult 
to blame either the donors or the recipients. Development 
aid has been criticized as being of little help to the poorest, 
as unduly favouring the small ruling elites in the developing 
countries and the donors, as being used for security and 
commercial purposes etc. The donor countries have been 
criticized for perpetuating through foreign aid their in
fluence upon erstwhile colonies and continuing their 
hold upon traditional markets for raw materials and pro
ducts. Developing countries have also been criticized for 
the excessive leaks in aid through corruption etc. and the 
use of aid to benefit directly or indirectly the ruling elites 
and the expatriate experts/advisers.

The experience with development aid during the 
last quarter of a century has on the whole been disappoint
ing. Despite the almost steady increase in the flow of ex
ternal resources (including the foreign aid to developing 
countries), material progress in most developing countries 
has been relatively insignificant and the gap between them 
and the industrialized nations has grown constantly.4 In 
the context of technology, it is necessary for ESCAP 
developing countries to understand clearly the complexity 
of foreign aid and realize their responsibilities in its proper 
utilization. Food and basic health-related technologies 
may be available to them at very little or perhaps no cost. 
But industrial technologies are mostly traded in an imper
fect market. Therefore, in order to be equal and dignified 
partners in this technology trade, they have to increase 
their expenditure on R and D from the current average of 
0.5 per cent of GNP to a much higher level.

Otto Matzke, “The limits of development aid”, Swiss Review
of World Affairs, June 1983.
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Table II.1 Illustration of Technology Alternatives, Variations and Diversification

Area of technology Alternative objectives Alternative fields of activities

1. Energy and materials - More efficient use of energy and ma
terials (improving the materials or pro
cesses)

- Natural resources surveys
- New and renewable energy resources
- Non-conventional sources of energy
- Securing of medium and long-term 

energy supplies
- increasing energy supplies at an econo

mically acceptable cost
- Protection against the hazards of energy 

conversion and application of energy
- Widening the raw material base, con

servation and recycling of raw materials

- Production of consumer services with 
less consumption of energy and raw 
materials

- Evolutionary replacement of metals and 
alloys by ceramics, composites and 
polymers; synthetic chemistry, fibres 
and elastomers

- Anti-corrosion through surface treat
ments (refractory coatings, iron implan
tation, electron beam or laser treat
ment)

- Fast breeder nuclear reactors; nuclear 
fusion

- Remote sensing through satellites
- Solar, wind and biomass energy, geother

mal energy
- Coal utilization including gasification
- Special alloy steel, infrared materials, 

cryogenic materials
- Construction materials

2. Information technology - To improve the delivery of public 
services such as health care, education, 
transportation dispatching, welfare and 
income transfer

- To control the flow of energy more pre
cisely to where it is required in end use

- To increase the productivity of human 
labour

- To create self-supporting data processing 
systems and computers required in 
industry and the government sector 
and intermeshing of data processing with 
communication technology and other 
techniques of information processing 
to improve communication and data pro
cessing systems and handling of software

- Remote sensing techniques
- Micro-electronics, micro-processor appli

cations
- System analysis
- Industrial process control, automation 

and control of electrical services
- Household equipment
- Fibre optics data communication link

3. Micro-electronics - Development of efficient and reliable 
systems needed to support the electro
nics industry

- Establishment of a viable technology 
base for electronics development

- Semiconductor materials and devices
- Industrial control systems, silicon and 

other electronic materials
- Microprocessors and instrumentation
- Opto-electronic components
- Manufacturing process for semiconduc

tors
- Electronic medical equipment
- Thyristor-controlled industrial devices

4. Aerospace - Promoting the exploration of space
- Exploring new technology and pro

cesses by means of the reusable space 
laboratory

- Contributing to solving the problems 
of long-range weather forecasting and 
registration of all source of raw materials 
and food by means of remote sensing

- Turbo machines and combustion, air
craft structure

- Active flight control technology, rigs and 
tools development

- Telecommunication satellite systems
- Technology for development of satellite 

launchers
- Rocket motor propulsion system

22



Table II. 1 (Continued)

Area of technology Alternative objectives Alternative fields of activities

- Design and building of rockets and 
satellites for scientific research and 
practical applications for methodology 
and remote sensing

5. Communications - Increasing productivity of information 
and communication - intensive work

- Improving, solutions to public problems
- Maintaining the competitiveness of the 

communications industry
- Training through TV and radio

- New technology and technical communi
cations equipment

- Satellite technology
- UHF/microwave communication systems
- Tethered ballon technology
- Infrared and mm wave technology
- Telemetry, video technology, telecon

trol
- Telephone instruments, switching and 

transmission of telephone signals, TV 
and radio equipment, TV translator

- FM transmitting equipment, acoustic 
engineering studies

6. Agriculture and water - Improvement of food grains production
- Improvement of production technology
- Improvement of livestock and disease 

control
- Increase, maximization and stabilization 

of wood and application methods
- Improvement of the quality and reduc

tion of the cost of production of plant 
and animal products

- Optimum development of water re
sources

- High-yielding crop varieties
- reclamation of saline, alkaline and desert 

soils resulting in productive lands
- Sugar technology
- Crop protection
- Irrigation: construction practices, applied 

hydrology
- Use of remote sensing techniques for 

monitoring, increasing and identifying 
activities

7. Environmental, biological and chemical - To combat industrial pollution
- To secure the elementary basic necessi

ties of life for the individual and the 
community

- To reduce or eliminate recognizable 
sources of pollution of the environ
ment

- To ensure the wise utilization and en
gineering of the environment from the 
ecological point of view

- Safety to handle and permanently 
to dispose of toxic organic wastes

- New pharmaceutical developments: viral 
diseases etc.

- Weather and climate control; ecology 
and non-polluting technologies, rural 
sanitation, protective measures, noise 
abatement ; oceanography

- Engineering of the stratosphere and 
earth’s albedo

- Ecosystems analysis and renewable re
sources management

- Development of sewage and industrial 
waste purification techniques

- Treatment of sewage sludge and produc
tion of fertilizers from it

- Refuse incineration process; returning 
waste to the biological cycle; enzyme 
engineering; agrochemicals

- photochemistry, photosynthesis; cata
lysis and interface chemistry, global 
chemicals cycles and man's impact on 
them (e.g., carbon, nitrogen, sulphur, 
phosphorus, water)

- Biological production of fuel, molecu
lar structure

- Genetic engineering; fermentation; bio
mass conversion process
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Table II.1 (Continued)

Area of technology Alternative objectives Alternative fields of activities

8. Transportation - To increase safety, particularly on the 
roads and sea

- To reduce environmental pollution caus
ed by transport systems

- To Improve existing means of transport 
and routes and develop, test and in
troduce new transport technology

- To identify the future development 
trends in transport sector and select 
them in terms of the overall economy 
of investment projects

- To optimize the operational efficiency 
and quality of the existing systems

- Marine instrumentation
- Safety and efficiency of commercial 

shipping
- Machine tools for automative industries, 

motor vehicles
- Equipment and machinery for the auto

mative industry
- Metal and non-ferrous metal industry, 

steel etc.
- Highway materials and construction, 

bridges and highway structures
- Various modes of road transport like 

motorized cycle-rickshaws, minibuses 
and bullock carts

- Artificially developed ship channels, 
coastal erosion and protection, floating 
breakwaters, marine structures, ports 
layouts, designs for light beacons etc.

- Ship design, aircraft design, engine 
design and production control system

Sources: OECD, Science and Technology Policy for the 1980s, Paris ;
SC.82/CASTASIA 11/3;
Government of India, Department of Science and Technology, science and technology, " 6th Five Year Plan;
National Science and Technology Policies in Europe and North America, 1978: Present Situations and Future Prospects, SPSD
No.43

B. Regional overview of policy aspects

1. Technology planning process

Since the formulation of the Vienna Programme of 
Action in 1979, there has been a marked shift in the focus 
towards technology planning in the member countries of 
the ESCAP region. Technology as an instrument for accele
rating economic and social development is now accepted 
nearly everywhere and given special attention; but, for 
various reasons, technology planning has remained a kind 
of mirage which disappears as soon as the harsh political 
and budgetary realities are faced.

Among the various countries of ESCAP region, 
India has a fairly strong technological base in South Asia. 
Right from the launching of economic planning, India 
announced its science policy. Recently, in 1983, India 
announced its technology policy with the major emphasis 
on self-reliance in technology. Pakistan has also launched 
efforts to develop technology and has enumerated its 
policy measures in the current plan. Nepal announced its 
technology policy in 1981 along with its Enterprise Act. 
Sri Lanka has emphasised the infrastructure development 

for technology but has yet to announce a comprehensive 
technology plan and policy.

In South-East Asia, Thailand has announced its 
science and technology policy in the current plan with 
emphasis on increased production, manpower develop
ment, creation of a strong data and information base and 
promotion of appropriate technological transfer. Malaysia 
does not have an explicit science and technology policy. 
However, the present plan has given importance to this 
aspect and efforts are under way to formulate a compre
hensive science and technology policy. The Philippines has 
outlined a science and technology development policy in 
its current plan and has emphasized assessment, adaptation, 
improvement and utilization of available indigenous and 
foreign technologies. Emphasis has been laid on R and D 
as a supportive component in basic research. Indonesia does 
not have a comprehensive technology policy but has 
formulated broad goals for enhancing R and D capabilities. 
The Republic of Korea has set clear goals for science and 
technology development in its present plan. China has a 
policy on science and technology and emphasizes both 
indigenous technology and the selection, assimilation and
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adaptation of foreign technology. The other countries of 
the region are trying to formulate a proper and comprehen
sive technology policy. Efforts are also under way to in
tegrate the technology policy with economic planning.

In the planning procedures, financial preoccupations 
have quite often taken precedence over technology consi
derations, thereby relegating technology to a mere sideline 
of the main development plans. In most of the developing 
countries of the ESCAP region, technological considera
tions in development planning suffer owing to:

(a) Other priorities taking precedence over techno- 
logy;

(b) The practice of formulating sectoral plans 
without attention to technology and its cross-sectoral 
implications;

(c) Lack of commitment to technology as an im
portant strategic variable ;

(d) The dominance of the foreign assistance com
ponent in the development plans of some developing 
countries, leading to reliance on technological decisions 
made by outsiders;

(e) Failure to incorporate national technological 
goals and considerations in the formulation, appraisal, 
monitoring and evaluation of projects.

In addition to the above-mentioned problems, in the 
developing countries of the ESCAP region the lack of a 
well-organized conceptual and theoretical framework that 
would organically link technology and the development 
process constitutes an obstacle that will have to be sur
mounted before achieving more satisfactory treatment of 
technological issues in the socio-economic development 
planning process. The administrative structure of govern
ment and the planning process are usually not divided into 
areas that adequately match the needs of technology plan
ning. Therefore, technology planning should cut across 
different institutions, tie things together and establish 
programmes that are carried out jointly by several adminis
trative departments. As was mentioned in the previous 
chapter, for technology planning purposes, it may be 
worth while to consider the development plans from the 
viewpoint of three technology sectors, namely, the import 
sector, the evolving sector and the export sector.

There are at present no unified technology planning 
procedures in the developing countries of the ESCAP 
region. However, there is increasing realization of the need 
for a comprehensive technology planning procedure. The 
objectives of technology plans in various countries are 
usually expressed as follows:

(a) Importation, adaptation and modification of 
technologies produced elsewhere;

(b) Advancement of the technology development 
capability of the country ;

(c) Creation of a climate for the acceptance of the 
need for technological change.

The common procedures followed by some coun
tries in the preparation of their technology plans (e.g., 
India, the Republic of Korea and Thailand) are:

(a) Macro-level (national): understanding the pro
per role of technology for national development, specifi
cally for the purpose of formulating technology policies 
within the framework of socio-economic development 
plans;

(b) Micro-level (sectoral): emphasizing technologi
cal advancement in all sectors of the economy ;

(c) Project-level: emphasizing how to obtain a 
particular technology, specifically for the purpose of 
funding.

Several problems have been experienced in this pro
cedure. At the national level there is a dominant concern 
regarding the unemployment aspects of technological 
change. The developing countries have to realize that all 
processes of modernization and change result in some 
structural unemployment. As shown in figure II.4, the 
experience of the developed countries shows that the em
ployment situation changes continuously with the advance
ment of technology. Therefore, without being excessively 
concerned with unemployment, national planners need to 
explore the opportunities for achieving structural changes 
and expansion of the base of the production facilities. In 
developing countries it is necessary that industrial develop
ment be accompained changes in the source of technology 
as shown in figure II.4. The experiences of ESCAP member 
countries, particularly by Japan, the Republic of Korea, 
China and India, suggest the following important points 
for effective technology planning at the national level:

(a) It is essential that planning for technology be 
a dynamic process;

(b) The shift from import substitution of consumer 
goods to capital goods and then import substitution of 
technology itself is a difficult one and requires careful 
planning;

(c) The dimension of time is particularly critical 
for planning technology development. Development of 
technological capability requires a long gestation period;
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(d) In the early stages of development, protection 
of local technological efforts is essential, but this should 
gradually be withdrawn;

(e) Fostering competition and market orientation 
are very important for technology development;

(f) The will to solve one’s own problems and poli
tical, administrative and financial commitment at the 
highest national level are necessary pre-conditions for the 
preparation of any useful technological plan.

2. Technology development options and strategies

Developing countries which lack most technologies 
have two options: either to reinvent everything, which is 
obviously futile, or to make a “deal” with those who make 
what they need. The “deal” that works best is the “ex
change of technology”. Such technology sharing is possible 
only if the developing countries possess the potential and 
strength in some areas. If they are weak in every respect, 
they cannot be active parties to anything.

For every country, however developed or non
developed it may be, the most practical strategy for techno

logy development is to “make some and buy some”. 
However, individual national resources, capabilities and 
priorities can lead to widely varying choices about the mix 
of the two options. The “make some and buy some” strate
gy gives a developing country the opportunity to take 
advantage of its late-starter status, the advantage of select
ing an appropriate area of specialization and the potential 
to exploit the technology trade in the international market
place.

But the effective adoption of this strategy depends 
upon the current technological capabilities of a country. 
Utilizing the analytical framework described in chapter I, 
a brief status report on the current technological capabili
ties of ESCAP member countries is presented in table II.2 
Corresponding to the five stages of technological transfor
mation in the production of marketable goods, the capa
bilities have been assessed using two basic factors: (a) avai
lability of transformation facilities in the ESCAP region 
corresponding to these five stages of transformation and (b) 
availability of technological capabilities to develop these 
transformation facilities, corresponding to the same five 
stages of transformation. Using the information provided 
in the various annexes with respect to production, import, 

Table II .2 Technological capabilities of ESCAP countries with respect to five 
stages of technological transformation

Capabilities
Stage of Technological Transformation

I-collecting II-refining III-processing IV- manufacturing V-packaging

1. Availability of transfor
mation facilities in va
rious countries
(a) Non-industrialized
(b) Industrializing
(c) Semi-industrialized 
(d) industrialized

X
X
X
X

X
X
X

X
X

X
X
X

X
X 
X
X

2. Availability of techno
logical capabilities to 
build transformation fa
cilities in various coun
tries
(a) Non-industrialized
(b) Industrializing 
(c) Semi-industrialized 
(d) Industrialized

X
X

X
X
X X

X
X
X

X
X

3. Classification of ESCAP 
member countries
(a) Non-industrialized
(b) Industrializing
(c) Semi-industrialized
(d) Industrialized

Afghanistan, Bangladesh, Fiji, Nepal
Indonesia, Malaysia, Pakistan, Philippines, Thailand
Australia, China, India, New Zealand, Republic of Korea, Singapore 
Japan
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export and payments related to technology for ESCAP 
countries, an attempt is made to classify these countries 
according to the four simple groupings normally used to 
describe the level of industrialization. The general picture 
that emerges from this analysis is shown in table II.2. 
The classification presented in this table is based purely 
on technological considerations and not upon any other 
criteria.

In the ESCAP region there is a wealth of information 
available regarding the experiences of Japan, the Republic 
of Korea with respect to their technology development 
strategies. A brief account of some of the important 
features of their technology development strategies is given 
below:

(a) Japanese experience
(i) Spreading of imported technologies to 

various local firms to create competitive 
pressure for innovation;

(ii) Market sharing quota for foreign and in
ternal technologies to promote utilization 
and competition;

(iii) Importing basic technology and produc
ing peripheral technologies locally to in
corporate unpackaging;

(iv) Concerted action by the Government to 
regulate import of technologies in order 
to stimulate local development;

(v) Controlling trade in order to promote and 
protect the “infant technologies”. Libera
lization of goods and technology imports 
done gradually to promote industrial and 
technology development and competi
tiveness. (Progressive path of liberaliza
tion not continued protectionism as 
practised by many LDCs);

(vi) Initially an interventionist phase (govern
ment laboratories as direct intermediaries 
in the process of technology import) and 
later a liberalized phase (regulatory ac
tion by the Government through the 
Ministry of International Trade and 
Industry (MITI).

(b) Korean experience

(i) Selective concentration (technology de
velopment along a narrow front owing to 
limited technical and financial resources);

(ii) Gradual build-up of a balanced techno
logy development strategy (progressive de

velopment of successive phases of a 
strategy);

(iii) Controlled opening of foreign technology 
while increasing gradually the imported 
technology;

(iv)  Use of a Government-sponsored interme
diary to initiate and accelerate the 
technology development process.

(c) Chinese experience

In China, the State Science and Technology Commis
sion and the State Planning Commission are institutionally 
linked through the sharing of a common Science and 
Technology Planning Office. The chairmen of both Com
missions are members of the State Council, which is also 
advised by a high-level science and technology leading 
group chaired by the Prime Minister. China continues to 
restructure its science and technology infrastructure for 
enhanced growth in its drive to quadruple its gross indus
trial and agricultural product by the end of this century. 
To this end, China has endeavoured to:

(i) Advance in science and technology in co
ordination with social and economic 
development with the primary purpose 
of accelerating economic development;

(ii) Emphasize research into production 
technologies in order to select the correct 
kind of technologies and create a proper 
technological structure;

(iii) Develop and popularize technologies in 
the production sectors;

(iv) Emphasize strengthening basic research 
step by step to obtain better quality and 
results;

(v) Emphasize grasping and assimilation of 
foreign scientific and technological ad
vancements, based upon the principle of 
self-reliant development of China’s 
science and technological capability.

From the experiences of some ESCAP member 
countries, such as the Republic of Korea, Japan, India, 
China and Malaysia, it is possible to observe the emergence 
of a coherent technology development process. Figure II.5 
gives a schematic presentation of this very complex process 
of technology development. The technological needs are 
derived from national socio-economic goals. A country’s 
technology development strategy is then determined by 
combining these identified technological needs with poten
tial technological developments in the world (technology 
forecasting) and a thorough assessment of available and 
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emerging technologies. Then, as mentioned earlier, the 
country determines a strategy to import technologies 
which it cannot practically develop itself and identifies 
technologies which can be produced locally. Now, there is 
universal realization that unless a concerted attempt is 
made to build local technological capabilities for absorbing 
imported technologies, any attempt to develop indigenous 
technologies encounters enormous difficulties. Even with 
regard to imported technology, it is essential for a country 
to be able to select, digest, adapt and improve it for local 
consumption. All of these efforts justify greater priority 
and allocation of resources to R and D. A prerequisite for 
effective utilization of R and D resources is the develop
ment of technological infrastructure within the country, 
including institution building, manpower development, 
provision of support facilities and creation of an innovative 
climate.

Initially, a developing country may devote its entire 
R and D efforts to assimilation of imported technologies, 
which may gradually be reduced to allow diversion of some 
resources to R and D efforts directed towards improving 
traditional technologies and producing new technologies. 
In other words, there is always a time lag between the 
involvement of a country with the production of interna
tionally marketable technologies and the time when it 
starts investing in the assimilation of imported technologies. 
For example, in Japan, for every $4 worth of imported 
technology about $5 were spent in local R and D efforts to 
digest these technologies with a success rate of about 50 
per cent.

The first step in the technology development process 
is the building up of capabilities to receive imported 
technologies. The current status of this technology infras
tructure in the ESCAP developing countries is discussed 
in chapter II.C. Here it may be worth while to note some of 
the general principles which have emerged with regard to 
the planning for development of indigenous technological 
capabilities:

(a) It is important to be selective in self-develop
ment of technology (taking advantage of natural and hu
man resources available) and emphasis should be given to 
total integration of all activities in the technology produc
tion chain to achieve self-reliance. This point is directly 
related to selectivity in industrialization. Each country 
needs to identify a few strategic industries for emphasizing 
technological leadership;

(b) In selecting areas for development, a country 
can be inward-looking in some areas (local technology for 
the local market) and outward-looking in some other areas 
(local technology for the external market);

(c) Import substitution can only be a temporary 
strategy. Protection against competition is not healthy in 
the long run. Therefore, the degree of protection should 
gradually be reduced;

(d) In the technology production chain, a number 
of activities involving basic and applied research can be 
undertaken, but it is important to be able to discard some 
of the non-productive projects and concentrate from time 
to time upon those which have high commercial'potential;

(e) It is necessary to provide incentives for gradual 
incorporation of indigenous technologies into the produc
tion system and to promote the demand for technological 
change and steer adequately its rate (how much), con
centration (where) and direction (what kind) through 
policies;

(f) There is a need to reduce wastages in trained 
resources (sending the wrong persons for training and shift
ing people after training);

(g) Development objectives and policies must be 
stable, but procedures should be flexible and dynamic. 
A subtle balance must be maintained between control and 
promotion;

(h) Technology development is best achieved 
through collective effort. Individuality, which tends to aim 
at being unique rather than practical, should be avoided;

(i) Every country can learn and benefit from the 
experiences of all other countries.

3. Considerations for technology imports

Technology imports in the region are growing rapidly. 
This can be observed from the growth of payments of 
technology contracts and also by the growth of trade in 
capital goods. Annex I provides statistical information on 
the growth of the technology trade in the ESCAP member 
countries. Proper understanding of the note of TNCs in 
technology imports is discussed in chapter IV. B. In this 
section, a general overview is presented on various national 
strategies with respect to the import of technologies.

The technology regulating agencies of many ESCAP 
countries have primarily viewed the question of foreign 
technology in relation to specific contractual terms and 
conditions under which such technology is imported.5 
Inadequate attention has been paid to the national strategy 
for technological progress (self-reliance). Technology im-

See UNCTAD documents, such as (TD/B/C.6/90 and TT/AS/5); 
and UNIDO documents, such as Development and Transfer of 
Technology Series, Nos. 12 and 15
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Figure II.5 The process of technology development
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port agreements in most ESCAP developing countries are 
usually negotiated at the firm level. The Technology 
Transfer Board in the Philippines and the Technology 
Agreement Unit in Malaysia are designated agencies in these 
countries for screening and monitoring technology con
tracts.

The comprehensive approach adopted by Japan for 
guiding the technology import agreements may be empha
sized here. This guidance was provided with the clear-cut 
objectives of national technology development through a 
collective mechanism of shared decision making. The deci
sion-making process organized by MITI involved technical 
subcommittees with the participation of MITI's own staff 
and representatives of the largest national laboratories and 
business associations, consultants, technical specialists 
from universities and industry and officers from the firms 
involved. Representatives came from four groups:

(a) Producers of the product — who tend to prefer 
imported technology with no risk involved;

(b) Consumers of the product — who tend to prefer 
imported technology for commercial reasons;

(c) Service industries - which prefer indigenous 
manufacture of necessary equipments and parts;

(d) National technological system — which tends 
to promote the utilization and development of internal 
technologies.

The experience of other developing countries in the 
ESCAP region highlights the importance of gradually pre
venting technology imports in those areas where there is 
the highest local potential. The most important instrument 
for favouring internal technology is “controlled competi
tion” through market sharing. This can be secured through 
balancing the market between the firms using indigenous 
technology and others using imported technology, so as to 
force improvements in local technology through competi
tion.

Ideally, imported technologies should both enhance 
industrial development in terms of efficient production, 
employment and exports and stimulate the establishment 
of local technological capability. Both of these objectives 
can be achieved only through conscientious and compre
hensive technology policies and carefully designed imple
mentation measures. National development schemes which 
discriminate neither against inward-oriented nor against 
outward-oriented activities would probably be the ideal, 
and striking such a balance requires that government 
subsidies be neutral between the two types of activities. 
Concerted efforts are needed to stimulate the local techno
logical milieu by planning ahead with the required inputs.

Technology import should lead to genuine assimi
lation of the technology by the recipient enterprise and 
the host country economy and generally should help to 
strengthen indigenous technological capabilities. Such 
assimilation and development may be defined to mean the 
internalization of the knowledge and skills needed to 
operate the production system and more generally a learn
ing process leading to the development of capabilities 
for adapting and modifying the imported technology and 
ultimately generating indigenous technologies. It is con
venient to identify four stages in this process:

(a) Production engineering: the ability to operate 
and modify the existing system;

(b) Project engineering: the ability to establish a 
new production system;

(c) Tool engineering: the ability to manufacture 
capital goods for the new system;

(d) Technology generation: the ability to innovate 
through research and development.

As has been pointed out earlier, it is necessary for 
the developing countries to note that technology exports 
from developed countries usually follow the tail-end of the 
technology life cycle. Exclusive reliance on assimilation of 
these technologies will not be adequate without enhancing 
the endogenous capabilities for creation of new technolo
gies. Although the diffusion of technologies by imitation 
is adequate in the beginning, extensive intra-firm and inter- 
firm diffusion of imported technologies is necessary for 
improving local capabilities. For all of these purposes, 
basic R and D capabilities are essential. The mere import 
of technologies without adequate R and D efforts to 
assimilate, diffuse and enhance imported technologies is 
meaningless.

A brief summary of measures that are necessary for 
effective utilization of imported technologies in the 
developing countries of the ESCAP region which could 
form the backbone for the rapid development of technolo
gies in the “import sector” technology are:

(a) Identification of national technology needs;

(b) Search for available technologies;

(c) Development of importing enterprises;

(d) Evaluation of local capabilities;

(e) Undertaking R and D efforts to digest imported 
technologies;

(f) Adapting imported technologies;
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(g) Improving imported technologies to produce 
new technologies.

Some useful means for accelerating the digestion of 
imported technology, which have worked well in some 
ESCAP countries, are worth mentioning here:

(a) Limiting the import of technology by some 
numbers of years (five to seven years) and forcing local 
development;

(b) Providing incentives for R and D activities in 
private industry to increase local content and unpackaging 
imported technologies;

(c) Increasing R and D linkages with the produc
tion sector by promotion or compulsion.

The extent of the contribution of imported techno
logy to the technological capability of a host country is 
affected by a number of factors:

(a) The channel used for technology transfer;
(b) The level of development of the host country’s 

technological infrastructure;

(c) The efforts made by domestic enterprises in 
assimilating the imported technology;

(d) The nature of the host country’s policies.

4. Integrating technology and socio-economic planning

In developing countries of the ESCAP region, success
ful integration of technological considerations into the 
socio-economic development planning process is still lack
ing. This is an area that requires further research and con
siderable strengthening.

In India, the development of technological activities 
took place even before the country attained independence 
in 1947, and has played a significant role in the subsequent 
building up of technological infrastructure. The National 
Research and Development Corporation was set up in 1953. 
In 1958, the scientific policy resolution was enunciated. 
Then, in 1971, the setting up of the National Committee 
on Science and Technology was an important step towards 
systematic planning of technology for development. From 
1974, India started to produce national science and techno
logy plans along with its five-year development plans. 
Later, in early 1980, the Government of India set up a 
Cabinet Committee on Science and Technology to assist 
in the implementation of national science and technology 
plans.

Other countries have a much shorter history of 
technology planning. Table II.3 provides a general picture 

of the creation of a separate ministry for science and 
technology in various ESCAP countries.

Most developing countries of the ESCAP region have 
also adopted laws and regulations dealing with foreign in
vestment, with the major aim of providing incentives to the 
TNCs. From the accumulated experience with foreign 
investments, many developing countries have also adopted 
laws, regulations, guidelines and/or policies governing the 
import of technology. Much of this regulatory framework 
has a short-term perspective. Even in countries like India, 
which have technology plans, national socio-economic 
development plans and the incipient techonology policies 
are not integrated well.

There is an urgent need to link policy making in 
technology with the process of development planning. 
Technology planned in isolation cannot prove effective, 
nor can an overall development plan prove beneficial for 
a country when it ignores technological advances and 
innovations. The relationship between development objec
tives and research goals for technology must be conceived 
as a dialectic process in which: (a) the technological resear
chers aim at fulfilling targets set by the national develop
ment plans; and, conversely, (b) achievements in technolo
gy are utilized in the setting of desirable targets in the na
tional development plans.

Some of the current problems in the ESCAP develop
ing countries are very much linked with their industrializa
tion-centred development policies. Usually a country is 
divided into traditional economic sectors, and development 
planning involves the selection of projects according to the 
sectoral priorities. What is necessary is that the national 
development strategies should include specifically the 
dimension of technology development. In developed coun
tries there are adequate pressures for technological consi
derations within the various sectors of their economies. 
But in developing countries, integration of technological 
considerations with economic planning at the highest level 
is required in order to achieve technology-oriented develop
ment in priority sectors. Figure IL6 presents a general 
framework for integrating the technological considerations 
in the national development planning process.

It is now generally agreed that sustainable develop
ment must be based on self-reliance, not in the sense of 
self-sufficiency or autarchy, but of indigenous capacity 
for autonomous decision making. From the technological 
point of view, this means the autonomous capacity for the 
application of both imported and self-developed technolo
gies for national development. The integration of technolo
gical aspects in the development planning process should 
therefore extend significantly beyond the mere screening 
of imported technologies to the formulation of policies
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Table II.3 National organizations for science and technology policy/planning

Country
Ministry of science 
and technology

National council 
for science and 

technology

National 
advisory 
body b

Integration 
 

body c

Afghanistan x X

Australia X x 

Bangladesh X x X

Burma X 

China X X X

India X X X

Indonesia X

Japan X X X  X

Malaysia X X

Mongolia X X

Nepal X

New Zealand X X  X

Pakistan X X X
 X

X
Philippines X X X

Republic of Korea 
Singapore

X X 

X

X

Sri Lanka X X

Thailand X X

USSR X X

   a   
Interninisterial committee and other national-level policy-making bodies.

b As separate from the national council for science and technology.

 c Generally in the central planning authority.

and guidelines to generate and promote demand for local 
technologies and technological capabilities. Moreover, 
the insertion of technological considerations in socio
economic development planning involves both the explicit 
introduction of the technology issue at all phases of the 
planning process and the identification of implicit techno
logy policies derived from the national development plans.

The integration of technological considerations in the 
overall national development effort requires new approa
ches, mechanisms and techniques. The current arrange
ments (mostly resulting from the Vienna Plan of Action, 
1979) have helped in the creation of a number of parallel 
organizations (such as the departments or ministries of 
science and technology) to the existing ministries of 
planning and finance, which in effect have made technolo
gy a new sector of the national economy. However, it is 

essential that the interactions between the policy-making 
bodies and the technological community should be institu
tional and organic and not occasional. It may therefore 
be desirable to strengthen the national technology centres 
(NTCs) in every country. The major responsibilities of 
these centres may include :

(a) Establishing the proper role of technology for 
the rapid development of the country;

(b) Assessment of the technological needs and 
capabilities of the country ;

(c) Building up of indigenous technology absorp
tion and development capabilities through:

(i) Promotion of demand for indigenous 
technologies;
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Figure II.6 Integration of technological considerations 
in national development planning
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(ii) Regulation of adaptation of imported 
technologies;

(iii) Provision of support systems;

(d) Setting priorities and providing incentives for 
R and D activities;

(e) Monitoring and control of technological growth 
for sustainable development;

(b) Integrating technological aspects in national 
development plans.

As technology must be linked to and governed by 
socio-economic development plans at the national level, 
such linkages may be accomplished by placing the NTC 
at the highest level of government. The NTC should be a 
professional body, which may use many advisory com
mittees.

C. Progress in building the infrastructure

1. Technology policies and regulations

The need for technology policy arises from the inten
tion of nations to make technology a means for develop
ment. Recognizing the shortcomings of technological un
derdevelopment in the developing countries, national 
technology policies have been and are being formulated in 
many of the ESCAP countries. Some countries have long 
been pursuing policies of creating the necessary infrastruc
tures at the national level in order to maximize their 
capacities to develop, absorb and use technology and to 
distribute the results among all sections of their population.

However, since technology policy cuts across ma
ny policy areas of a nation, it is not a compartmentaliz
ed policy, but rather a mode of analysis, promotion and 
control that affects most policies, deals with goals and 
programmes in many areas, makes use of a variety of inter
vention mechanisms, operates through many departments 
of the Government and uses universities, industrial firms 
and non-profit institutions of the country as its field 
organizations.

The current situation with respect to the technology 
policies in the ESCAP member countries is summarized in 
table II.4. This table gives information on the policy- 
making bodies, policy objectives and type of existing 
linkages with planning authorities.

Countries which have established technology policies 
list the following as their major aims:

(a) Promotional aspects:

(i) Lay the foundation for accumulation of 
skills ;

(ii) Improve the technological infrastructure;
(iii) Encourage R and D efforts in the private 

sector;

(iv) Mobilize human and financial resources;
(v) Foster increasing pace of innovation;

(vi) Provide adequate protection through 
patents;

(b) Directional aspects:
(i) Balance the mix of foreign and internal 

technologies;

(ii) Require unpackaging of imported techno
logies;

(iii) Attain technological self-reliance by reduc
ing vulnerability in strategic and critical 
areas;

(iv) Maximize use of indigenous resources 
(renewable):

(v) Minimize use of non-renewable resources;

(vi) Recycle waste material and make full use 
of by-products;

(vii) Prevent environmental pollution;

(c) Co-operational aspects:
(i) Co-operation with developed countries;

(ii) Co-operation with developing countries;
(iii) Subregional co-operation.

The Republic of Korea and to a certain extent India 
are approaching the problem of promoting technology 
development through the private sector by introducing 
the following measures:

(a) Tax incentives for R and D activities;

(b) Support for the establishment of R and D units;

(c) Support for commercialization of research;

(d) Protection of inventions and innovations;

(e) Establishment of financial intermediaries;

(0 Support for industrial research associations;

(g) Establishing systems for risk minimization.

In annex IV a table is included to show the status 
of patent and trademark registration in various ESCAP

35



Table II.4 Status of technology policies in Asia and the Pacific

Countries Policy-making 
bodies

S and T policy 
objectives

Terms of linkage 
and coordination 

with other plans

Means of technology 
assessment

Information 
activities for S and T

Standardization Documentation of S 
and T information

Australia Australian S and T 
Council, Depart
ment of S and T

Geared towards re
source and techno
logy exploitation a

Formal co-ordina
tion is responsibility 
of Department of 
S and T.

None None Organized by Stan
dards Association, 
Australia

Has baric infrastruc- 
ture d

Bangladesh National Council of 
S and T

Rural development 
is the “cornerstone” 
small-scale indus
tries have priority. c

None None None Yes Organized by Bang
ladesh National 
council of S and

Burma State S and T Com
mission

Unknown None None Yes No information Has baric infrastruc
ture d

India Ministrial Commit
tee of S and T, 
Science Advisory 
Council, Ministers’ 
Council

An agriculture and 
industry mix by set
ting up large-scale 
capitals nd labour- 
intensive industries. 
Leading to self-re
liance c

Linkage and co-ordi
nation done through 
various ministries

None SPINES exists (Sd
ence Policies Infor
mation and Ex
change System)

Yes Has basic infrastruc- 
true d

Indonesia Ministry of State for 
Research

Creation of condi
tions for accelerated 
endogenous econo
mic growth. f

None None None Yes
Organized by
National Scientific 
Documentations b

Iran National Scientific 
Research Council

Unknown No information No information No information Yes Has baric infrastruc
ture d

Japan Japan Science Coun
cil, Council of S and 
T, S and T Agency

"Technology - based 
nation" (MITI) a

Collaboration of 
Government, indus
tries and universities 
in R and T program
mes, co-ordinated 
by Japan Science 
Council

No information No information Set up by agency of 
Industrial Science 
and Technology

Organized by Japan 
Information Centre 
of S and T b

Malaysia National Council of 
Scientific R and D, 
Ministry of S and T 
and Environment

To increase produc
tivity and enhance 
export potential of 
primary products 
and attract foreign 
investment

NCSRD is responsi
ble for co-ordination

Council for coordi
nation of transfer 
of technology, and 
M1DA

Embarled on com
pilation of R and D 
information. Plan
ning a survey of S 
and T potential

Organized by SIRIM 
(Standards and In
dustrial Research In
stitute of Malaysia)

Has baric infrastruc
ture. Planning for 
information centre d

 
Nepal Academy of Science 

and Technology
To improve agricul
ture productivity 
and promote small 
entrepreneurs, inte
gration and interna
tional relations c

The Academy is re
sponsible for co-or
dination.

None None Institute of Stan
dards

None

Sources: M, Ahmed, “Survey of science and technology development in ESCAP in the context of Vienna Programme of Action" (ESCAP, 1982); Malaysia, Country Report for 
CASTASIA II (Ministry of Science and Technology and Environment, Malaysia, 1982).
UNESCO in collaboration with ESCAP: CASTASIA II - Science and Technology Development in Asia and the Pacific. Progress Report: 1976 to 1980, UNESCO, 1982.

a Refera to the developed countries of Ada which emphasize resource exploitation and technology exploitation.
b Indicates countries which have set up institutions to provide information.

c Refers to countries which emphasize rural development and promotion of small-scale industries.
d Indicates countries which have some form of basic infrastructures for S and T information but without established institutes.

e Refers to countries which emphasize diversified strategies of agriculture and industry.
f Refers to middle-income countries which emphasize labour-intensive industries, especially in the manufacturing industry, through technology transfer and a little local R and D.

g Refers to countries which emphasize high-technology import to help in S and T development together with local R and D efforts.
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Table II .4 (Continued)

Countries Policy-making 
bodies

S and T policy 
objectives

Terms of linkage 
and co-ordination 

with other plans

Means of technology 
assessment

Information 
activities for S and T

Standardisation Documentation of S 
and T information

New Zealand Ministry of Science To increase export 
potential of basic 
industries, especially 
agriculture a

National Research 
Advisory Council is 
responsible for for
mal co-ordination.

No information No information No information Has basic Infrastruc
ture d

Pakistan Ministry of S and 
T, National Council 
of S and T (pro- 
posed)

To lay down the 
goals of scientific 
and technical deve
lopment commensu
rate with local re- 
sources-link ed eco- 
nomic development e

Ministry of S and T 
is responsible for co
ordination.

None None Yes Has basic infrastruc
ture d

Philippines National Science De
velopment Board.

To build a cohesive, 
diversified and more 
productive general 
economic structure f

None None Yes Yes Has basic infrastruc
ture d

Republic of Korea Ministry of Science 
and Technology

Increased producti
vity through techno
logical innovation 
for effective entry 
in world market g

Co-ordinated by Na
tional Council of 
S and T and sup
ported by KAIST 
(Korean Academic 
Institute of S and 
T).

No information No information Yes Has basic Infrastruc
ture d

Singapore Science Council of 
Singapore

To shift from la
bour-intensive in
dustries to high-te
chnology export- 
oriented production 
via R and D and 
technology trans
fer a

Responsibility of
Science Council

None None Organized by SISIR 
(Singapore Institute 
of Standards and 
Industrial Research)

Has basic infras
tructure (institu
tions under plann- 
ing) a

Sri Lanka National Science 
Council

To build an indus
trial base through 
creation of indus
trial promotion and 
removal of import 
duties f

None None Yes Yes Organized by Sri 
Lankan Scientific 
and Technical Infor
mation Centre (SLS- 
TIC)b

Thailand National Research 
Council, Ministry of 
Science, Technology 
and Energy

To restructure eco
nomy in (a) agricul
ture, (b) industry, 
(c) development of 
rural areas b

S and T is part of 
five-year develop
ment plan.

None None Has basic infrastruc
ture d

Source:

a Refera to countries which emphasize high-technology import to help in S and T development together with local R and D efforts. 

f Refers to middle-income countries which emphasise labour-intensive industries, especially in the manufacturing industry, through technology transfer and a little local 
R and D.

a Refers to the developed countries of Asia which emphasize resource exploitation and technology exploitation.

c Refers to countries which emphasize diversified strategies of agriculture and industry.

c Refers to countries which emphasize rural development and promotion of small-scale industries.



member countries. There is also a table giving a brief 
historical perspective on technology policy related miles
tones at the global level. It may be interesting to note that, 
although in early days many technologies originated in Asia 
and were exported to other parts of the world, the technolo
gy policy activities owe their origin mostly to Europe.

In terms of the current status of technology policies 
in the developing countries of the ESCAP region (with the 
possible exceptions of the Republic of Korea and India), 
there are two significant shortcomings (in addition to the 
problem of integration mentioned in the previous section): 
(a) the technology policies of many Governments are 
perceived as merely declarations of intent rather than 
instruments of socio-economic development; and (b) lack 
of continuity of technology policies generally associated 
with frequent changes of Governments in many countries.

2. Technological institutions and linkages

The crucial importance of the infrastructure neces
sary for rapid technological development can hardly be 
overemphasized. One most important corner-stone of the 
technological infrastructure is the R and D unit. As was 
discussed in the previous chapter, the technologies are pro
duced by the R and D units. The R and D efforts in de
veloped countries are mostly concentrated in the private 
sector, while in the developing countries they are mostly 
in the public sector. The urgent need to establish and/or 
strengthen these research and development institutions 
(RDIs) in developing countries can be explained as fol
lows:

(a) Technological change follows an S-shaped 
growth pattern. Hence the technological gap between those 
who have RDIs and those who do not have RDIs will widen 
exponentially;

(b) Technology import with adaptation and modifi
cation can help to reduce the technological gap. However, 
without R and D capabilities of its own, a developing coun
try is ill equipped to know what alternative technologies 
exist elsewhere, or to evaluate and select technologies for 
import, much less to absorb and adapt them after importa
tion;

(c) Although it is very unlikely that any country 
could be technologically self-sufficient, it is essential 
that developing countries attempt self-reliance by develop
ing strategic technologies. This is impossible without local 
R and D activities.

Lately, a few surveys have been conducted on the 
number and type of RDIs in various ESCAP countries. 
The list is unending although the vast majority of them 

never produce any marketable technologies. To illustrate 
this, table II.5 gives a list of rural-oriented RDIs in the 
ESCAP region and their activities.

The Korean Institute for Science and Technology 
(KIST) is considered to be a good model of a successful 
RDI in the developing countries of the ESCAP region. The 
following are some of the unique features of KIST:

(a) It was conceived as an “active intermediary” 
between the technological community and the industrial 
enterprises of the country;

(b) The institute established from the very be
ginning a project development department (the marketing 
arm of the contract-research organization);

(c) Original activities included a need survey and 
concentration on trouble-shooting for industries using 
imported technology;

(d) It later got involved in the selection of im
ported technologies, unpackaging and producing adapted 
technologies;

(e) It was able to make the local industrialists 
confident in the capabilities of the institute;

(f) It was able to attract high-calibre people and 
received constant patronage from the highest authority 
of the country.

From the experience of KIST, the following lessons 
can be learned by the developing countries;

(a) External factors may influence the scrapping of 
a few major projects (for example, the sudden increase in 
oil price and its effect on the petrochemical industry in 
the Republic of Korea);

(b) Failure of contracts due to difficulties in 
proper evaluation of available facts and services;

(c) Failure of technology projects due to poor 
marketing.

Figure II.7 presents a schematic diagram of the 
various stages of the R and D process and some of the most 
important problems faced by the developing countries of 
the ESCAP region. The major problems are:

(a) Setting research goals without a need survey;

(b) Doing research for research’s sake only;

(c) Lack of linkage with the production sectors;

(d) Little consideration of commercialization of 
research results;
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Table II.5 Status of rural-oriented RDIs in various ESCAP countries and areas

Source: OECD Appropriate Technology Directory (Paris, 1979).

Number of organizations
engaged in these main types 

of activities

Number of organizations having concentration 
in these fields

Country 
or area

Number of 
organizations

General 
services

Technical 
services

R and D 
activities

Sand T 
policy

Energy Public 
health

Water Private 
sector

Industry Infra
structure 

and services

Education Housing Environ
mental 

problems

Others Budget 
(thousands of 

US dollars) 
1979

Personnel 
Total Profes- 
staff tional

Australia
Bangladesh

Fiji

Hong Kong
India
Indonesia
Iran
Japan
Malaysia

Nepal
New Zealand 
Papua New Guinea 

Pakistan

Philippines 

Singapore 

Sri Lanka 

Thailand

6
3
1
1

11
11

1
1
1
1
1
2
2

7
2
4
2

3
2
1

10 

8

1

1

1
2
1
6
2
3
2

3
1
1
1

5
7
1
1

1

2 

2
4
2
2
2

3

1

1
10
10

1
1
1

1

2
2
5
2
4
2

2

5
7

1

2
1
3

6 

2
1

9 

3

1

2 

1
3

3
1

1

1

4
6

1

2

3
2

1
2

7
4

1
1

1
1

3
1
2
2

1
2
1

10 

4

1

1

1
1 

1

2
3

4
1

2 

2
1

9 

7

1

1

1 

2
5 

1

1

1 

1

1

3
2

1

3
1

3
1

1

2

1

3
1

9
5 

1

1

2
1
4

3
1

1

1

1

1

2

1 
1

1

1

211 500
18 600 

N.A.
1 690

22 059
4 219

976
412

16 000
440

95
18

560
37 034

2 240
101

3 340

30 19
187 4
45 45

126 57
384 184

1 360 170
61 24
47 47

2 000
44 16

7 3
5 1

66 40

2 599 449
292 117
424 131

498 66



Figure II. 7 Stages in the research and development process and problem areas

40

Problem area one: lack of 
need survey

Problem area 
three: lack of 
linkage with 
production 
sector

Problem area 
four: little 
consideration 
of marketing 
aspects

Need 
recognition

Idea 
generation

Engineering Marketing

“Need-pull”

“Technology-push”

Knowledge 
advances

Idea 
generation

D
es

ig
n

Pr
ot

ot
yp

e

Te
sti

ng

In
te

rn
al

Fo
re

ig
n

Problem area two: research 
for research's sake

Problem area five: inadequate efforts 
in too many fields

Research Development



(e) Devoting inadequate effort to too many di
versified areas.

The fact that many of the RDIs in the developing 
countries of the ESCAP region are engaged in repetitive 
research activities is shown by a simple example in table 
II.6. Considering these five major weaknesses, it may be 
desirable for each developing country to establish an 
NRDI, closely associated with the NTC. Major responsibi
lities of the NRDIs may include:

(a) Modification and adaptation of technologies 
produced elsewhere :

(i) Use of local materials;

(ii) Adjustments in terms of the local environ
ment;

(iii) Selection of technologies to be imported 
for adaptation;

(iv) Help to existing industries;

(v) Assistance in the creation of new industries;

(b) Advancement of the scientific and technologi
cal capability of the country:

(i) Provision of substantial research facilities 
(equipment and information);

(ii) Accumulation of expertise and capacities 
in science and technology;

(iii) Fostering, co-ordination, promotion and 
sustainment of science and scientific 
research ;

Table II.6 Similar types of R and D activities on alternative energy sources in selected countries

Coun try 
Field

Indonesia Malaysia Philippines Republic 
of Korea

Thailand

Biogas X X X X X

Biomass X X X X X

Charcoal X X X X

Seed oil and fuel X X

Firewood X X X X

Fuel alcohols (fermentation) X X X X X

Geothermal X X X X

Hydropower X X X X

Hydropower (mini) X X X X X

Oil shale X X X

Ocean energy X X X X

Peat X X X X

Paddy husk X X X

Solar energy X X X X X

Tar sands X X X

Wind energy X X X X X

Source: Survey conducted by the IE and M Division of the Asian Institute of Technology, Bangkok, 
January 1983.
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(iv) Ensuring an adequate supply of researchers 
within the country;

(c) Creating a climate of acceptance of the need for 
science and new technology:

(i) Encouragement of programmes for train
ing scientists and technical personnel;

(ii) Demonstration of the contemporary level 
of science and technology and economic 
development elsewhere;

(iii) Upgrading the careers of scientists;

(d) Contributing to long-term improvement of the 
quality of life:

(i) Encouragement of R and D in private 
industry;

(ii) Research into waste recycling;
(iii) Initiation, promotion and guidance of 

scientific and industrial research, primarily 
towards the utilization of indigenous raw 
materials;

(iv) Increase in utilization of natural resources 
to produce substitutes for imports;

(v) Upgrading and expansion of the nation’s 
export products;

(vi) Ensuring that the creative talent of men 
and women is encouraged and finds full 
scope in scientific activity;

(vii) Keeping in touch with outstanding ad
vances elsewhere;

(e) Taking advantage of new technologies:

(i) Monitoring and forecasting technological 
developments;

(ii) Contributing to the world’s store of new 
knowledge in very selected areas;

(iii) Developing marketable new technologies.

The following factors should be considered while 
setting the goals for the NRDls:

(a) Activities and targets should be chosen on the 
basis of the existing and potential capabilities of the people;

(b) Activities must be relevant to the surroundings 
(technological, socio-cultural, economic etc.);

(c) Even when resources are very scarce and imme
diate problems are of crisis proportion, some involvement 
in future-oriented activities is desirable for eventual reduc
tion of technological gap.

3. Technical manpower development

In most industrialized countries there are 100 to 300 
scientists, engineers and technicians per 10,000 population, 
while in many developing countries there are fewer than 10. 
In industrialized countries there are 20 or more university- 
level graduates in science and technology per 100,000 
population, and in the developing countries there are only 
one or two. These and other countrasting situations with 
respect to the technical manpower status of the ESCAP 
member countries are presented in the tables in annex IV.

In most developing countries of the ESCAP region, 
the immediate bottle-neck in the process of technological 
development is the shortage of qualified people. The 
basic issue is how to build up indigenous capabilities to 
manage science and technology in the national setting. 
Implicit in this issue are two related aspects: first, how to 
reduce the current gap in the level of manpower how 
to reduce the current gap in the level of manpower re
sources and, second, how to identify future needs corres
ponding to advancements in technology. Proper planning 
is necessary for both.

Expansion of technology activities requires a large 
base of highly qualified scientists and engineers. This, in 
turn, implies major modifications in the educational sys
tem. In many developing countries, educational systems 
still continue to emphasize general studies more than 
technical and vocational education. In some developing 
countries, they emphasize science more than technology. 
Each has its effect on the manpower it produces.

In developing countries, a massive expansion of 
science and technology education is required at all levels 
of education, primary, secondary and university. As this 
is not possible in the short run, long-range plans with clear 
directions and priorities must be formulated to bring 
about gradual change. In the mean time, advantage can be 
taken of what is available elsewhere. However, past 
experience in external education has not been very fruitful 
for various reasons, such as: (a) brain drain; (b) inappro
priate specialization; (c) defective selection system; and 
(d) irrelevant scholarship schemes.

The problem of the brain drain is well known. A very 
large percentage of scholars from developing countries 
decided to migrate to the developed countries after they 
completed their higher studies there (mostly Ph.D's). 
The most common reason for the brain drain is the oppor
tunity for materialistic gains. For those who return to their 
own countries after obtaining their Ph.D’s in some of the 
famous universities of the developed world, most often 
find that their areas of specialization are inappropriate for 
the prevailing situation in their countries. However, be
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cause of their higher degrees from the famous universities, 
they obtain key positions in the governmental science 
and technology related organizations. And when these 
people get an opportunity to set up a research laboratory, 
it is quite natural that they do what they know best (even 
though it may be completely inappropriate for the coun- 
try!).

The problems of defective selection and irrelevant 
scholarship arise owing to vested interests. In a developing 
country, an overseas study grant has many more attractions 
than the simple opportunity for higher studies. And in 
many cases the other attractions far outweigh the know
ledge aspect. However, the scholarships offered by various 
universities of the developed countries are not necessarily 
for studies that are essential and urgent for developing 
countries. This is understandable because the universities 
can only offer what their faculty and funding agencies are 
interested in.

The adverse effects of the foreign education problem 
can be minimized by: (a) a proper science and technology 
policy; (b) a long-term manpower development plan cor
responding to the long-term science and technology poli
cies; (c) devising a selection procedure for identifying 
“high potentials”; and (d) establishing a reward system for 
science and technology achievements. One additional and 
important point to be noted here is that the problem of 
anticipating the future has to be dealt with properly. Tools 
and techniques of technological forecasting can be used for 
this purpose.

Many Asian developing countries are nowadays 
trying to attract their highly qualified nationals to come 
back home. Learning from the experience of the Republic 
of Korea, it can be said that other developing countries 
may find it interesting to note the following expectations 
of these people:

(a) They seek research autonomy;

(b) They want to be assured of stability and con
tinuity in institutional policies;

(c) They hope for a conducive environment and 
research facilities;

(d) They aspire for social recognition and status;

(e) They demand decent living conditions, in
cluding :

(i) Adequate salary ;
(ii) Children’s education benefits;

(iii) Housing and transportation;

(iv) Medical care;
(v) Sabbatical leave to update their know

ledge;

(vi) Provision for attending international con
ferences.

4. Technological information, forecasting and assessment

Information and networking are becoming very 
popular in almost all developing countries of the ESCAP 
region. With the availability of less expensive “mini” and 
“micro” computers, there is a general tendency to in
crease the accumulation of “data” in every organization 
capable of acquiring a computer. However, many people 
are realizing that “data” becomes “information” only 
when it is useful for decision making. The development 
of an effective information system is a difficult, time-con
suming and expensive operation. Well-established informa
tion systems are useful for many purposes.

Technological forecasting is a process of producing a 
prediction, with a level of confidence and consistency, of 
a technological achievement in a given time-frame with 
a specified level of support. This prediction or forecast is 
essential for proper technology planning. Like any other 
plan, the technology development plan is also based on 
the anticipated future events and is concerned with making 
desirable events more likely and undesirable events less 
likely. Technological forecasts are therefore used in the 
planning process to identify possible future courses of 
action and to select the best technological alternatives 
available.

There appears to be a general misconception regard
ing the necessity and usefulness of technological forecast
ing in developing countries. This may be due to two com
monly held beliefs: (a) technological forecasting is essen
tially a planning tool for the existing R and D organizations 
of the developed world; and (b) R and D activities are very 
expensive, and hence a luxury which resource-poor de
veloping countries cannot afford. Thus, it is concluded by 
many that technological forecasting has no relevance in 
developing countries. Contrary to this view, technological 
forecasting can play an important role in developing coun
tries as shown in table II.7.

Technology assessment includes the “maximization 
of positive effects” of technology and the development of 
technologies “consistent with the surroundings”, and the 
“minimization of negative effects” of technology and the 
development of “environmentally sound” technologies. 
The physical environment is only one aspect of the sur
roundings. The totality of human surroundings includes
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Table II.7 The role of technological information and forecasting in developing countries
- •

Technology policy activities
                                                  

R and D activities Technical manpower planning

Technological information

- Identification of techno
logical needs and problems 

- Means to have alternatives 
assessed: inventory of ap
propriate technology alter
natives (for driving, evolv
ing and leading sectors)

- Evaluation of appropria
teness

- Control of inappropriate
technologies

- To provide ideasand know
ledge
To provide scientific 
and technical information 
through publication

- Data bases in science and 
technology

- To identify the gap be
tween the required and 
available manpower

- To identify the potential 
of manpower supply

Technological forecasting

- Essential tools for proper 
adaptation to ensure the 
effectiveness of technolo
gy transfer

- Prevention of the import 
of obsolete technologies 
Planning of the develop
ment of appropriate tech
nology

- Essential tools for the de
velopment of exportable 
technology

- Future-oriented R and D
- Anticipating technical in

novation
- Forecasting technological

substitution with the ob
jective of gaining a com
petitive edge in interna
tional trade.

- Forecasting the require
ments in S and T manpo
wer for the future and 
the change in the em
ployment structure

- Forecasting the educatio
nal outcome and the enrol
ment

environmental as well as economic, demographic, socio
cultural, politico-legal and resource endowment aspects. 
Developing countries can take advantage of their late- 
starter situation by applying technology assessment as a 
simple step towards disciplining technological progress, in 
order to maximize the positive effects (gains or opportuni
ties) while minimizing the negative effects (losses or degra
dations) to their surroundings. However, this late-starter 
advantage is true only with respect to the physical environ
ment. In the early-starter (already developed) countries, 
technological advancement has been associated with degra
dation of the environmental system. As the reasons for 
the deterioration of the physical environment (land, water, 
air) become known and corrective measures are developed, 
the developing countries can avoid the mistakes of their 
predecessors. But as far as the other systems are concerned, 
in the late-starter (developing) countries lack of technolo
gical advancement is associated with the lowering of econo
mic well-being, unplanned growth of population, wastage 
of valuable resources, increased social disorder and rising 
political instability. Moreover, poverty and unrest are im
mediate problems, while pollution is a long-term problem 
for the masses in developing countries. Thus, for develop
ing countries, a proper strategy may be to emphasize the 
maximization aspects and not completely forget the mini
mization aspects.

The following could be considered as the major 
purposes of technology assessment in the context of 
developing countries:

(a) Evaluation of the appropriateness of techno
logies for import and adaptation. This involves identifica
tion of existing technologies available in developed coun
tries that are somewhat compatible and have scope for 
adaptation to the surroundings in the developing coun
tries;

(b) Selection of technologies, which includes;

(i) The selection of appropriate technologies 
for the import sector;

(ii) The selection of appropriate technologies 
to be developed for the evolving sector;

(iii) The selection of appropriate technologies 
to be developed for the export sector.

This involves the identification of those existing 
indigenous technologies or other existing exogenous 
technologies that are consistent with the achievement of 
national goals;

(c) Control of inappropriate technologies to 
protect the environment. This involves identification of 
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corrective measures for both local and imported technolo
gies.

One very important consideration for developing 
countries is to institutionalize the use of technology as
sessment in development planning. It is suggested that the 
development planning process should be reoriented to 
incorporate technology assessment in the technology 
selection process.

5. Technical support facilities

From the time an idea is conceived to the point of 
commercialization of a product, a number of crucial 
steps need to be passed: basic research; applied research; 
product design; process design; prototype production; 
scaling-up operation; construction of production plant; 
tooling for production; and actual production. Each of 
these steps are essential for an innovation to reach the 
market-place. And the success at each of these steps is 
very much dependent on the availability of local reliable 
support facilities. The need to strengthen the following 
kinds of support facilities has been identified at various 
regional meetings of the ESCAP member countries:

(a) Local consulting engineering companies capa
ble of production plant design and construction;

(b) Standardization and quality control of small 
parts manufacturing;

(c) Instrumentation, testing and calibration facili
ties.

However, very little progress can be observed with 
respect to the above requirements in most of the develop
ing countries or areas of the ESCAP region, with the ex
ception of the Republic of Korea, India, Hong Kong and 
Singapore.

6. Creating an innovative culture

There is a general awareness in many developing 
countries of the ESCAP region that prerequisite for moti
vating the people towards an increase in the production 
and use of technology for rapid national development is 
the popularization of technology. However, except for 
a few UNESCO-sponsored meetings very little progress 
has been observed.

The development of a sound technology policy 
requires the existence of a "technology culture" in the 
country. Technology culture refers to an attitude of mind. 
The spirit of inquiry and the acceptance of the right to 
question and to be questioned is fundamental to the 

acceptance of the technological temper. It calls upon one to 
ask about the "how" and the "what" in addition to “why” 
and is essentially based upon the scientific method of 
problem solving. This climate can be created through 
technological education which includes popularization of 
technology to increase social consciousness of the impor
tance of technology, technological societies and the techno
logical community.

In order to realize the full potential of technology, 
much more technologically-oriented education to all sec
tions of the population, irrespective of their careers and 
occupations, is necessary. The adoption of sound curricula 
and modes of instruction can help to introduce the techno
logical mentality among the general population. Modern 
technological aids, such as radio, television and satellites, 
can be very effective in such mass technological education.

Technological culture and technological innovation 
are different things. In the final analysis, the creation of 
new technologies which improve the quality of life of the 
people in general is not possible without the creation of an 
"innovative culture". Some of the elements or factors 
which may be conducive to the development of this in
novative culture are:

(a) Widespread technological literacy, which in
cludes a large technological community as well as a techno
logically literate management with an instinct for the possi
bilities in the technical area;

(b) Proper linkage between potential suppliers and 
users of technology through incentives which reassure 
producers that answers to their needs can come from local 
researchers. In other words, creators of technology must be 
stimulated to do what is relevant to producers, and users 
must be induced to have recourse to national suppliers;

(c) Mobility of the technologists from research 
institutions to production units and vice versa.

D. Operationalization of the Vienna 
programme of action

The United Nations Conference on Science and 
Technology for Development, held at Vienna in 1979, 
adopted a comprehensive programme of action aimed at 
improving the scientific and technological capabilities of 
developing countries. While the basic thrust of this 
Vienna Programme of Action is very general and perhaps 
universally applicable, at the same time the wide variety of 
situations in respect of social, economic and technological 
problems existing among the developing countries of the 
ESCAP region needs to be taken into account to determine 
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practical and concrete implementation plans. In this sec* 
tion, a brief review on the operationalization of the Vienna 
Programme of Action is presented. This review is based on 
some information collected by the UNIDO/ESCAP Divi
sion of Industry, Human Settlements and Technology, and 
a small number of responses to the UNCSTD question
naire for formulation of guidelines on projects and pro
grammes in science and technology for development.

The status of operationalization of the Vienna 
Programme of Action in some ESCAP developing coun
tries is presented in table II.8. As has already been pointed 
out, some visible progress may be observed in the areas of 
science and technology policy formulation and creation 
of ministries or departments for science and technology. 
Some recent activities (1979-1983), national priorities for 
science and technology infrastructure building and priority 
areas for science and technology emphasis, which have 
been identified in various ESCAP countries, are summarized 
in table II.8.

The ESCAP region has undergone many changes in 
developing the prerequisites for technological advances 
since the adoption of the Vienna Plan of Action. In sectoral 
terms technological developments in the agricultural sector 
in ESCAP developing countries, except for plantation 
industries, remained largely indigenous until the last two 
decades. In transport and communications, there has been 
a considerable expansion of rail, port and road facilities in 
most countries and necessary infrastructure in this field 
has been developed. There has also been a substantial 
increase in commercial energy production, mostly through 
the utilization of conventional energy sources. In some 
ESCAP countries, however, significant developments have 
taken place in increased use of non-coventional sources of 
energy. In the field of industry, technological development 
mainly took place within the process of foreign direct 
investments, except during the last two decades. Decisions 
regarding both supply of technology and usage of such 
know-how was mostly taken by parent foreign corporations 
and technology suppliers. It is only during the 1960s and 
particularly during the 1970s that national ownership of 
industry increased significantly in several ESCAP countries. 
However, dependence on foreign technology still continued 
in most of the countries.

Furthermore, the choice and use of technology have 
varied in different production sectors. In agriculture, while 
traditional patterns have continued to exist in respect of 
size of holdings, cropping patterns and the like, the results 
of agricultural research have brought about considerable 
improvements in the application of technological inputs, 
particularly fertilizers and pesticides, and in agricultural 
methods. Similar improvements have been effected in post

harvest operations in several ESCAP countries, especially 
storage, transport and marketing. It is, however, with re
gard to industrial technology that the issues of technologi
cal choice and acquisition have assumed major prominence. 
There continues to be a high degree of dependence in the 
region on foreign technology and one of the critical de
velopmental issues faced in this region is how technological 
self-reliance in this field can be effectively achieved.

Developing countries in the region have adopted 
different policies and control mechanisms for foreign 
technology acquisition and the implementation of such 
measures. While most countries have encouraged inflow of 
foreign technology without regulatory control and general
ly accompanied by foreign direct investments, others 
have introduced varying degrees of regulation.

Although institutional regulation of foreign techno
logy has been implemented in several countries, the impact 
has primarily been in respect of contractual conditions in 
such agreements and much less on technology choice and 
application. Considerable institutional capability has been 
acquired with regard to the intricacies of technology con
tracting where such regulation has been introduced, both 
by regulatory bodies and by user enterprises.

It has been realized that prerequisite for increased 
technological capability in the ESCAP region is the develop
ment of skilled and specialized human resources at various 
levels, to perform a wide range of technological functions. 
Despite substantial development of human resources in 
science and technology in several South and South-East 
Asian developing countries, various problems and con
straints remain in this regard. The rate of migration of 
scientists and technologists from this region to industria
lized countries continues to be high. This has affected the 
pace of technological development in these countries, and 
this problem needs to be tackled effectively.

The financing of science and technology covers the 
allocation of resources for all aspects of technological 
development. Such financing, however, is also commonly 
viewed in terms of the expenditure on research and de
velopment. While financial allocations for science and 
technology have increased considerably in several ESCAP 
countries, they still fall far short of the requirements and 
need to be substantially increased.

In certain ESCAP countries, some efforts have been 
made to developing technological information systems. 
Scientific information and documentation centres have 
been set up in several ESCAP countries. Such information 
and documentation centres constitute an institutional 
beginning. The coverage of an effective technology informa
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tion system needs to be much larger and must be geared to 
the requirements of the production sector.

A wide range of institutions dealing with technologi
cal investigations and R and D have developed in several 
developing countries in the ESCAP region. While the overall 
technological impact of such institutions may be fairly 
significant in certain countries, the linkage and communica
tions with the production system have been, by and large, 
fairly limited and domestic enterprises have tended to rely 
largely on external technological links.

It will be seen from the above review of the existing 
experience of technology for development in ESCAP 
developing countries that, while there has been considera
ble development of energy resources and transport and 
communications, and of improved technological applica
tions in the agricultural sector, significant technological 
gaps and constraints continue to persist with regard to 
technology for development in the field of industry and 
manufacture. While the pace of absorption and diffusion 
of industrial technology has been fairly rapid in several 
South and South-East Asian countries, there have been 
few innovative developments and the pattern of technolo
gical development and application has tended to trail be
hind that in industrialized economies. This has resulted in 
a limited technological impact on the overall economy of 
these countries and inadequate development of endogenous 
capability beyond the sectors and enterprises where foreign 
technology has been acquired and absorbed. If technology 
is to be effectively harnessed as a critical vehicle for econo
mic and industrial development, it must have much wider 
application and must gradually bring about technological 
transformation of these economies as a whole. It is neces
sary, therefore, to examine strategies and issues relating to 
technology for development which would have a much 
broader and more pervasive impact. This must also be 
considered in relation to overall global trends and features 
relating to technological development and application.6

Notwithstanding the useful work done so far since 
the declaration of the Vienna Programme of Action, visible 
progress in strengthening the endogenous technological 
capabilities of the ESCAP developing countries as an im
portant means of promoting their development is still 
lacking. The principal reasons are (a) lack of integration of 
technological considerations in the socio-economic de
velopment planning process, (b) creation of ineffective

For additional information, see the UNCSTD contribution to 
the study on technology for development.

research and development institutions and (c) lack of 
genuine effort to take advantage of subregional, regional 
and international co-operation. The first point has already 
been discussed and the other two points are dealt with 
below.

The R and D activities of the developing countries 
are mainly carried out in four major types of organizations:

(a) Autonomous R and D institutions financed by 
the Government (such as councils of scientific and indus
trial research in India, Pakistan and Bangladesh; the Insti
tute of Science in Indonesia; and commodity research 
institutes in Malaysia and Sri Lanka;

(b) Independent but Government-aided research 
institutes (such as KIST/KAIST in the Republic of Korea, 
SIRIM in Malaysia and SISIR in Singapore);

(c) Government-controlled industrial research 
organizations (such as CRO in Burma and the Agency for 
Industrial Research and Development in Indonesia);

(d) Tertiary educational institutions (such as 
universities, colleges of advanced studies and institutes of 
technology).

Most of the R and D institutes of type (a), (b) and 
(c) came into existence during the 1970s and late 1960s. 
However, the universities were established much earlier. 
Even in universities, post-graduate studies, where research 
is an integral component of the study programmes, started 
much later. These institutions have yet to make any signifi
cant impact on the advancement of technological levels in 
developing countries. The RDIs in ESCAP developing coun
tries suffer from a number of weaknesses. Some of these 
are:

(a) Lack of linkages of the RDIs with the produc
tion sectors (downstream) and the knowledge sectors 
(upstream). Many RDIs are completely isolated from the 
national decision-making process as well as the socio
economic life of the country. Moreover, there is also a lack 
of linkage among the various RDIs of a country engaged in 
similar activities. Consequently, most R and D efforts are 
inappropriate and unproductive;

(b) Organization and operation of RDIs modelled 
on those of academic institutions or government depart
ments which have very little concern for marketing and 
commercial viability of their activities. This style attempts 
to achieve efficiency (i.e., doing things right) rather than 
effectiveness (i.e., doing the right things). In most cases, 
the emphasis is also placed on the research component, 
whereas more emphasis should be placed on the develop
ment aspect;
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Table IL 8
Status of operationalization of the Vienna Programme of Action 

in some ESCAP developing countries

Source: Based on the returns to the UNCSTD questionnaire for formulation of guidelines on projects and programmes in science and technology for development

Country
Recognized 

national 
objectives

Recent 
activities 

(1979-1983)

Priority of activities with respect to Priority 
areas 

for S and T 
emphasis

Areas of 
interest 

far information 
exchange

Institution 
building

Manpower 
development

Financing 
technology

China Integration of S and 
T and socio-econo
mic planning 
Selection of appro
priate technologies 
Emphasis on applied 
research and devel
opment 
Development of S 
and T manpower 
Exchange of infor
mation

Formulation of a S 
and T policy 
Review and adjust
ment of the existing 
infrastructure 
Remarkable increase 
in enrolment in ins
titutions of higher 
learning

Establishment of a 
high level organiza
tion for research 
Promoting the link 
between R and D 
and the production 
sector

Holding interna
tional, regional and 
subregional meetings 
Continuing educa
tion for technicians 
Promoting TOK- 
TEN activities

Increasing the S and 
T budget to 1 per 
cent of GNP 
Expects UNFSSTD 
to finance S and T 
information data 
base

Agriculture, Energy 
Transport, Commu
nications

Technological fore
casting and moni- 
taring
Technological de
velopment indicators 
Standardization, me
trology and quality 
control

India Review of the exis
ting S and T policy 
Formulation of an 
S and T plan with 
specific areas of 
thrust
Promotion of TCDC 
Development of an 
S and T information 
system

Promoting R and D 
efforts in private 
industries 
Strengthening the 
ESCAP Regional 
Centre for Techno
logy Transfer

Establishment of 
high-level organiza
tions to promote 
R and D

Holding interna
tional, regional and 
subregional meetings 
Strengthening S and 
T education

Increased allocation 
for S and T at the 
national level 
Expects help from 
developed countries 
for a S and T in
formation data base

Biotechnology, Ener-
gy, Microelectro
nics, Material scien
ces, Transport, Com- 
munications, Waste 
recycling

Technology assess 
ment 
Technological fore
casting and moni
toring

Pakistan Establishment of an 
appropriate structure 
for formulation, im
plementation and 
review of the na
tional S and T policy

Preparation of a 
draft national S and 
T policy

Establishment of a 
research and devel
opment corporation

Holding interna
tional, regional and 
subregional meetings

Allocation of ade
quate funds for the 
creation, strengthen
ing and operation of 
R and D organiza
tions

Electronics, Energy, 
Biotechnology, Ge
netic engineering

Emerging technolo
gies
Technology selec
tion

Philippines Integration of S and 
T policies with 
overall national de
velopment plans 
Identification and 
support of mission- 
oriented S and T 
programmes 
Promotion of inter
national and regional 
co-operation in in
formation exchange 
for S and T develop
ment

Strengthening the 
organizational struc
ture for S and T 
planning
Creation of councils 
for various subject 
areas and sectors 
Accelerated man
power development

Expansion of the 
infrastructure for R 
and D activities in 
the public and pri
vate sectors

Ensuring the partici
pation of women 
and their integration 
in the human re
sources for S and T 
development 
Incentives given for 
high-quality man
power development

Increased allocation 
of funding for rural- 
based technologies
Expects UNFSSTD 
to finance S and T 
information data 
base for policy for
mulation

Biotechnology, Ge
netic engineering, 
Electronics, Compu
ters, Food Materials

Technology assess
ment and transfer 
Contractual arrange
ments for technolo
gy transfer

Thailand Strengthening the 
capabilities of the 
S and T policy- 
making bodies 
Establishment and 
enhancement of 
specialized R and D 
institutions 
Upgrading informa
tion systems for S 
and T planning

Strengthening R and 
D activities In uni- 
versities 
Problem-oriented R 
and D activities in 
public institutions

Strengthening the R 
and D capabilities of 
the  Asian Institute 
of Technology

Fellowships for high- 
level manpower edu
cation
Use of mass media 
to create an aware
ness for science.

Increased allocation 
of funding for R and 
D activities
Holding interna
tional, regional and 
subregicnal meetings

Biotechnology, Elec
tronics, Organic syn
thesis

Unpackaging impor
ted technologies 
Long-term S and T 
manpower planning 
Standardization and 
quality control
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(c) The direction and goals of many RDIs in the 
ESCAP developing countries are set by the industrialized 
countries (through their funding and scholarship pro
grammes) rather than by local needs. Some RDIs are ob
served to engage in non-productive projects for the purpose 
of:

(i) Keeping active researchers engaged;
(ii) Preventing competition by diversion ;

(iii) Demonstrating eagerness to help ;

(iv) Collecting data for market surveys;
(v) Field-testing of new products;

(d) Managerial problems :

(i) Lack of RDI management capability ;
(ii) Meagre resources;

(iii) Lack of competition and incentives for 
creativity;

(iv) Failure to introduce an interdisciplinary 
approach;

(v) Lack of team spirit in research;
(vi) Failure to build credibility.

During the past two decades, there has been a growth 
of interest among different countries of the ESCAP region 
in fostering intergovernmental co-operative and integrative 
schemes and mechanisms at the subregional and regional 
levels. Even though there have been strong manifestations 
of economic and political interest in such efforts» it is 
evident that they have also contained elements of technolo
gical co-operation. But unfortunately not much real pro
gress can be observed.

Co-operation among the developing countries of the 
ESCAP region can take three approaches: (a) a subregional 

approach where common problems can be tackled ; jointly 
(b) a problem-oriented approach, where different countries 
could combine forces to address a common problem; and 
(c) a non-governmental approach, where professionals in 
different countries interact independently, without the 
active involvement of any governmental machineries. In 
most of the ESCAP developing countries, co-operation 
activities have so far been confined almost entirely to the 
third category. No significant impact can be observed 
from these activities. Moreover, these activities are normally 
of a very low technology content, as can be observed from 
table II.9, which has been compiled from a survey for an 
international conference held in China in November 1983. 
However, referring back to table 11.8, it can be noted that 
the most frequently mentioned areas for international co
operation by the members of the ESCAP developing coun
tries are :

(a) Development of a technology data bank for 
information sharing with respect to technology import and 
export ;

(b) Establishment of a collective resource arrange
ment for technology forecasting and assessment;

(c) Establishment of a collective resource arrange
ment for technical support systems (such as standardiza
tion, quality control, testing and instrumentation);

(d) Joint research activities on common concerns ;

(e) Joint training programme on common concerns;

(f) Exchange of experts among developing coun
tries.

These projects come under the first two categories of 
co-operation, and can be of substantial benefit to the 
ESCAP member countries. Measures for strengthening 
these efforts are presented in later parts of this study.
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Table II.9
Some examples to illustrate the potential for technical co-operation 

among ESCAP developing countries

Source : ESCAP ECDC/TCDC survey , 1983.

Country Identified capabilities Expressed needs

China * Acupuncture technology for treat
ment of domestic animals

* Design and construction of fishing 
vessels

* Design and construction of sericul
ture farms

* Water turbine pump stations

* Textile industry

* Cement plant and building materials 
equipment

* Dyeing and printing technologies
* Biogas technology
* Wind-power generator
♦ Construction of low-cost housing

* Bamboo and rattan furniture techno
logy from Thailand

* Tropical food preservation technolo
gy from Thailand

* New varieties of sugar-cane and rice 
from the Philippines

* Silverware manufacturing from Pakis
tan

* Toy-making technology from Singa
pore

* New variety of sugar-cane from Fiji

Sri Lanka * Genetic improvement of tea
♦ Genetic improvement of rubber
♦ Coconut technology

* Gem technology

♦ Acupuncture technology from China
♦ Sericulture technology from China
* Livestock products processing from 

Thailand
* Tube chain water wheel for irrigation 

from India
♦ Fish culture from Thailand

Thailand * Fish culture and inland aquaculture

* Livestock production and manage
ment

* Control and suppression of drugs
* Herbal medicine development

* Tourism and hotel management
* Biogas production
* Roads and highway construction

* Post-harvest technology from the 
Philippines

♦ Fish-breeding technology from China

* Packaging technology from Singapore
* Grain handling, processing and 

storage from China
* Acupuncture technology from China
* Rubber technology from Malaysia

Bangladesh * Jute technology
* Jute-carpet production and proces

sing
* High-yielding-variety rice technology
* Germ plasma technology
* Vaccine for cholera and diarrhoea

* Acupuncture technology from China
♦ Cement and construction technology 

from India
* Small hydropower technology from 

Indonesia
♦ Oil and gas exploration technology 

from China
* Fish culture from Thailand
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During the last two decades, it is estimated that the 
developing ESCAP region attained an economic growth rate 
of 5.1 per cent per annum in real terms. However, owing 
to an unprecedented “population explosion” of 2.4 per 
cent a year, which has only moderately slowed down during 
the last decade, growth of GDP in per capita terms of 2.7 
per cent only was achieved. The average per capita GDP at 
constant prices (in 1975 terms) for this region increased 
from $156 in 1960 to $266 in 1980.

This process has also been accompanied by structural 
realignment characterized mainly by an increasing share of 
industry in the economies of developing ESCAP countries. 
During the last two decades economic progress was accom
panied by a transformation of the traditional sectoral 
structure of GDP, in which agriculture accounted for the 
largest share, industry the smallest and services an inter
mediary position, to a more advanced structure with ser
vices in the leading position and agriculture descending to 
the last place. Although industry lags behind the service 
sector, its expansion from some 23 per cent of GDP in 
1960 to more than 32 per cent in 1980 represents faster 
growth than that of the service sector.

Annex V contains tables relating to the GNP and 
economic structure of countries in the ESCAP region. 
Despite significant country variations, the developing 
ESCAP region has finally entered the era of modernization, 
which has to be technologically up to date, diversified and 
dynamic. In the following sections brief regional overviews 
and the status of technology development in selected eco
nomic sectors and priority areas are presented.

A. Regional overview of agricultural technologies

In the ESCAP region four major recognizable types 
of agricultural technologies have played a significant role. 
They are: (a) biological technology such as improved varie
ties of seeds and breeds; (b) chemical technology such as 
fertilizer, insecticides, pesticides and weedicides; (c) me
chanical technology such as farm machinery ; and (d) land
augmenting technology in the form of irrigation water 
management. Annex VI gives statistical data relating to 
these technologies in the ESCAP region.

1. Seed technology

Now, it is generally recognized in most ESCAP coun
tries that the use of improved seeds alone can increase crop 
yields by at least 10-15 per cent over the old varieties. The 

estimated demand for new improved seeds among farmers 
is not documented in the ESCAP region, but it is generally 
accepted that all developing countries in this region, except 
China and India, are facing a severe shortage of new im
proved seeds.

The major plant-breeding institutions in the ESCAP 
region are mostly government institutions and agricultural 
universities and the major improved seeds are produced 
either by government enterprises or private subcontractors. 
The distribution of new improved cultivars is done both 
by private and government agencies.

In the South Asian region, Bangladesh and India are 
very actively involved in breeding wheat. The Bangla
desh Rice Research Institute, the Bangladesh Agricultural 
Development Corporation, the Indian Agricultural Research 
Institute and some agricultural universities are responsible 
for seed production. Countries in South-East Asia like the 
Philippines and Malaysia have also been breeding new rice 
seeds which are fitted to their respective climatic condi
tions. The leading breeding institutions in the Philippines 
are the Bureau of Plant Industry and the International Rice 
Research Institute. The Seed Grower Association and the 
Philippines Seed Industry Association distribute improved 
cultivars. In Malaysia, the Department of Agriculture, 
universities and other farmer's and federal agencies are also 
involved in producing and distributing new cultivars. In 
Thailand, the Ministry of Agriculture and Co-operatives, 
with three other major organizations, namely, the National 
Maize and Sorghum Research Centre, the Field Crop 
Division and the Department of Agriculture, are handling 
all cultivar improvement activities. The production and 
distribution of the foundation and registered seeds is the 
responsibility of the Agricultural Technical Division. The 
Department of Agricultural Extension is responsible for 
multiplication of certified seeds for distribution among the 
farmers. In the Republic of Korea, seed production is 
handled by the Ministry of Agriculture and Forestry 
(MAF). There is no separate cultivar registration agency. 
A number of improved cultivars are distributed by the 
Seed Production and Distribution Division of MAF, the 
National Agricultural Products and Inspection Office and 
the Agricultural Research Bureau. A number of improved 
seeds in addition to vegetables are distributed directly by 
MAF. Only vegetable seeds are distributed by private 
companies. In China, production of cultivar seeds is the 
responsibility of all agricultural research institutes, agri
cultural universities and colleges at the national level and 
all other regional levels throughout the country. Both the
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Government and experienced farmers undertake breeding 
work. The China National Seed Company handles all 
import and export activities related to cultivars. This 
institute built up domestic production of cultivars by 
giving experienced communes and production bridgades 
subcontracts to produce new improved seeds.

The rate of adoption of new and improved varieties 
of seeds for selected crops is still low in most of the ESCAP 
countries. The promotion and extension effort through 
field trials and crop demonstrations to obtain farmers’ 
confidence in the new seeds’ performance has tended to be 
inadequate. Normal market mechanisms and channels can 
also play an effective and increasing role in spreading the 
use of new and improved seeds.

2. Fertilizer technology

Programmes aimed at improving the rate of adoption 
of new and improved cultivars cannot be fully developed 
without support from other technologies. Among others, 
chemical fertilizers are regarded as being critical in the 
adoption of new seed varieties. It is generally felt that 
fertilizers have been responsible for over 50 per cent of 
the increase in crop production in most developing coun
tries.

Nevertheless, only a few countries in the ESCAP 
region have been able to produce the three major plant 
nutrients (N, P2O5 and K2O). India, Indonesia, Pakistan 
and the Republic of Korea together account for more than 
90 per cent of the production of nitrogenous and phospha- 
tic compound fertilizers and 80 per cent of the total con
sumption of the three nutrients. The data in annex table 
A.VI.l indicate that fertilizer production in the ESCAP 
developing countries has progressed quite rapidly during 
the past five years. The production of chemical fertilizer is 
growing rapidly in India, Pakistan, Indonesia, the Republic 
of Korea and China, while it is declining in the Philippines.

The dependence of ESCAP countries on imported 
fertilizers is shown in table A.VI.2. The dependency level is 
significant in Nepal, Sri Lanka and Thailand and low in 
China, the Republic of Korea, Indonesia and Bangladesh. 
The countries which import more than 50 per cent of their 
annual consumption are India, Pakistan, Malaysia and the 
Philippines.

Table A.VI.3 indicates that fertilizer consumption 
during the 1970s in the ESCAP region was generally higher 
than the world average. However, the fastest growth rate in 
fertilizer use in the region was in Indonesia (17 per cent), 
where the total level of fertilizer consumption reached 
1 million tons in 1981 and the amount of fertilizers used 

per hectare increased from 12 to 54 kilograms. Growth 
rates of between 10 and 14 per cent of fertilizer consump
tion are found in Bangladesh, India, Nepal, Pakistan, China, 
Malaysia and Thailand. Relatively slow increases in fertilizer 
use trends exist in Sri Lanka, the Philippines and the 
Republic of Korea. The average quantities of fertilizer 
nutrients used per hectare in selected countries of the 
ESCAP region are also presented in table A.VI.3.

During 1981 only 75 per cent of the total demand 
for fertilizers of countries in the ESCAP region was met 
through production within the region. The total production 
of the region in 1980/81 amounted to only 20.4 million 
tonnes of NPK, whereas the estimated total demand was 
about 27.1 million tonnes. Therefore, the ESCAP develop
ing member countries have to import the balance from 
EEC, North America, Africa, the Middle East and centrally 
planned economies. The amount of fertilizer nutrients 
import totalled 9 million tonnes during 1980/81. China, 
India and Japan shared about 70 per cent of both total ni
trogenous and phosphatic fertilizers supplied in the region. 
The intraregional trade in fertilizers among countries in the 
ESCAP region is moderate in scale. The member countries 
supplying chemical fertilizers to India were Indonesia, the 
Republic of Korea and Japan. Major sources of supply 
outside the region are North America, the Middle East and 
the centrally planned economies (table A.VI.4).

3. Mechanical technology

The pattern of agricultural development in the region 
has moved towards the diversification and intensification of 
agricultural production, and a gradual shift of agricultural 
practices from traditional subsistence farming towards 
commercialization can be observed in most countries in 
the region. Wherever these changes have taken place, the 
relative importance of mechanical equipment in place of 
animal power is noticeable. Table A.VI.5 shows that during 
the period 1965-1978 mechanical power replaced animal 
labour significantly. However, the per hectare input of 
human labour in rice production tended to increase during 
the same period. This may be due to changes in cropping 
intensity, which require more labour in planting and 
harvesting. The Republic of Korea, Thailand, the Philip
pines, India and Pakistan are countries with a significant 
increase in the use of machine power during the period 
1965-1978. 

Table A.VI.6 depicts the production and utilization 
of farm machinery in selected countries in the ESCAP 
region. Small machines such as power tillers, power spray
ers, threshers and pumpsets for irrigation are commonly 
used in the region, especially in India, the Republic of 
Korea, the Philippines and Thailand. Large four-wheel 
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tractors have been introduced for more than one decade 
for land preparation and other farm operations, especially 
for upland crops.

In India, the expansion in the production of a large 
variety of agricultural machinery has been outstanding. The 
production of engines and four-wheel tractors doubled 
during 1969/70 to 1976/77. During the same period, local 
production of power tillers expanded rapidly in the Re
public of Korea, the Philippines and Thailand. However, 
both Thailand and the Philippines depend heavily on 
imported engines for power tillers. The domestic manu
facturing of power sprayers also expanded remarkably in 
the Republic of Korea and Thailand. That of power 
threshers increased very rapidly in the Republic of Korea, 
Pakistan and the Philippines. A large number of four-wheel 
tractors were imported into many Asian countries, includ
ing India, Pakistan, the Philippines and Thailand. The trend 
of imports in tractors has increased in every country except 
India, where the number of tractors imported has declined 
fast.

Manufacture of farm machinery for export is still not 
significant among developing countries of the ESCAP 
region, although the Republic of Korea, the Philippines 
and Thailand have shown an increase in the value of farm 
machinery exported.

4. Irrigation technology

In all countries of the ESCAP region, irrigation pro
jects have been actively promoted in view of their crucial 
role in agricultural development.

From 1969 to 1980 the irrigated area in the region 
increased by 22.8 per cent, or from 98 to 120 million 
hectares, constituting 31.5 per cent of the total arable land. 
Of this increase, about 73 per cent was reported from India 
and China. Table A.VI.7 indicates the ratio of irrigated area 
to arable land for countries in the region. In Bangladesh, 
the ratio of irrigated land to total arable land increased by 
more than 6 per cent during 1971-1980, with the rate of 
increase in irrigated land exceeding 53 per cent. Other 
countries, where irrigated land increased by more than 50 
per cent during the same period were Nepal, Malaysia and 
the Philippines. In India and Thailand, the irrigated land 
increase was 30.4 per cent and 34.9 per cent respectively. 
Pakistan, Sri Lanka, Indonesia, the Republic of Korea and 
China all increased their irrigation areas between 9 per cent 
to 30 per cent. The countries with the highest advance in 
irrigation development (50 per cent) in 1980 were Pakistan, 
the Republic of Korea and China.

The high cost of modern multi-purpose irrigation 

projects and the complexities of associated land and infra
structure development in order to utilize the irrigation 
facilities fully have been major constraints in greater use 
of surface irrigation facilities. India, Pakistan and the 
Republic of Korea have developed both surface and ground
water irrigation. Many countries have already expanded 
their cropping intensities in response to their irrigation 
development. The areas of the Central Plain of Thailand, 
Central Luzon in the Philippines, the Muda area of Malay
sia, the Indus basin in Pakistan, the Brahmaputra basin 
in Bangladesh and the wet zone of Sri Lanka are good 
examples of such development. Since the development 
of surface-water irrigation is expensive, other alternative 
means to exploit water resources, namely, underground 
water, water pumped from natural waterways etc., should 
be given greater consideration. Similarly, improvements 
in water management, land localization and modernization 
of systems of water delivery and control would optimize 
the benefits at relatively low cost.

B. Regional overview of transport and 
shipping technologies

The transport sector is undergoing rapid changes in 
the ESCAP region. Technological innovations and improve
ments in the decade or two in the world have significantly 
influenced this breath-taking progress in this sector in 
quantity as well as in quality. The nature and size of the 
transport problems faced by the countries in the region 
are largely specific to each country, in view of the vast 
economic, social and political diversities between countries 
of the region, and even more important within the coun
tries themselves, with highly industrialized urban centres 
on the one hand and backward and poor rural areas on the 
other. In general, among the developing countries of the 
region, investment in and the pace of development of 
transport infrastructure and services have been lagging 
behind the requirements of their national economies. Slow 
adaptation and adoption of new technologies together with 
the lack of integrated planning, wasteful and unnecessary 
competition among the different modes of transport, slow 
pace of managerial improvements, inadequate manpower 
development and low levels of productivity and operational 
efficiency have been responsible for the problems in this 
sector. Therefore, during the proposed Transport and 
Communication Decade for Asia and the Pacific during the 
period 1985-1994, the development of transport techno
logies merits considerable attention. Although the trans
port sector mostly accounts for not more than 10 per cent 
of the gross domestic product in ESCAP developing coun
tries, the growth rates in this sector have been considerably 
above those of the output sectors in several countries.
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1. Road and rail transport

Railways and roads accounts for the bulk of internal 
transportation of goods and people in most of developing 
ESCAP region. Of the two modes, road transport pre
dominates except in a few countries (e.g., India and China), 
where rail transport accounts for over half of total freight 
and passenger traffic on land. Construction, surfacing and 
other road improvements have absorbed a major portion 
of public investment funds in the transport sector. During 
1970-1980, road networks expanded at annual rates of up 
to 10 per cent and paved roads up to 15 per cent. In spite 
of this, road facilities in ESCAP developing countries re
main inadequate at less than two metres of paved road per 
person and a road density one tenth that prevalent in 
Europe. Furthermore, only about half the rural population 
in developing ESCAP countries have access to motorized 
transport. The development of road infrastructure was 
mainly concerned with the construction of rural roads as 
part of more general programmes of rural development and 
the associated need to improve market access for agricul
tural products.

An attempt has also been made to analyse the share 
of road transport in some of the countries for which 
information is available, and changes in this over a period 
of 3-10 years are shown in table A.VII.l. A comparison has 
been made separately for passenger traffic in terms of 
passenger-km and for freight in terms of tonne-km. Freight 
traffic has grown in every country. Passenger movement by 
road transport also has shown appreciable growth in recent 
years. In those countries where road transport has been a 
dominant sector traditionally, the change of proportion 
was relatively small.

In 1979 for passenger traffic in Hong Kong, Indone
sia, Papua New Guinea and Sri Lanka road transport played 
a dominant role with 98, 85,92 and 84 per cent, respective
ly, in terms of passenger-km. In Bangladesh and Japan the 
share was over 50 per cent while in the Republic of Korea 
the share of road transport was only little over the third 
of the total volume. In freight transport, the shares in 
Indonesia, Papua New Guinea and Thailand were over 80 
per cent, whereas in Australia, Bangladesh, Japan and the 
Republic of Korea only 30 to 40 per cent of the traffic 
was carried by road transport (table A.VII.2).

Table A.VII.3 shows the position regarding paved 
roads per person of the population and paved road network 
density per square kilometre of land area. The coverage of 
paved roads per person or density or paved road network 
is poor. Nearly all countries of the ESCAP region have a 
paved road length of under three metres per person.

An analysis of the trends in the development of 
vehicle fleets (four-wheelers) in selected countries (table 
A.VII.4) shows that in the ESCAP developing countries 
the number of motor vehicles (four-wheelers) grew by 90 
per cent as against 80 per cent in the developed countries 
of the region during the period 1970-1978. Table A.VII.5 
shows the growth in passenger cars and commercial vehicles 
in the developing ESCAP region, the developed ESCAP 
region and Europe during the period 1970-1978. With 
regard to the growth of vehicle usage by type, in the 
developing ESCAP countries the rate of increase of com
mercial vehicles was higher than that of passenger cars. The 
comparative position of vehicle ownership in terms of total 
number of vehicles per 1,000 population is shown in 
table A.VII .6. Countries with a high per capita GDP gen
erally tended to have a high vehicle ownership rate. From 
table A.VII.6 it appears that developed member countries 
of ESCAP have maintained roughly around 30 metres of 
paved road length for every vehicle owned, with the ex
ception of Japan.

The Asian Highway consists of a network of interna
tional roads, about 65,000 km in length connecting 14 
countries in the ESCAP region. It extends from Europe in 
the west to Viet Nam in the east and Indonesia in the 
south-east with a linkage to Sri Lanka. The Asian Highway 
system is about 91 per cent complete (i.e., the pavement 
condition is about minimum design standard, namely, 
compacted gravel) as at 1982. The expansion of the Asian 
Highway network is very important from the promotion of 
international traffic.

Rail transport is becoming more important in several 
countries, including Bangladesh, Burma, Indonesia, Malay
sia and Thailand. Since past developments focused on road 
sytems and railways were neglected, investments in railway 
networks in the region in the 1980s have concentrated 
on rehabilitation and modernizing of existing systems. 
Pakistan, for example, included in its annual development 
plan for 1982/83 an accelerated programme of rehabilita
tion of railway track and signalling systems and improve
ments in the locomotive fleet. Traffic growth in the railway 
system has in recent years been mainly in the passenger 
sector. As a result, efforts have been directed to raising 
freight volume. In India, for instance, goods traffic by rail 
increased by 13 per cent in 1981/82 after declining for 
three consecutive years. The high price elasticity of demand 
for railway traffic has compelled railway administrations 
constantly to seek to control costs and keep prices low. 
Hence, electrification has been undertaken to substitute for 
petroleum-based fuel and to raise the cost efficiency of 
rail transport. Exemplifying this development has been 
China's first double-track line linking Taiyuan and Shi
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jiazhuang, which came into operation in September 1981 
to transport coal out of Shanxi province. The existing 
electrified track length of railways is quite low, ranging 
from 2 per cent of total route length in Indonesia to 14 
per cent in the Republic of Korea. Burma has sought to 
improve its rail transport by better utilization of new 
diesel locomotives, carriages and wagons. These efforts 
succeeded in increasing freight tonne-miles by rail by 
11 per cent in 1981/82. By contrast, as a result of keen 
competition from private road haulers and a preference 
for lorry and van services, Sri Lanka’s rail transport re
corded declines in both goods and passenger traffic during 
the first half of 1982. To meet this competition, contain
erized rail transport was introduced in 1982.

Further analysis of statistics on railway facilities and 
traffic in ESCAP developing countries brings out the 
following points. The number of railway locomotives 
decreased by 18 per cent during the period under review. 
The number of freight wagons decreased by 7 per cent, 
while the number of passenger-carrying cars declined by 
13 per cent. Nevertheless, other important indicators of 
railway operational performance, such as passenger-km 
and freight-km, have consistently shown an improvement. 
Passenger traffic increased by 44 per cent from the year 
1970 and freight traffic by 10 per cent.

With the growth of passenger traffic, but with a 
decrease in the numbers of passenger cars, their utilization 
has improved continuously; it increased by 66 per cent 
during the period 1970-1978. Production of freight wagons 
has shown only a light increase since 1970. During the 
period under review it increased by 18 per cent. From this 
it can be seen that, although the production levels of 
passenger vehicles in ESCAP developing countries have been 
fair, the level of production for freight transport still needs 
improvement in many developing countries of the region, 
judging by the progress made in advanced countries.

There was an increase of about 42 per cent in track 
utilization for passenger transport, but a 44 per cent de
crease for foreign transport. Compared with statistics for 
advanced countries, the level of track utilization, especially 
for freight transport, was not adequate in many developing 
countries of the region.

Generally, the present electrified track lengths are 
less than 10 per cent of total route lengths on railways 
in the region, except for Japan and the Republic of Korea. 
In view of the recent global energy crises, railway electrifi
cation should be more extensively promoted (tables 
A.VII.7 to A.VII.12).

2. Airtransport

In the next 10 years it is expected that the number of 
international airports will increase by about 30 per cent. 
Most of these airports are likely to be located in the devel
oping countries.

In the ESCAP region there are approximately 70 
international airports, and 11 new ones are likely to be 
added in the 1980s. The region’s share of international 
airports can be considered very modest. It can be assumed 
that in the 1990s more international airports will have to 
be constructed in the ESCAP region in order to meet an 
increasing demand for air transport, 

a

A considerable shift in the regional distribution of 
international traffic was marked by reductions in the North 
American share, while that of Asia and the Pacific increased 
significantly from 15 to 26.6 per cent, a percentage pre
viously held by North America (now only 18.9 per cent). 
The upward tendency of freight traffic growth in Asia and 
the Pacific is also encouraging. In the last 10 years, (1972- 
1982), freight traffic in the region increased from 1,267 to 
7,038 million tonne-km, which means an average annual 
growth rate of 18.7 per cent and a regional share of 22.7 
per cent of the world freight traffic.

As to tourist traffic, only two regions of the world 
experienced an increase in tourist arrivals; Africa and the 
Asian and Pacific region were both up by 3.2 per cent. 
Individually tourist arrivals rose by 28 per cent in French 
Polynesia, 16 per cent in Thailand, 14 per cent in Japan, 9 
per cent in Sri Lanka, 3 per cent in Hong Kong and be
tween 1 and 2 per cent in India and New Zealand. 

a

The difficult economic situation has hampered air 
traffic growth in most parts of the world although the 
ESCAP region has been much less affected. While airlines 
in several cases were compelled to consolidate their routes 
or reduce the frequency of flights, other routes were ex
tended to include additional points and a number of 
entirely new routes were opened, particularly by Asian 
and Pacific airlines. Air cargo services have shown an 
average annual growth rate of about 18.7 per cent, despite 
the fuel crises and world-wide recession in the early 1970s. 
In 1983 the industry finds itself still facing the problems 
of very high fuel prices while the situation is further 
complicated by airport congestion and the growing concern 
of the public with environmental considerations.

In spite of bleak forecasts regarding the air transport 
industry, air cargo transport has great potential. IATA 
international regional freight traffic forecasts of annual 
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growth rates until 1992 are over 10 per cent for South, 
South-East and East Asia and over 15 per cent for the 
Pacific while the regional share of world traffic is predicted 
to increase from 22.7 per cent in 1982 to 31.6 per cent in 
1992. The price of fuel is not the only factor affecting 
air cargo intermodal competitiveness and the shipper's 
decision process. Other significant factors are reduction of 
fuel consumption through technological advances, wages 
and the cost of money. Potential fuel savings would appear 
to be great for air transport, where technological improve
ment will certainly continue at a much quicker pace than 
for surface transport modes. Fuel consumption has already 
been considerable lowered by wide body aero-planes and 
the second generation jet engines, while the latest genera
tion, just appearing in the skies, shows even greater fuel 
economy. Rising wages can be expected significantly to 
affect the transport industry as a whole since it is relatively 
labour-intensive but should have less effect on air freight, 
which tends to increase mechanization, cargo consolidation 
and containerization to the limit in order to make the most 
intensive use of aircraft flying hours. This will certainly 
have a favourable impact of the competitiveness of air 
cargo.

The adequate choice of technology plays an im
portant role in the development of all varieties of transport 
systems. The different models of vehicles and equipment 
acquired over time, lack of comprehensive planning for 
systematic development, dependence on uncertain and 
multiple sources of funds for planning and procurement of 
equipment and poor management and maintenance are 
some of the more serious issues related to the technological 
development of transport.

The extremely large and unmanageable number of 
models and makes of vehicles and equipment in many 
developing countries makes it all the more difficult for the 
management and technical staff to cope with the situation. 
Before a group receives sufficient training and acquires 
skills in operation and maintenance of one set of equip
ment, new sets involving higher and more sophisticated 
techniques are acquired, which in turn require new training. 
Furthermore, frequent model changes by manufacturers, 
especially in the communications sector, sometimes cause 
great difficulties in procuring spare parts, even for equip
ment acquired only recently.

In most of the developing countries there exist both 
modern urban centres and backward rural areas. Given 
this setting, these countries need both the most advanced 
and intermediate technologies. The bullock cart and the jet- 
propelled aircraft are both necessities, and improvement 
in the operational efficiency of both is needed.

3. Shipping, ports and inland waterways

Within a relatively short period ESCAP seafarers have 
had to deal with, and handle more, bigger and more sophis
ticated vessels requiring increased levels of competence and 
capabilities. Introduction of new methods of cargo con
veyance and handling, a sequel to the ever-increasing cost 
of human employment and energy effectiveness, have 
brought about increased transport over sea in full homoge
neous ship loads. Tankers, dry bulk carriers, container 
vessels, LNG carriers and other specialized vessels have 
been added to the fleets of ESCAP member countries. In 
the period 1974-1982, whereas the share of the developed 
countries of the region, Australia, New Zealand and Japan, 
in world tonnage dropped by 2.6 per cent, that of the 
developing ESCAP countries increased by 5 per cent. An 
analysis of the growth of average ship size shows that 
during 1974-1982, as compared with a 12 per cent increase 
outside ESCAP, the corresponding increase for the develop
ing ESCAP countries was 32 per cent. In the oil tanker 
field, ESCAP developing country ownership increased from 
2.0 per cent of the world tonnage to 5.4 per cent in the 
same period, whereas the average size increased by 42 per 
cent. The increase in the bulk fleet for the developing 
ESCAP countries has been fourfold although the size in
crease has been only 4.5 per cent. In the container fleet 
the ownership of ESCAP developing countries increased 
from 1.3 per cent in 1974 to 13.3 per cent in 1982 and 
the average size went up from 6,000 GRT to 16,000 GRT 
(tables A.VII.13 and A.VII.14).

In addition to the increased numbers, larger sizes 
and specialized vessels, the impact of technology has been 
felt in the use of very sophisticated propulsive machinery, 
communication equipment, nautical appliances, and in
creased use of electronics, computers and automation, 
demanding greatly improved capabilities and competence of 
officers and crew and imposing a very heavy strain on the 
management, often ill equipped for this stupendous task. 
Course setting and keeping, position finding, route selection 
and bad weather navigation are a few examples of the areas 
where electronics, computers and satellites are becoming 
common-use techniques in safety as well as in the competi
tive struggle to provide the most attractive service.

The variety and diversity of commodities that are 
being offered for shipment are impressive. The list of new 
products, materials and chemicals (often of a noxious, 
hazardous, flammable and dangerous nature) is already 
long and is still expanding, adding to the problems. Com
puter programs have been developed to sort out the 
stowage arrangements and handling requirements.

Such an array of hardware, the product of advanced
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technologies, has to be suitably backed by the necessary 
software and manpower training to ensure efficient utiliza
tion of the advanced capabilities.

Ports of the ESCAP region, like their counterparts in 
the developed world, are going through a period of drastic 
technological change with the advent of the new ship and 
cargo-handling techniques. Starting at the macro level, 
the concept of mainline, subsidiary and feeder ports, the 
revised economic port hinterland and its enlargement as 
a result of the improved and expanded inland facilities 
plus the regional and subregional pulls and pressures are 
some of the important considerations affecting port plan
ning and policies. Coming closer inshore, the draught 
requirements of the larger ships have triggered a host of 
problems concerning sedimentology, littoral drift, dredging 
effectiveness and led to a search for innovative approaches 
like offshore terminals, island ports, submersed storage 
facilities and pipeline loading and discharge of solids. On 
the land side, heavy and sophisticated equipment for ship 
loading and discharge, the requirements of large areas for 
stacking and handling, much faster clearance rate and the 
necessity of chasing the container even after clearance have 
added to the already acute problems of asset maintenance, 
management and logistics. The full impact of these tech
nologies has yet to be felt in the majority of the developing 
countries of the ESCAP region but the strains are already 
there. Technological inputs are urgently required to equip 
these prots to meet the present requirements, face the 
future with confidence and avoid costly errors.

Much of the groundwork and technical development 
of hardware has already been undertaken by the industrial 
nations and much of this with some modifications can be 
adopted by the developing countries. With the huge in
crease in port investments, however, much remains to be 
done on the software side. Consideration and reporting of 
suitable performance indicators such as return on capital, 
ship turnround time, equipment utilization, labour effi
ciency and cargo-handling throughput are one such area. 
The introduction of the new technologies provides a good 
opportunity to make significant advances here.

Containerization is growing at a fast rate. In the 
five-year period up to 1981, container throughput in the 
ESCAP region doubled, to 30 per cent of the world con
tainer throughput. Whereas ESCAP developed countries 
have increased their figure by 44 per cent the developing 
countries’ container throughput has grown by 110 per 
cent, accounting for 17 per cent of world container traffic. 
With this swing to containerization, it is not unusual for 
15,000 tonnes of cargo to be discharged/loaded in one day, 
a task which in the past could have taken well over 10 
days. This physical movement of cargo has to be monitored 

and controlled efficiently, and management skills and all 
back-up services have to be upgraded to match the pace 
set at the quayside (table A.VII.15). Singapore has been a 
notable example of technology absorption in this field, 
having grown to be a world leader in containerization 
and the sixth largest container port in the world.

Although the developing countries of this region are 
aware of the advantages of water transport, such as being 
(a) the least energy-intensive mode of transport; and (b) 
comparatively pollution free and helping in integrating 
backward and rural areas into the national economy with 
minimal infrastructural investment, it continues to occupy 
a back seat in the transport policies of a vast majority of 
these countries.

The development of waterways for reasonable-size 
inland craft and year-round operation, the siting, con
struction and maintenance of suitable inland terminals,
the design, building and operation of appropriate water
craft and the availability of trained manpower for all these 
tasks have been the major problem areas for the developing 
countries. It is interesting to note that in the United States 
around 18 per cent of total domestic traffic is waterborne 
and, in Western Europe in 1973, 101,000 million tonnes- 
km of freight were carried on inland waterways. The figure 
has been steadily growing since then. In the ESCAP region, 
except for China and Bangladesh, which have made exten
sive use of their waterways, the rest of the countries have 
very insignificant organized traffic over their waterways.

C. Regional overview of industrial 
technologies

The industrial sector in the developing ESCAP region 
has performed relatively better during the last two decades 
and these countries have shown their determination to 
achieve greater industrialization through refinements and 
improvements in policies and strategies and effective 
implementation. However, the relative proportion of the 
industrial sector in the whole economy has changed little 
during the period. On a regional average the industrial 
sector’s contribution to total GDP was 21 per cent in 1960 
and increased modestly to 26 per cent in 1980. The average 
rate of growth of GDP originating from the industrial sector 
was 8.5 per cent during 1960-1970 and decreased by one 
percentage point during 1970-1980. The average annual 
rate of growth of industrial GDP in the developing ESCAP 
region was 7.9 per cent during 1960-1980 whereas the 
average for the developed ESCAP region was 5.5 per cent 
during the period.

The structure of the economy of the ESCAP region 
has undergone changes during recent decades from a 
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dominant agricultural position in 1960 to the services 
sector taking the dominant position in 1980. In this pro* 
cess, the industrial sector is occupying second position 
with agriculture being relegated to third. Although the 
region taken as a whole has entered into the transitional 
phase towards industrialization, several individual countries 
have still remained in the traditional stage with dependency 
in agriculture.

In most countries, both the public and the private 
sectors have been garnered and galvanized towards in
dustrial development. In the early post-Second World War 
period the industrialization process was largely a copy of 
the experiences of the developed nations. But increasingly
the pattern and process of industrial development is being 
adjusted to the unique resource endowments and specific 
socio-economic situations prevalent in individual countries 
of the region. The initial and heavy emphasis on import
substitution and on imported technology is being gradually 
replaced by export-oriented policies combined with a 
judicious mixture of capital- and labour-intensive techno
logies.

The spectacular successes of some countries in 
the ESCAP region in export-oriented industrialization 
strategies during the 1970s have led a large number of 
countries to enact legislation containing several liberal 
concessions to promote export-led industrialization. In 
many instances this is to be done without abandoning the 
import-substitution policies. In the final analysis, export
promotion and import-substitution policies are not mutual
ly exclusive policy instruments. They are complementary 
in nature, provided that the priorities are clearly spelt out 
on a subsectoral and project basis. In examining the re
lationships of the change in strategies and thereby the 
changes in the structure of the economy where sectoral 
dominance is being transformed, one would like to think 
that the required process of industrialization would natural
ly imply the building up of a technology base of a fairly 
sophisticated nature over the years. This is substantiated by 
the fact that from the 1960s to the 1980s the growth rate 
of industries in even the relatively less developed countries 
was higher than that of the present middle-income coun
tries during the corresponding earlier period in their history 
of development.1 But it should be borne in mind that the 
process of both import substitution and export promotion 
relied heavily upon imported technology and know-how. 
Developments in respect of technological capabilities were 
not in equal proportion to industrial growth rates. It is only 
now that there is greater realization that a suitable condi

1 E/ESCAP/IHT.6/7.

tion or environment for an improved technological base has 
in fact to be created.

It is very difficult to find the exact technological 
status of the different countries of the region, as data and 
information are unavailable. Nevertheless, looking at the 
overall economic performance and also the degree of 
industrialization, one can broadly categorize the countries 
into four divisions.

The first group of countries consists of those which 
have low per capita GNP. These countries are very much 
dependent on the subsistence agricultural sector with little 
manufactures. They still regard agricultural and rural 
development as the major strategy of development, em
phasize labour-intensive technology and are trying to 
promote more medium- and small-scale industries along 
with cottage and village-level industries. They have been 
able to develop some large industries also basically produc
ing a limited range of consumer items.

The second group, i.e., middle-income countries, have 
been trying to develop some industries which produce 
machinery for light and a few selected heavy industries. 
Their efforts, are also concentrated on the conversion of 
raw materials to semi-finished or finished products, devel
opment of small- and medium-scale industries linked to 
large-scale units, exploitation and development of energy 
sources and attempts to increase productivity with tech
nological improvements.

The third group, which consists of newly indus
trializing countries, has attempted to shift from labour- 
intensive to more developed technological choices with 
energy-saving efforts and productivity increases. They have 
gone into not only mass production of consumer items but 
also into export promotion goods. They have also laid 
emphasis on production by basic and heavy industries.

The fourth group consists of industrialized countries 
which have a highly developed technological base and are 
good competitors in international markets. They are also 
the high-technology exporters.

In the ESCAP region as a whole the fastest-growing 
manufacturing industries consist of the following:

(a) Professional and scientific equipment and pho
tographic and optical goods;

(b) Electrical machinery;

(c) Chemicals;

(d) Beverages;

(e) Glass and glass products;
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(f) Petroleum and coal products;

(g) Leather and leather products;

(h) Other non-metallic mineral products;
(i) Non-electrical machinery;

(j) Rubber products;
(k) Transport equipment;
(1) Iron and steel.

All these fast-growing industries combined had a 
growth rate of 9.7 per cent per annum during 1970-1980 
and their combined share in total manufacturing produc
tion was 35.1 per cent in 1980.

1. Mining and metallurgical industries

The region is rich in all sorts of mineral resources and 
therefore the intensification of exploration activities will 
require the building up of technological capabilities in the
mining industry. Furthermore, the reduction in the export 
of raw materials basically of an extractive nature will also 
call for such build-up technologies relating not only to the 
exploration but also to the recovery of minerals and other 
extractable mineral materials and should be the subject of 
particular concern in this region. Non-metallic mineral 
products grew at a rate of 8.4 per cent between 1970 and 
1980 in this region.

2. Food industries

In a majority of ESCAP countries, even at present the 
food processing industry occupies a very important role. 
The region, which encompasses a wide area and also houses 
a large segment of the world’s population, has been in need 
of better technological advances in the food processing 
industry. In view of the long-term perspective of increasing 
food production in the region, it is very pertinent to ex
plore advanced technological possibilities in terms of 
achieving an adequate nutritious food supply, food pre
servation schemes, storage and distribution. The efforts 
towards technological advances in developing protein-rich 
foods which can be blended easily and naturally with 
locally available products will constitute a major techno
logical challenge in the region.

3. Light industries

This category of industry, consisting of forestry 
products, leather, textile, chemicals and plastic products, 
also occupies a very significant place in the ESCAP region. 
Among these, chemicals, leather and leather products are 
growing at a fast rate. These industries occupy key areas 
to achieve improved utilization of indigenous raw materials 
and can also be highly employment-generating types.

Because of high potential not only for internal consump
tion but also for exports, it is highly desirable to examine 
the possibilities for technological advancement in these 
areas.

4. Heavy industries

Some of the developing countries of the ESCAP 
region are also moving towards the development of heavy 
industries in the areas of industrial chemicals, petroleum 
refineries, iron and steel, other fabricated metals, transport 
equipment and electrical machinery. As a matter of fact, 
electrical machinery, petroleum and coal products, trans
port equipment and iron and steel are some of the fastest- 
growing industries in the region. However, the capital- 
intensive nature of heavy process industry calls for a proper 
choice of technology and also requires adequate operating 
and maintenance capabilities. This will call for specialized 
technological knowledge, applied research in by-products, 
waste disposal mechanisms and much more sophisticated 
energy-saving techniques. There is a great need to enhance 
engineering techniques by undertaking research in these 
areas. In terms of other machinery and transport equip
ment, ESCAP region developing countries need further 
basic research to suit the local geographical and industrial 
structural patterns.

5. Housing industry

A large part of the ESCAP region’s population 
lives in the rural areas and one of the critical problem areas 
has been dwindling construction materials for housing 
construction in these areas. The traditional construction 
materials like bamboo and other forest-based materials are 
now in short supply in the majority of the ESCAP coun
tries. Research to identify new indigenous housing con
struction materials and develop techniques for low-cost 
housing is one of the key technological challenges now 
facing the region.

Furthermore, in almost all the developing countries 
of the ESCAP region, in the non-durable, consumer goods 
and import-substituting industries, foreign technology has 
been concentrating on containerization, marketing and 
distribution aspects. With respect to durable consumer 
goods and import-substituting industries, the supply of 
foreign technology and know-how has often been limited to 
assembly and semi-assembly type of engineering manu
facturing with import of major parts and materials.

Moreover, there has been excessive reliance on big 
companies and TNCs for technological collaboration. The 
small and medium industries in the developed countries, 
which have the technology and capability to collaborate 
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in the modern sector of developing countries, have not been 
fully utilized. Information regarding them and opportuni
ties for exchange of experiences on technological aspects 
are inadequate. Internationalization of the technological 
capabilities and potentialities of small and medium indus
tries in the developed countries so as to facilitate techno
logy imports and upgrading of industries in developing 
countries possesses great potential.

The drive towards industrialization within the region 
has been neither a simple nor a straight-forward process. 
Generalizations on the validity of individual experiences are 
difficult to sustain for the region as a whole in view of 
enormous country differences and problems. Whether it is 
through a trade-induced and export-led industrialization 
process or the expansion of the indigenous manufacturing 
base to cater for substantial domestic markets, it is clear 
that remarkable dynamism and capabilities have been ex
hibited in all subregions. In order to carry this momentum 
of industrialization forward in the coming decades and to 
generate higher and variegated levels of production, tech
nological developments in the industrial sector have to play 
a crucial role. The needs of industrial development in the 
region as a whole are far ahead of technological availability 
and capabilities. This gap must be dexterously bridged with 
suitable strategic approaches, policies and programmes, as 
was brought out in chapter II of this study.

As has been pointed out in different sections of this 
study, the ESCAP region consists of countries with widely 
divergent socio-economic conditions and levels of industrial 
development. Therefore, it is difficult to indicate a uniform 
set of industrial technologies for all the countries. However, 
the major effort at the regional, subregional and national 
levels should be to aim at technological self-reliance 
through increased technological capabilities in priority 
subsectoral areas. In the majority of the ESCAP developing 
countries, the creation of employment opportunities and 
the provision of the basic needs of the broader masses of 
the population should receive priority consideration in 
industrial technological choices. But for those countries 
which have accorded higher priority to export-led growth, 
the technological choices may be different with more 
sophisticated technology imports from abroad. Therefore, 
the choice and adaptation of industrial technology would 
consist of both large-scale technologies and low-cost small- 
scale technologies depending upon the socio-economic 
objectives, industrialization strategies and the levels of 
overall development.

D. Regional overview of energy-producing 
technologies

Sustained economic growth requires considerable 

inputs of energy in appropriate forms and at affordable 
costs. It is generally accepted that the amount of energy 
availability will effectively determine the economic levels 
that can be reached by any society. Figure A.IX.l shows 
that per capita annual energy consumption rises with per 
capita GNP values, as indicated by data from some ESCAP 
countries. The strong linkage between energy inputs and 
the growth of the national economies of some ESCAP 
countries between 1970 and 1980 is illustrated in figure 
A.IX.2.

Total primary commercial energy production in the 
ESCAP region increased at an average annual rate of 7.1 per 
cent from 1975 to 1979, excluding Iran. The rate of in
crease eased to 2.4 per cent from 1980 to 1981. Table 
A.IX.l gives the production figures for the region. The 
primary commercial energy consumption in the ESCAP 
developing countries increased at a rate of 7.1 per cent 
between 1975 and 1979 and eased to 1.0  per cent from
1980 to 1981, as shown in table A.IX.2. The commercial 
energy balance for the ESCAP region is given in table 
A.IX.3. The self-sufficiency rate showed a continuous 
reduction from about 108 per cent in 1973 to about 85 
per cent in 1981. Even though the situation faced by 
countries is different from one to another, the energy 
problem has definitely become one of the key constraints 
to economic development in most countries. Energy tech
nology has hence attained vital importance in the countries 
of the ESCAP region.

Efforts have been made to review the technological 
capabilities of ESCAP developing countries in the energy 
sector. A qualitative and somewhat subjective assessment of 
such capabilities of some of these countries is presented in 
table A.IX.4.

1. Energy technologies for industry

The requirements of energy for industry have been 
met almost completely by electricity, coal, oil and gas. 
Most of the industries set up in the developing countries 
during the last two decades are based on technologies 
developed in the industrialized countries. The technologies 
used for the generation of energy are basically of the 
conventional types and even at present no significant 
development of newer and more energy-efficient techno
logies has yet taken place.

(a) Power plants using coal, oil or gas

Only a few developing countries (China, India and the 
Republic of Korea) have the capability to design (to a 
greater or smaller extent), manufacture and supply the 
main equipment for power plants, such as boilers, steam 
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turbines/generators, boiler feedpumps, large motors and 
transformers, controls and instrumentation, pollution 
control equipment, hydro turbines/generators, large diesel 
engines and gas turbines. Preliminary consulting engineering 
expertise exists in many other countries such as Thailand, 
Malaysia, the Philippines, Indonesia, Pakistan and Sri 
Lanka, but total consulting and architectural engineering 
capability is once again limited to China, India and the 
Republic of Korea. Most of the above-mentioned countries 
also have civil engineering capabilities as well as full or 
partial expertise in the erection and construction of plants, 
although the project management expertise is once again 
limited to China, India and the Republic of Korea. All the 
capability has been built up through technology licensing 
and purchase agreements, and continued dependence on 
imported technology is likely for a decade or more.

(b) Nuclear power plants

Nuclear power plants are operating in several coun
tries of this region and several other countries are consider
ing adding them to their power systems. However, of these 
India alone now has a full technological base for fully 
indigenous supply of nuclear power stations of heavy-water 
type. The degree of technological capabilities of the other 
countries is still dependent on import of technology from 
industrialized countries and will continue to be so, for a 
considerable time. Partial competences could, however, be 
built up as a part of technology transfer programmes as 
and when a country decides to include nuclear plants in 
its system. The safety and environmental considerations 
are critical in the whole field of nuclear technology and 
more than adequate lead times for training of technical 
cadres, technology transfer programmes and build up of an 
infrastructural basis should be allowed. A technology 
transfer package of adequate effectiveness will itself require 
very thorough planning and implementation.

In the context of smaller countries of the region, the 
question of unit size of nuclear plants is of considerable 
significance, since the large standardized designs in the 
900-1,200 MW range may not be acceptable to many local 
grids. The experience of India with 235 MW standardized 
heavy-water stations shows that economically viable designs 
are feasible for smaller unit ratings. Similarly, some design 
studies for light-water systems have also been undertaken 
for small power reactor programmes. These studies should 
be pursued further and the techno-economics of each sys
tem studied under local conditions.

Other areas where a great deal of groundwork has to 
be done are the fields of fuel cycle management, waste 
handling and disposal, and safety and emergency condition 
assessment.

(c) Industrial energy equipment

Smaller industrial boilers, diesel engines, motors, 
pumps and electrical equipment are manufactured in many 
of the developing countries in the region. Design capability 
is limited in most countries except China, India and the 
Republic of Korea and, even for these, dependence on 
imported designs is likely to continue for quite a while. 
Many of the equipment items and systems currently in
stalled and manufactured in the region are based on older 
designs which do not meet either efficiency or pollution 
standards required today. Major efforts are needed to 
update the technology by retrofitting existing plants and 
by introducing modern and appropriate designs for new 
plants. Major efforts are required to implement action 
programmes on total energy/co-generation systems, energy 
conservation, pollution control and new and improved 
industrial processes for reducing specific energy consump
tion and toxic effluents. For fuel substitution and the 
expected shift from oil to coal, not enough expertise exists 
in the developing countries of the region.

(d) Management of energy systems

In the energy sector, the changed situation due to 
rising energy prices, new perceptions and acute realization 
of the needs of the growing number of rural poor and the 
need to protect and prevent further damage to the environ
ment require that the hitherto common practice of “power 
planning” be replaced by integrated “energy planning”. 
The basic hierarchy of such a plan is shown in figure 
A.IX.3.

It is further required that close integration of indus
trial and energy planning be achieved in terms of geo
graphic locations and simultaneous implementation in order 
that energy intensities in industrial processes are reduced 
and energy conservation is achieved by close-coupling of 
power-and-process-energy generation and consumption, and 
by good housekeeping. This will require not only common 
engineering and training but also positive steps on the part 
of the Government to amend existing laws and regulations, 
provide fiscal and other incentives and establish criteria 
in project evaluation and clearance procedures to further 
these goals.

It is not technology which is likely to be the bottle
neck in undertaking such an integrated approach to eco
nomic development planning. In fact, established and quite 
familiar technologies are available and can be used. But it 
is the institutional interactions and co-ordination which will 
prove more difficult to organize and manage. However, 
if suitable guidelines are incorporated in the processes of 
project assessment and sanctioning, in the financial and 
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administrative procedures and in the allocation of re
sources, it may be possible to institutionalize most of these 
requirements in a national framework. In addition, suitable 
changes in laws and regulations and in policies on financial 
and fiscal incentives may be important tools for achieving 
these goals. Such dovetailing of sectoral plans in terms of 
energy will, of course, require very thorough and in-depth 
analysis of relevant energy systems and technologies in 
order to choose the most appropriate and cost-effective 
solutions.

Moreover, there are serious gaps in management 
capabilities of power stations, power systems and energy 
supply plants in the region. The load factors of the power 
stations in the developing countries of the region, with the 
notable exception of the Republic of Korea, are achieved in 
most of developed countries. The forced outage rates are 
high, the losses both in plants and in electric transmission 
and distribution systems are way above what they should 
be, combustion and process energy efficiencies are lower 
than desirable and the production of pollutants is more or 
less uncontrolled.

2. Energy technologies for transportation

It can safely be said that oil has become the most 
important energy source for the transportation systems in 
most of the developing countries of this region. Cars, 
trucks, motor-rickshaws and buses using petrol and diesel 
engines have shown rapid growth rates in spite of increased 
prices of petroleum-based fuels in all countries of the 
ESCAP region. The technologies used are imported. 
Automotive diesel and petrol engines are designed and 
manufactured only in a few countries and some of them 
still use highly inefficient engines in some of their cars 
and trucks. Chassis construction and body building are 
locally done in many more countries. In some of the 
ESCAP countries, CNG and LPG are being introduced 
as fuel for cars and buses. The technologies for modifica
tion of existing vehicles are being introduced locally in 
these countries.

Efforts to provide fuel in the form of producer gas 
from biomass are being made in some countries such as 
the Philippines, but this technology has not as yet found 
any large-scale application except in some Pacific countries, 
owing to limits on the rate of commercial penetration of 
fuel distribution systems and equipment.

3. Energy technologies for agriculture

Very significant increases in food production have 
been achieved by increasing the energy inputs into the 
agricultural sector in the past decade in this region.

In the field of agriculture, energy is required mainly 
for (a) Irrigation, (b) agricultural machines, (c) producing 
fertilizers, pesticides and herbicides and (d) post-harvest 
purposes.

The technologies and designs for diesel engines and 
pump sets in most of the cases are neither energy-efficient 
nor cheap as compared with state-of-the-art designs in 
industrialized countries. Not only are the full load efficien
cies of the diesel engines low, but they seldom operate at 
their design ratings. Maintenance of the diesel engines is 
also far from satisfactory. Wrong valve and injection timings 
and nozzle settings lead to excessive fuel consumption.

Similarly, most of the electric motors have no power 
factor correction devices built into them, which combined 
with mismatched ratings and in many cases older designs 
lead to efficiencies that can be substantially reduced.

As far as the pump sets are concerned, the pump 
designs themselves are in most cases heavy and hydraulical
ly not very efficient. In addition, the design of the total 
hydraulic system consisting of values and suction and dis
charge piping is seldom done by experts and the actual 
pumping installations are far from optimized, leading to 
unnecessary losses and additional power consumption.

The combination of these factors with the high line 
losses of the long, low-voltage rural electrification schemes 
has led in most of the countries to very low efficiencies of 
energy utilization in agricultural pumping systems. Both 
the technologies for new systems and mechanisms to 
improve the existing ones need to be examined to ensure 
better cost-effectiveness in the future.

Energy for agricultural machines in required mostly 
for tractors in the developing countries of this region. 
Four-wheeled tractors of various ratings as well as two
wheeled tractors are used depending on local conditions 
(type of soil, type of crop, method of farming etc.). It 
is interesting to note that tractors are used for transporta
tion purposes to a very considerable extent (estimates put 
this at about 30-40 per cent). Technologies for reducing 
fuel consumption by using more efficient engines as well 
as introducing more cost-effective local transportation 
vehicles such as suitably designed three-wheelers or more 
efficient animal carts have to be examined for the future.

The energy requirements for fertilizers have to be 
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examined from two angles. Artificial fertilizers produced 
in this region which use oil and gas must be looked at. 
The technologies in the case of the older plants are not as 
energy-efficient as those which have been built recently. 
Both the older and the newer technologies are imported 
except in some countries where considerable local expertise 
has been established for process and plant design as well as 
equipment design and manufacture. Most of the developing 
countries in the region still follow traditional irrigation 
methods, with consequent high specific rates of consump
tion of water and fertilizers. Recently developed methods 
such as sprinkler and drip irrigation systems can cut down 
water consumption rates and as well as fertilizer feed rates 
for given production levels with considerable ecological 
advantages as a by-product.

4. Energy technolgies for households and rural develop
ment

The problem of energy for cooking and lighting in 
both urban and rural areas is extremely urgent in most of 
the countries of this region. The use of fuel wood as one of 
the major sources of energy for cooking is creating serious 
problems regarding its supply and the preservation of 
ecological balance. More than 500 million people in this 
region are affected by fuel wood shortage today and this 
number could reach 950 million by the year 2000 if the 
problem is not tackle urgently.

The other major sources of energy for cooking are 
animal dung, agricultural residues and kerosene, which is 
also the primary source of energy for lighting in rural areas. 
The burning of animal dung leads to the loss of valuable 
nutrients for the land, leading to increased requirements of 
artificial fertilizers. Electricity as a source of energy for 
cooking is not of any significance to the developing coun
tries of this region.

The technologies which are used for burning these 
fuels for cooking are age-old traditional equipment, mostly 
home-made by the users (except for kerosene). Apart from 
health hazards resulting from smoke and carbon monoxide 
the efficiency of conversion of the primary energy in wood 
or agricultural residues into cooking energy in the pot is 
quite low, values of 5 to 10 per cent being estimated by 
various sources. The efficiency of stoves for burning cow 
dung cake is higher than that for wood and the efficiency 
of conventional kerosene stoves is as high as 35 to 45 per 
cent.

Higher efficiencies are possible in every case by using 
more advanced designs of stoves and by going over to more 
efficient systems such as biogas, charcoal and producer 
gas to be burnt in suitable new designs of stoves, utensils 

and lighting equipment. Many of these technologies have 
been already developed or are in the process of develop
ment, but the problems of their large-scale application still 
have to be solved. Penetration rates will be limited by 
income levels and also the obsolescence/life time of present 
stock.

One of the stated prime motivations for introducing 
rural electrification programmes in the economic develop
ment plans of developing countries is the creation of rural 
employment by the promotion of small- and medium
scale rural industries in order to improve the economic 
conditions of the rural poor.

An analysis of the programmes implemented shows, 
however, that the impact of rural electrification pro
grammes on rural economic development is largely limited 
to the impact created by increased agricultural production 
which results from better irrigation. Substantial impacts 
on additional job creation or increased economic activity 
have not been demonstrated. The technologies which are 
currently utilized in rural areas are still the traditional ones 
and no significant inroads have been made by conventional 
technologies or appropriate technologies for establishing 
either small-scale and agro-based industries, job creation in 
traditional handicrafts or improved housing activities.

5. Conventional non-renewable energy technologies

(a) Oil and natural gas

The oil industry, including major contractors, equip
ment suppliers and process engineering companies, is 
dominated by a limited number of TNCs. Their counter
parts in developing countries are the national, mostly State- 
owned oil companies, exploration and production com
panies and refineries and marketing companies.

The emergence of state oil companies in oil and gas 
producing countries and the several nationalization pro
cesses carried out in some developing countries have re
duced the share of the transnational corporations in world 
production. This decrease in their production activities 
has been partly compensated for by a strengthening of 
their commercial and technological functions. Through 
long-term agreements with the state oil companies (buy 
back oil) and their knowledge and control of the distribu
tion system, transnational oil companies dominate the 
marketing of oil at the world level (except in the socialist 
countries). This domination is furhter increased by their 
managerial ability in trading different types of oil products 
and their own sophisticated refining capacity.

As to technology, although transnational companies 
are heavily involved in and spend considerable resources on 
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research and development, they are not the main techno* 
logy owners. An examination of the markets of the tech
nology for exploration, production and refining reveals that 
independent companies - some of them operating at the 
international level — are the owners of the technology. 
These companies are engineering firms, equipment manu
facturers or simply technological firms or research institutes 
acting as licensers. Transnational oil companies have com
parative advantages in some technologies, such as secondary 
or tertiary recovery, but their main asset seems to be the 
co-ordinating function. In the case of exploration, this co
ordinating role is further strengthened by the accumulated 
experience and data banks of the transnational oil com
panies.

When the international market for oil and gas techno
logy is broken down into various submarkets, a high degree 
of supplier concentration is observed in markets for certain 
critical elements of technology. Entry into these markets 
is generally difficult because of the economies of scale, 
the reputation of existing companies and their technologi
cal advantages. In other oil technology markets, entry is 
easier and equipment is available from competitive sources. 
However, access to technology owners is in many cases 
not direct because transnational oil companies act as co
ordinators of the different oil contractors and oil equip
ment supplies.

In view of the scarcity of oil in the long run and of 
the need for developing countries to control and manage 
the development of the petroleum sector, it is essential for 
these countries to acquire the various skills and know-how 
needed for petroleum operations, such as managerial 
expertise and technical ability to take decisions at critical 
stages of exploration and development, procurement know
how and operational skills in maintenance and oilfield 
operations. Even in those developing countries that will 
have to continue to rely on international oil companies 
for petroleum exploration, because of their lack of financial 
and technological resources, a start must be made on build
ing up a basic knowledge of the technology involved in the 
planning and management of petroleum exploration as well 
as of the ability to negotiate favourable terms in their 
contracts with the companies.

(b) Coal and coal mining

The international coal market is less concentrated 
and less vertically integrated than the market for oil and 
gas. While transnational oil companies have made sub
stantial inroads into the ownership of coal mines and 
marketing of coal, three countries in the ESCAP region 
(India, China and Australia) have built up a substantial 
technological base in the fields of exploration, mining 

techniques, mining equipment and transportation, handling 
and preparation of coal.

Similarly, while coal combustion technology and 
boiler engineering are dominated by a limited number of 
companies in the developed countries, capabilities to manu
facture and supply coal-fired boilers have been established 
by technology transfer agreements in China, India and the 
Republic of Korea. India has, in addition, also built up 
substantial expertise in the design of boilers and boiler 
house auxiliaries, especially for bad qualities of coal.

Most of the coal-fired boilers imported in the ESCAP 
countries in the recent years have, however, been procured 
from industrialized countries including Japan. Local ex
pertise to operate and maintain these boilers has been built 
up, but systems design, plant engineering and consultancy 
expertise is limited to a few organizations in the region, 
most of them located in China, India and the Republic of 
Korea.

Fluidized bed technology has been indigenously 
developed in India and some imported designs from devel
oped countries are under construction in the Philippines.

6. New and renewable sources of energy

Unfortunately, the high hopes for large-scale intro
duction of new technologies to exploit local renewable 
energy resources have recently been dampended owing 
to a variety of reasons, the major ones being non-techno- 
logical. A United Nations Administrative Committee on 
Co-ordination task force on long-term development objec
tives (November 1982) made the following comments in 
this regards:

... A renewable energy future is technically and eco
nomically feasible in the long run (beyond the year 
2000) if it incorporates cost-effective energy effi
ciency improvements, advanced storage and trans
mission technologies and reliance on the widest 
possible mix of such resources. There is significant 
scope for solar thermal applications in residential, 
commercial and certain industrial applications. A 
combination of wind, photovoltaics and solar-thermal 
electrical systems together with hydropower and 
large-scale energy storage devices could ensure level
ling of electrical system loads. Further, the produc
tion of fuels from biomass is closely integrated with 
agricultural and forestry processes . . .

. . . The group felt that local demonstration was the 
key to success in this area and international efforts 
must facilitate pre-invest ment activities. A premature 
abandoning of research and development activities 
would delay the launching of critical projects that 
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woule demonstrate the economic feasibility and 
competitive commercial potential of several renew
able energy sources and technologies. The challenging 
task facing governments was how best to maintain 
the momentum gained at the Conference on New 
and Renewable Sources of Energy (Nairobi, August 
1981) and how best to safeguard the longer-term 
interests of the world energy economy from being 
submerged by termporary, shorter-run market devel
opments ...

An assessment of new technologies which are of 
relevance to various types of applications in this region 
shows a situation which is summarized in table A.IX.5.

It should be kept in mind that even when a new 
technology has been identified as “commercial”, this does 
not necessarily mean that the designs are suitable for local 
manufacture or that the costs have been brought down to 
affordable levels or that the systems are suitable for use 
in rural areas from the points of view of operation and 
maintenance. In fact, the entire mechanism for transfer 
of technology either from organizations outside the coun
try or from laboratories within it has to be very different 
from present practices in order that large-scale dissemina
tion through small- and medium-scale industries can take 
place for rural customers. An assessment of the constraints 
has been made in an UNCTAD study which examined the 
factors that influence the demand for renewable energy 
technologies. The following is a brief summary of these 
points pertinent to the situation in the ESCAP region:

(a) A number of technical, distributional, cultural, 
environmental and structural factors that affect patterns 
of demand for energy and energy conversion devices must 
be taken into account;

(b) Demand for technologies relating to new and 
renewable sources of energy is constrained if, at the present 
stage of market development, they have to face competi
tion from conventional energy resources. In this context, 
it should be noted that many development projects that are 
not in the energy sector may be strong competitors for 
investment in the future. In the energy sector itself, the 
economic case for investing in conventional energy is 
usually strongly presented. The fact is that supplies of 
organizational, managerial and technical expertise are 
channelled to the conventional energy sector, and this 
acts as a constraint to the creation of conditions for the 
demand for such technologies to develop;

(c) Developing countries themselves (or at least a 
large number of them) are apparently unable to devote 
resources to development projects in the new and renew
able sources of energy technologies area at anything like 

the levels implied by the huge sums mentioned by recent 
UNCTAD or UNDP/World Bank projections;

(d) In the rural sector, low income and purchasing 
power prevent the rural poor from converting their need 
for energy (and other basic needs) into effective demand in 
the sense of market-place demand ;

(e) With the exception of a few countries, there is 
a lack of policies aimed at providing incentives and sub
sidies for new and renewable sources of energy technologies 
which are essential to the creation of the requisite demand 
for commercial activity;

(f) The dependence of the rural populations on 
traditional, non-monetized sources of fuel (firewood, agri
cultural residues, animal waste etc.) is a fact that could 
affect the potential for the market penetration of new and 
renewable sources of energy technologies and restrict the 
types that could be introduced;  

(g) The analysis of demand factors is complicated 
by the fact that the successful introduction of new and 
renewable sources of energy technologies in rural areas is 
contingent on a number of premises. The dynamics of the 
rural situation need to be understood so that in broad terms 
at least the system-level implications of technical interven
tions can be assessed:

(i) Local specificity of users’ needs;

(ii) Demand for new and renewable sources 
of energy technologies strongly in
fluenced by cultural values and tradi
tional practices;

(iii) The local availability of different sorts 
of skills in maintenance and fabrication;

(iv) In many cases, the absence of an ade
quate local infrastructure as a major 
constraint on the diffusion of new and 
renewable sources of energy technologies.

From the foregoing it should be clear that a great deal 
of regional capability has been developed in the energy field 
over the last two to three decades. However, the develop
ment is very uneven, country capabilities vary very greatly 
and, within those countries which have made the most 
progress, there are areas of significant shortcomings and 
gaps.

E. Regional overview of environmental aspects 
of technology

Environmental problems are no longer confined to 
the developed countries. In recent times the developing 
world has been experiencing rapid population growth, in
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creasing urbanization and technological development, 
which have led to environmental degradation.

Environmental problems differ not only in their 
dimensions but also in the amount of time they take to 
become visible. The burning of fossil fuels will gradually 
affect the carbon dioxide balance of the atmosphere, but 
the effect of persistent pesticides is easily seen. Another 
variable relating to timing is the degree of certainty: the 
greater the time-span for the cause-effect relationship, the 
greater is the degree of uncertainty of its manifestation. 
Two other variables are magnitude and reversibility. How
ever, magnitude cannot be easily compared because effects 
are of different types, occur in different habitats and in
fluence different aspects of life systems. By reversibility 
is meant the chances of returning the system to its initial 
state. A lake in an advanced state of eutrophication is 
virtually irreversible. The dimensions of time, certainty, 
magnitude and reversibility combine to produce the dimen
sion of urgency.

Some of the major environmental problems and 
issues which are causing increasing concern in the ESCAP 
region are as follows:

(a) Degradation of the terrestial ecosystem:

(i) Soil erosion due to various reasons (over
cropping, overgrazing, shifting cultiva
tion, water and wind effects, clearance 
due to agricultural and urban/industrial 
development etc.);

(ii) Deforestation;

(iii) Desertification (including reduction of 
soil productivity and due to droughts, 
waterlogging and salinity etc.);

(iv) Extinction of plant and animal species;

(b) Degradation of the marine environment and 
related ecosystems:

(i) Coastal sedimentation;
(ii) Coastal pollution (due to tourism devel

opment, industrial development and agri
cultural runoff etc.);

(iii) Oil spills;
(iv) Mangrove destruction;
(v) Coral degradation;

(c) Environmental health:

(i) Basic water supply and sanitation;
(ii) Waterborne diseases;

(iii) Malnutrition;

(d) Environmental pollution:
(i) Water pollution from domestic, industrial 

and agricultural (agro-chemicals) sources;
(ii) Air and noise pollution in major cities 

due to mobile sources;
(iii) Solid wastes and human excreta disposal 

in urban areas.

Some of the environmental issues of the region have 
been briefly examined and the extent to which they have 
manifested themselves in the various countries of this 
region is shown in annex X.

Environmental technology is an integral component 
of technology for development. It is essential in transform
ing technology for production into technology for sustain
able development. In a broader sense, environmental tech
nology can be classified in several groups as follows:

1. Pollution control technologies

Pollution control technology is no longer in its in
fancy. Extensive research and development has resulted in 
the development of several control technologies in the field 
of water, air, noise, solid waste pollution etc.

However, a rational technological approach to pollu
tion control in developing countries must take advantage of 
all the management possibilities which can be economically 
justified. The combination of technological control meas
ures resulting in the least-cost solution will theoretically 
provide the best pollution control system.

A vast array of air pollution control technology is 
available for handling particulates/dust, sulphur dioxide, 
nitrogen oxides and hydrocarbon emissions. A brief list of 
the available technology is given in table A.X.5.

The final choice in the adoption of a particular con
trol technology would be specific to the situation. A list 
of the available technologies to control water pollution is 
given in tables A.X.3 and A.X.4. The unit processes marked 
with an asterisk in this table are considered most suitable 
for use in developing countries, either owing to prevailing 
climatic and labour conditions or because they utilize little 
or no imported equipment or both.

The control technologies outlined below could be 
examined for noise control:

(a) Selection of quiet processes and regular mainte
nance;

(b) Enclosures, barriers and cladding;
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(c) Silencers, mufflers and attenuators;

(d) Vibration control (i.e., use of inertia blocks 
and isolators etc.);

(e) Absorption and insulation.

Emphasis should be laid on recovery and recycling 
of solid waste. The disposal technologies commonly used 
are:

(a) Sanitary landfill ;

(b) Composting;
(c) Anaerobic digestion;
(d) Incineration;

(e) Pyrolysis.

2. Non-waste technology

One of the most promising approaches today for 
environment control and management is the development 
of non-waste technologies, which implies the practical 
application of knowledge, methods and means so as to 
ensure the most rational use of natural resources and 
energy to provide for the needs of man and to protect the 
environment. It thus achieves the utopian goal of reduced 
environmental degradation and increased conservation of 
natural resources simultaneously.

The following factors could induce a climate for en
couraging the implementation of non-waste technologies:

(a) Direct Government intervention:

(i) By prohibiting the manufacture and/or 
use of specific products;

(ii) Regulations for limiting pollution emis
sions;

(iii) Usage regulations governing the quality 
and quantity of materials to be used for 
specific products, in particular regula
tions for use of secondary raw materials, 
i.e., regulation for the use of waste in 
paper making;

(iv) Production regulations by which certain 
production processes can be prohibited 
or made mandatory;

(b) Indirect government intervention :
(i) Environment taxes/charges levied on 

pollutants discharged into the air, water 
or soil ;

(ii) Subsidies to encourage the application 
of non-waste technologies which prevent 

environmental pollution and/or result in 
a saving of raw materials and energy.

The recovery of hydrochloric acid from the pickling 
process, the production of ammonium sulphate and sul
phuric acid from phosphoric acid waste, the production of 
paper and cardboard without environmental pollution, 
flare gas recovery, the generation of energy by burning 
wastes and energy recovery from cracking plants are exam
ples of a few of the many established non-waste technolo
gies currently available.

A noteworthy example is the palm oil industry, 
which is usually known as a polluter but, is a recycler of 
several wastes and in fact is self-reliant through the utili
zation of its residue for its energy needs. The same can be 
applied to the sugar industry, where bagasse is normally 
fed back as fuel for boiler heating or served as raw material 
to paper mills, while another by-product, mollasses, is sold 
to breweries or distilleries for producing alcohol and its 
by-products, in turn, are utilized as animal feed.

3. Technology for environmental health and sanitation

It has been realized that the supply of both clean 
water and adequate sanitation facilities is a must in promot
ing environmental health. The methodology of selecting the 
appropriate technology should be based on a combination 
of economic, technical and social criteria. This essentially 
reduces to the question: which is the cheapest, technically 
feasible technology which the user can afford and main
tain, and prefer to cheaper alternatives, and which local 
authorities are institutionally capable of operating it.

Urban water supply systems rely mostly on surface
water sources which are routed through conventional 
coagulation, clarification, rapid gravity filtration and 
chlorination treatment plants. The selection of rural 
water supply follows the rational of low-cost approach. 
Ground water from perennial springs, wells or boreholes 
is by far the most practicable choice. Withdrawal of ground 
water by low-cost tubewells (mostly shallow tubewells 
and bamboo tubewells using handpumps) has been the 
most common technology applied in developing countries 
of the ESCAP region.

In cases where surface water has perforce to be used, 
pre-treatment with a horizontal flow coarse media filter 
followed by slow sand filtration ensures compliance with 
both physical and bacteriological quality.

The sanitation technologies available can be broadly 
classified into five types of household systems and four 
community systems. The household sanitation technolo
gies comprise pit latrines, pour-flush toilets, composting
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toilets, aquaprivives and septic tanks. The community 
sanitation technologies in use are bucket latrines, vault 
toilets with vacuum-cart collection, communal facilities 
and sewage systems.

Some of the water supply and sanitation systems 
commonly in use in the ESCAP region, and their associat
ed pollution/health problems and mitigation measures, are 
listed in tables A.X.6 and A.X.7.

4. Desertification control technologies

Desertification is defined as a man-made or natural 
process which reduces the productivity of land and in
creases social distress. The importance of desertification 
control technologies, which aim at increasing the produc
tivity of degraded land, can thus be recognized in a region 
with overpopulation and undernourishment and which 
desperately needs sustained agricultural development.

In the ESCAP region, several types of desertification 
problems and issues are encountered, which can be classi
fied as follows:

(a) Aridity and semi-aridity (e.g., Australia and 
parts of India and Pakistan);

(b) Deforestation (e.g., Nepal, Indonesia, Malaysia 
and Thailand);

(c) Shifting cultivation and overcropping (e.g., 
Bangladesh, Sri Lanka, and India);

(d) Waterlogging and salinity (e.g., Pakistan and 
Afghanistan);

(e) Hydrological quandary in the river valleys 
(e.g., Bangladesh).

Some of the major impacts of the application and 
use of technology in the selected sectors and in energy are 
presented in tables A.X. II to A.X.14.
F. Regional overview of social aspects 

of technology
It is clear from existing studies that the rapid intro

duction of new technology causes extensive change 
throughout society. It is too soon, however, to offer 
coherent conclusions about the overall consequences of 
technological change relating to the goals of development. 
Most existing studies focus narrowly on specific innovations 
in limited areas, at a rather early stage in their implementa
tion. Much more research is necessary, research directed to 
examination of the effects of more complex ranges of 
technologies, at several levels — local, national, subregional 
and regional - and over longer time periods in order to 

come to accurate conclusions about the social consequences 
of the introduction of new technologies.

The range of issues can be illustrated by two brief 
examples. First, in Java the introduction of mechanical 
rice hullers, justified partly by the need to process in
creased production, quickly eliminated 125 million woman
days of labour per annum, in a labour-surplus situation. 
Second, in Singapore young women have been incorporated 
at a rapid rate at the simplest technological level in new 
industries. While their wages are relatively high compared 
with other South-East Asian countries, they are generally 
subordinated to male supervision. They have limited mobi
lity, and they are subject to a variety of work-related health 
and social problems for which their employers are in no 
way held responsible.

While research is so far inadequate to reach broad 
conclusions about the social impact of technology in the 
region, enough has been learned to make it clear that new 
technology results in two major kinds of changes in all 
societies. First, the costs and benefits of technology fall 
unequally on different groups. In this, new technology not 
only reinforces existing inequalities but new inequalities 
are created. Second, technological change necessarily alters 
significantly existing social and political relationships and 
cultural processes. New interest groups come into existence 
side-by-side with old ones and their interests are not easily 
reconciled. It is these twin related aspects of equity and 
social change that need to be addressed by policy makers 
and researchers alike because their social consequences 
are evidently of great significance in hindering or forward
ing broader development objectives. Some empirical 
evidence available within the region is used to illustrate the 
reinforcement of existing inequalities and the creation of 
new inequalities which occur through the introduction of 
new technologies.

1. Reinforcement of existing inequalities

(a) Irrigation

Older irrigation systems throughout South and South- 
East Asia generally favour existing local elites. The control 
of water distribution favours them with more water, more 
reliably delivered. When high-yielding varieties are intro
duced the large productivity increases made possible can 
intensify the existing maldistribution of resources and in
come. For example, locally powerful people tend to be 
found nearer water sources; so they have the first chance 
at diversion for their own ends. This is possible because 
existing regulations are usually poorly enforced. Results 
include the use of water as a substitute for manual weeding 
and land levelling, and so a reduction in employment. Less 
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water is left for the use of downstream farmers and so 
neither their employment nor their productivity potential 
is realized. In South-East Asia the efficiency of water use 
varies by a factor of four: the most efficient systems use 
one quarter as much water per crop as the least efficient. 
Overall, more water is used than necessary- to increase 
productivity and at lower than optimum labour intensities.

(b) Transport

An example of the reinforcement of existing inequa
lities within a local area can be drawn from transport de
velopment. The wide introduction of passenger motor 
vehicles in South-East Asia and some Pacific countries has 
meant that existing local entrepreneurs with sufficient 
capital can engage in this new activity and capture for 
themselves this new income potential. Given the circums
tances of a growing need for personal and market transport 
for which motorized technology has become widely availa
ble, the effect has been generally to increase the incomes of 
those entrepreneurs rapidly. The benefits lie in improved 
access to market and reduction of the isolation of village 
communities. The social costs lie in the reinforcement of 
local inequalities of income.

(c) Household fuel

Deforestation rates are at critical levels throughout 
the region. A variety of policies have been enacted in 
response to the problem. One common component of such 
policies is to discourage the use of wood for household 
energy requirements. Kerosene is subsidized for this pur
pose in Indonesia, and in India legislation was proposed 
which places large areas of forest in total reserve. To the 
extent that these policies are successful, the poor are disad
vantaged. They must either compete for limited legal wood 
fuel, usually to be obtained only at increasing distances 
from their homes, spend large portions of their small cash 
incomes on other fuels or break the law.

2. Creation of new inequalities 
a

(a) New bureaucracies

The way technological innovations are managed or 
administered often leads to the creation of new inequalities 
in society through the establishment of greatly expanded 
or new bureaucracies. The introduction of new technology 
in many countries of the region is highly administrative 
in nature, with the creation of bureaucracies at both the 
national and the local levels. These bureaucracies are given 
crucial roles in policy formulation and implementation. 
At the national level they create new bureaucratic group
ings, and at the local level they largely determine which 
groups benefit and which do not.

At the national level, these bureaucracies provide new 
power and new employment for those with easier access to 
education and those whose background has exposed them 
to some technological knowledge. At the village level, 
bureaucracies have provided new opportunities and 
strengthened in new ways the economic and political 
positions of rural elites. Officialdom becomes an external 
source of economic and political support, and this allows 
rural elites to free themselves very rapidly from traditional 
village networks and obligations. The relationship between 
new bureaucrats and old elites makes possible the forma
tion of new groups of exploit new technology.

There have been a number of studies done in Central 
Java showing how large farmers and landlords using high- 
yielding varieties of rice, with bureaucratically supported 
access to inputs, have begun to limit the number of la
bourers or to reduce the wages given to them. There is 
evidence that new social stratification is emerging.

(b) Differential access to new knowledge

Technological change brings with it the introduction 
of new knowledge regarding techniques of production and 
cultivation. Although women play an important role in 
agricultural production, extension technicians and instruc
tors seldom approach the woman in the matter of labour 
productivity, but nearly always her husband, brother or 
other male relative. This is so because of the deeply rooted 
nature of economic and social attitudes concerning women. 
Consequently, the gap between the labour productivity of 
men and women as the result of differential access to new 
knowledge widens. The inevitable result is that women are 
hindered from participating in highly productive areas 
which are often supported by systematic research and other 
government investment.

The differential access to new knowledge has the 
unavoidable effect of enhancing the prestige of men and 
lowering the status of women since it is the men who do 
the modern, high-status jobs. It also reinforces the lower 
incomes of women. There is a cumulative process at work 
here as young men are usually the ones who have been to 
modern schools and had some exposure to the scientific 
approach, while young women in rural communities are 
usually the ones who drop out of formal education and 
are subject then mainly to the conservative influences of 
oral tradition and superstition.

(c) Natural resource development

Mining developments using new technologies may 
have the outcome of creating new inequalities in both 
economic and social terms. The example of the introduc
tion of the Bougainville Gold and Copper Mine in Papua
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New Guinea in the early 1970s illustrates several common 
features of such projects: the creation of new inequalities 
at the local level, i.e., villagers affected by the mine site; 
creation of new inequalities more broadly within the local 
region; and the creation of centre-region inequalities.

(d) Industry

The introduction of capital-intensive technology 
reinforces an uneven pattern of development. This can be 
seen in the rural-urban example of Thailand, and a more 
specific Indian case. Capital-intensive industrialization in
tensifies existing demand structures and concentrates 
benefits in metropolitan areas, thus furthering existing 
inequalities.

In Thailand, the growth of gross product in Bang
kok increased from an 8 per cent annual rate in 1960-1976 
to 9.4 per cent in 1975-1978. In the north-east of Thailand 
the growth rate decreased from 6.5 per cent in 1960-1976 
to 4.2 per cent in 1975-1978. Ten per cent of Thailand’s 
population lives in Bangkok, one third in the north-east. 
More than 80 per cent of manufacturing value is now con
centrated in Bangkok, but only 6 per cent in the north
east. Rural-urban inequality is high. The income ratio 
between the north-east of Thailand and Bangkok is now 
1:7 whereas in 1968-1969 it was 1:4.74.

A particular industry example from India shows 
strong effects on women workers. High-production textile 
looms have displaced older, slower, hand-operated looms. 
The original intent of the high-production looms was to 
serve export markets. This was not successful, though, and 
the product of these looms entered the internal textile 
market. About 1,250,000 women workers have been dis
placed, with little in the way of alternative employment 
available to them.

3. Effects on social and political structures and cultural life

Any technology can function only within a set of 
human relationships. To a significant extent these rela
tionships are chosen, if only by failing to make overt policy 
choices. Once chosen, technological relationships constrain 
social and political processes and exert influence upon the 
evolution and expression of cultural life.

(a) Export processing zones and the creation of new in
terest groups

One of the main intents of establishing export proces
sing zones is to promote international trade and attract 
foreign investment. One element of attraction is the de
velopment of a favourable climate, e.g., through stabilized 

wages, provision of infrastructure and freedom from taxa
tion. Inevitably, local producers and suppliers become 
themselves dependent upon the maintenance of these con
ditions as they become linked with foreign enterprise. To 
the extent that the conditions for foreign companies must 
be held stable in order to keep them in the country, flexible 
political responses are constrained, a compromise of the 
political system’s need to respond to what is happening in 
a country as a whole. Various local interest groups linked 
to TNCs will reflect this constraint as a more or less 
coherent pressure group; a group of local citizens will in 
effect display loyalty to foreign interests. 

(b) The breakdown of the traditional power base

Throughout South-East Asia, before the introduc
tion of high-yielding varieties, the status and prestige of 
rural elites was tied to the village structure, based on the 
fulfilment of their obligations, as patrons of the poor, as 
much as on their control over village resources. With the 
spread of technology related to high-yielding varieties, 
elite status is relatively “freed” from village structure, but 
at the cost of a new dependence on external alliances 
within enlarged markets for agricultural production. New 
kinds of profit motivation, combined with the creation of 
external sources of power, have led to the breakdown of 
traditional rural relationships and organizational structures. 
New ways of constructively developing local relationships 
need to be found.

An example of the consequences can be seen in at
tempts to introduce primary health care to villages. In one 
case, land, the produce of which was formerly reserved for 
the poor, has become a source of support for a primary 
health care programme controlled by the village chief. 
Health care, formerly an autonomous, albeit perhaps inade
quate cultural process, is now rather inflexibly linked to a 
production process, effectively under the control of land
owners. In effects, the poor have lost control of a part of 
their meagre resources and in the process have imposed 
upon them a new dependence. What was originally to be 
participative health care has become an elite dispensation.

(c) Undermining old cultural systems

When introducing new technologies, it is important 
that great care be taken to ascertain beforehand that these 
will not conflict impossibly with local customs, lest they do 
more harm than good. While it is true that, in the long run, 
customs will change, it will be quicker and more efficient 
to adapt the technology to people than people to technolo
gy. Organization can often be the key to the adaptation of 
technology to people. In the Pacific and parts of South- 
East Asia, kinship determines the distribution of produc

70



tion. An extended family is a unit of production, and speci
fic responsibilities within the unit can be quite detailed and 
strongly binding. Generally, when people are bound 
together in this way, individual incentives are relatively 
weak and decision making is rather inflexible because a 
consensus is arrived at only with difficulty.

These relationships very nearly destroyed a small
holders’ co-operative cocoa processing organization in Pa
pua New Guinea. It was observed that growers preferred to 
deal with middlemen although they received lower prices 
from them and that a combination of population pressure 
and a new cash crop conflicted with traditional rules for 
sharing income. The growers’ own sons were being deprived 
because of obligations to sisters' sons. The rules of the or
ganization were changed so that growers’ sons acquired a 
stronger right to their fathers' incomes and the preference 
for middle-men disappeared.

(d) New technology and effects on rural-urban linkages

The location of electronics industries in the export 
processing zone of Penang (Bayan Lepas) offers new oc
cupational opportunities, new possibilities of mobility and 
better access for young women workers, the bulk of whom 
are migrants from the rural areas. However, it has been 
reported that the wages offered by these jobs do not even 
make possible self-support, to say nothing of provision for 
the future. Wages are insufficient to cover living costs and 
expenses during times of sickness or pregnancy. These 
rural women reduce their individual expenditures by living 
together, often in overcrowded conditions in dormitories 
or rented rooms. While they are based in the urban area, 
they receive subsidies in the form of goods and help from 
relatives in the rural area.

An examination of the social consequences of new 
technology, as in the above examples, reveals a mixed set 
of benefits and costs. Generally, welfare levels have in
creased; there have been improvements in literacy levels and 
average life spans are greater. At the same time, there re
main extremely large numbers of the absolutely deprived. 
The foregoing examples demonstrate the complexity and 
unpredictability of technological change processes. It 
must be accepted that some inequities will be intensified 
or introduced. There is a need to control the magnitude 
of these inequities and their rate of development and to 
help those most seriously affected. New technologies 
cause important political, social and cultural changes, 
which are difficult and, in some cases impossible, to anti
cipate. It is necessary then to be in a position to direct 
inevitable changes in a direction consistent with the goals 
of development. From a long-range point of view, no 
indigenous technology development or adaptation of 
imported technologies can occur without the creation 
and propagation of an environment and climate among 
the people to promote technology. This broadening of 
attitudes and understanding should pervade all segments of 
society and not merely be the special province of scientists 
and engineers. It requires the crucially intensive participa
tion of the housewife, the farmer, the craftsman, the bu
sinessman and the scholar. Adequate attention should be 
paid not merely to major technological advances, but to 
there being a vast number of small advances made by 
people in every segment of society. There is a historical 
tradition of abundant creativity in Asia, which has demons
trated that ordinary as well as extraordinary achievements 
and successes are possible in the region given a commit
ment to the creation of the right social environment and a 
climate of promotion and growth of technology.
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IV. KEY ISSUES AND PROBLEMS

The analysis presented in the previous two chapters 
and several other studies conducted by various United 
Nations agencies and research institutions in the world have 
led to the identification of a number of issues and problems 
in the complex objective of technology development and its 
use in the improvement of the quality of life in the develop
ing countries. This chapter attempts to present only the key 
issues and problems faced by ESCAP developing countries.

A. Lessons Learned

1. Opportunities and constraints for late starters

The development process normally refers to a gamut 
of changes by which any society moves ahead from a con
dition of life widely perceived as unsatisfactory to an alter
native which is considered to be better. Conceptually, this 
appears very simple; yet a universally acceptable methodo
logy for measuring the actual state of development of a 
country has yet to be devised. There are many indicators 
which are widely used to measure development. Most 
prominent of these indicators is the “per capita income”. 
Annex V contains a table giving the GNP per capita of various 
ESCAP developing countries and the major developed 
countries. The per capita GNP of 17 OECD countries is 
$10,500 while that of 17 ESCAP developing countries is 
only $700 (current prices). Judging from this and other 
social and economic criteria, the ESCAP developing coun
tries appear to remain at a less than satisfactory stage of 
overall development, with poverty still being the major 
problem. However, from the viewpoint of potential applica
tion of technology for development, the situation is promi
sing. In spite of the constraints faced by the developing 
countries of the ESCAP region they have many opportuni
ties. Some of these are:

(a) They do not have to reinvent the wheel. Many 
useful technologies are available for purchase which make it 
possible to compress the time needed for development;

(b) Some of the emerging technologies (such as 
computers, biotechnology and genetic engineering), which 
require greater proportions of knowledge inputs, may be 
advanced more rapidly through the relatively less costly 
academic and technical manpower in developing countries, 
thereby enabling them to catch up with the developed 
world;

(c) In the absence of widespread older technologies, 
it is possible for developing countries to leap-frog a few 
successive stages of the technological substitution process 

and apply the latest technologies for higher productivity. 
For instance, a developing country can use fibre-optic 
cables or even move to direct satellite communication 
without resistence from conventional telecommunications 
networks, which are non-existent;

(d) Developing countries are in a position to learn 
from the mistakes of the developed countries and avoid 
production as well as application of high energy-consuming 
and waste-generating technologies.

A brief list of the principal opportunities and con
straints for the late starters is presented in table IV. 1. The 
foremost responsibility of the leadership in the developing 
countries of the ESCAP region is to harness the potentials 
that are available without delay. The appropriate action 
plans are no doubt determined by individual countries. But 
before these action plans are established, it may be worth 
while to note the following lessons learned: (a) the need to 
consider the issue of technology content in international 
trade; (b) the need to foster future orientation in the deci- 
sion-making process; (c) the adoption of a practical strategy 
for R and D investment; and (iv) the desirable framework 
for governmental intervention.

2. Need for technology exchange

Technology, as already defined, comprises hardware 
and software. The hardware has been further grouped into 
end-use type and production-tool type. The market situa
tion is quite different for these various types of technolo
gies.

The end-use technologies are generally available in the 
international market. The price is determined on the basis 
of supply and demand. During the introductory phase of 
the technology life cycle, it is mostly a sellers’ market. It 
eventually it becomes a buyers’market in the maturity phase 
of the life cycle. Therefore, except for the élite minority, 
the majority of people and enterprises in the developing 
countries cannot buy the end-use technologies until they 
are in the maturity phase. But the maturity phase marks the 
beginning of the technological substitution process.

For the production-tool technologies the market 
situation is very complex. These technologies provide the 
competitive edge and satisfy higher-order goals such as 
increasing productivity, self-reliance and technological 
independence. It is therefore obvious that during the intro
duction phase these technologies will be closely held by the 
innovating firms. Some of these technologies may be
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Table IV. 1 Advantages and disadvantages for late starters

Factors Advantages Disadvantages

Technological aspects * Many useful technologies availa
ble for purchase
— No need to reinvent
- Reduction of time and risk

* Provides opportunities for “leap
frogging” by applying latest tech
nologies
— Micro-electronics
- Biotechnology
— Genetic engineering

* Available technologies becoming 
very sophisticated and therefore 
difficult to adapt and improve 
- Increasing dependence

♦ It is very expensive to obtain 
information on available techno
logies from the developed coun
tries

* Exponential change process 
makes it difficult to catch up

Economic aspects * Less dependence on energy 
consuming and waste 
generating technologies

* Imperfect technology market 
situation.

* Inequitable distribution of 
resources.

* Population base too large com
pared with stage of development

Environmental aspects * Can learn from the mistakes of 
early developers

* Can develop nature-
sustainable technologies

* Have to suffer from the environ
mental problems created by early 
developers

♦ Have to work within the existing 
financial system

Socio-cultural aspects * Improved communication techno
logy can accelerate the rate of 
change
- Satellite technology
- Mass media

* Need for revolutionary change, 
causing cultural shock and dis
ruption

Political aspects * Enormous opportunity for strong 
leadership measures

* Tremendous pressure to follow 
the models of now developed 
countries

* Compelling demonstration effects
* Need for time compression

available in the market during the growth and maturity 
phase of the life cycle (most common is the latter). For 
those which are available in the market, the situation varies 
depending on whether they are hardware-intensive or 
software-intensive.

The hardware-intensive production-tool technologies 
(such as complete manufacturing or processing factories) 
are made available to developing countries under various 
pricing schemes of “proprietary technology” during the 
maturity phase of the products produced by these techno
logies. This is because at that point it is no more economical 
to keep the production unit in a high-cost developed 
economy (as shown in chapter II. A). In addition to out
right sale, the pricing mechanism often takes the form of 
licensing fees or royalties related to the output stream 
produced by the technology.

For the software-type productive technologies, the 
market situation is extremely complicated. On the one 
hand, there are non-proprietary technologies (i.e., techno
logies in the public realm), which can be obtained at very 
nominal cost from the academic community of the develop
ed countries. On the other hand, many large corporations 
of the developed countries are selling (for a lump sum or a 
royalty) software type productive technologies for various 
reasons such as (a) to recover the ever-increasing costs and 
risks of R and D in basic research, they offer for sale 
technologies with no immeditate relevance; (b) they have 
developed technologies which do not fit their businesses; 
(c) they are afraid that patents are unable to prevent com
petitive entry; (d) if they do not sell, their competitor may 
sell; (e) they have financial difficulties in exploiting, the 
technology fully; (f) they may be restricted in direct invol
vement owing to anti-trust legislation; and (g) they may 
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want to capture all the world markets. Information regarding 
these types of technologies are not available in the open 
market. If enough effort is devoted to the location of these 
technologies, the potential for development of future tech
nologies in developing countries can be considerably 
enhanced.

On the basis of the technology market situation and 
the potentials of international trade described above, one 
can look into the status of the technology content of 
international trade as an important issue for the furture of 
both developing and developed countries. Table IV. 2 
presents the technology balance-of payments situation for a 
few developed countries. This table gives the difference 
between what a country pays for using foreign patents and 
what it receives for its own patents used abroad. As the 
royalty payments increase with the volume of production, 
for many countries the technology balance-of-payments 
situation turns out to be negative even though they have 
surplus vis-a-vis total trade of the country (a good example 
is Japan). This is because in international trade the techno
logy content of manufactured goods traded is not properly 
considered. As was explained in chapters I and II, in the 
production of goods, various amounts of technology content 
are added at various stages of the transformation process. 
Therefore, using a similar framework for analysis of the 
international flow of technology (presented in chapter II. A), 

the technology content situation in the international trade 
of various ESCAP countries can be expressed as shown in 
figure IV. 1.

Developing countries are net importers of technology. 
By gradual assimilation of the imported technologies, they 
start producing some indigenous technologies (mostly 
enhancing imported and local traditional technologies). 
However, in order to pay for the imported technologies, the 
developing countries initially start exporting low-technology 
products and then, with the advancement in local technolo
gical capabilities, move into a better position of technology 
exchange.

3. Fostering future orientation

Even when resources are very scarce and immediate 
problems are of crisis proportions, some involvement in 
future-oriented activities is desirable for the eventual achieve
ment of a better technology exchange situation in interna
tional trade. This is especially true for small and the least 
developed countries. Looking ahead seldom appeals to 
agencies involved in crisis management.

It needs to be emphasized that the ability to solve the 
immediate problems is of little use unless further streng
thened by a capacity to adapt to future needs in a rapidly 
changing world.

Table IV. 2 Technology balance of payments; comparison of various countries, 
1972,1976 and 1980

Country
Export a 

(millions of SDRs)
Imports3 

(millions of SDRs)
Balance of trade in 

technology
Ratio of exports to 

imports

1972   1976   1980   1972   1976   1980   1972     1976    1980   1972 1 9761980

Australia
Belgium- 

Luxembourg

France

Fed. Rep. of 
Germany

Japan
New Zealand
Sweden
United Kingdom
United States

6 12 26
138 40 142

80 167 374

60
n.a.

19
382

2 540

270

150
40
52

603
3 790

470

270

61
71

949
5 280

66 69 100
195 164 349

261 508 790
460 700 1 110

500 690 020

n.a. 144 180
57

315
270

118 169
462
430

675
590

-60 -57 -74
-57 -79 -207

-181 -341 -416
-240 -430 -640

0.09 0.17 0.26
0.71 0.53 0.41

0.31 0.33 0.47
0.43 0.39 0.42

-440 -540 -750 0.12 0.22 0.26

n.a.
-38
67

2 270

-104 -119 n.a. 0.28 0.24b

-67 -98 0.33 0.42
141 274 1.21 1.31 1.41

3 360 4 690 9.41 8.81 8.95

Source: International Monetary Fund, Balance of Payments Yearbook, vols. 30, 31 and 32,1979,1980,1981.
a Property income not elsewhere included.
b 1978 data.
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Figure IV. 1 Technology production and consumption in various countries
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It is not true that the leaders in the developing coun
tries of the ESCAP region are not convinced of the necessity 
of attempting a long-range development programme which 
will achieve a technology exchange balance. The main 
problem is the social pressure forcing the decision-making 
system to abandon future-related considerations. Therefore, 
it is very important to prepare the citizens of the developing 
countries for living and participating in a future-oriented 
society. This fostering of future-orientation in the develop
ing countries of the ESCAP region has to be accomplished 
through a definitive programme of “popularization of tech
nology”, which may be done in the following ways:

(a) Increasing the people's awareness of the useful
ness of technology in their daily lives such as through the 
mass media, television, film and radio programmes;

(b) Demonstrating the usefulness of technology 
through exhibitions, fairs and carnivals;

(c) Demystifying the role of technology by involving 
rural people and particularly women in the organization of 
technology-based national competitions;

(d) Educating people to emphasize self-help and 
self-reliance in solving everyday problems;

(e) Democratizing technical knowledge through 
publication of technology journals;

(f) Creating a desire to be innovative by introducing 
monetary and recognition incentives.

4. Strategy for R and D investment

Research and development constitute the core of a 
nation’s technological capability. In chapter II, the general 
situation with respect to R and D activities in the ESCAP 
region has been discussed. As can be seen from various 
tables and figures presented in annex III, the relative pro
portion of R and D expenditures in most of the developed 
countries is between 2 and 3 per cent of GNP, and in the 
developing countries of the ESCAP region it is 0.2-0.8 per 
cent of GNP. Considering that this current average allocation 
of R and D resources in the developing countries is about 
0.5 per cent of GNP, a target of 1 per cent by the end of 
the decade has been suggested at various UNCSTD meetings.

Table IV. 3 makes an attempt to highlight the impor
tance of considering the absolute values along with the 
percentages. The average GNP of 17 OECD countries for 
the year 1981 was $387,180 million. A 2.5 percent allocation 
of this average GNP is $9,680 million, which turns out to be 
more than 20 per cent of the average GNP of 17 developing 
countries of the ESCAP region. A 0.5 per cent allocation of 
the average GNP of the ESCAP developing countries is only

$230 million. Thus, in absolute values the difference in 
allocation is more than 40 times. If Afghanistan is compared 
with the United States, the difference is more than 5,000 
times!

Referring to the tables in annex III again, one can 
note that the total national R and D expenditures for the 
year 1979 for some of the ESCAP developing countries 
were: Bangladesh — $58.9 million, India — $767.7 million, 
Philippines — $60.3 million and Thailand — $69.8 million. 
In contrast, in one small sector of communication electro
nics, the R and D expenditures of some developed countries 
were: United States — $9,137 million (1980) and Japan — 
$3,025 million (1981). Moreover, when the meager $58.9 
million expenditure of Bangladesh is divided into 20 sectors 
of about 1,000 projects in each, the actual sum becomes 
too insignificant to produce any tangible results. There are 
a large number of countries in the ESCAP region with a 
similar situation.

Therefore, it is essential for the ESCAP developing 
countries to consider a separate and meaningful budgeting 
system for R and D purposes. It is obvious that for most of 
the developing countries the overall level of R and D alloca
tion has to be much higher than 2 per cent of GNP. More
over, whatever overall level of funding is available, it may 
be useful to establish a “distribution profile” for the R and 
D expenditures with respect to the import sector, the 
evolving sector and the export sector. Figure IV. 2 repre
sents a practical strategy for R and D investment in ESCAP 
developing countries.

Learning from the experiences of the United States, 
Japan and the Republic of Korea, the following emerge as 
guidelines for effective utilization of R and D resources:

(a) A rigorous selection procedure must be follow
ed to determine the fields of research in which a country 
can afford to specialize and make a significant contribu
tion both to improving imported technologies and to pro
ducing new technologies; activities and targets should be 
chosen on the basis of the existing and potential capabilities 
and local technical manpower; activities should be directed 
to those vital and strategic areas where maximum value 
added can result; activities must be relevant to the sur
roundings (economic, demographic, socio-cultural, politico- 
legal and resource endowment); activities must be restricted 
to a limited number of projects to allow larger alloca
tions;

(b) Careful consideration should be given to deter
mining the minimum essential level of support necessary for 
R and D efforts; considerable resources must be invested in 
the education and training of technical manpower; consi
derable resources must be invested in providing adequate
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Countries

OECD countries a

Australia 
Austria 
Belgium
Canada 
Denmark 
Finland 
France 
Germany, Fed.

Rep. of
Italy
Japan 
Netherlands 
New Zealand 
Norway 
Sweden 
Switzerland 
United Kingdom

United States

TOTAL

ESCAP developed 
Countries

Australia 
Japan 
New Zealand

TOTAL

ESCAP developing 
countries b

Afghanistan 
Bangladesh 
Burma 
China

Fiji 
India 
Indonesia 
Iran 
Malaysia 
Nepal 
Pakistan 
Papua New Guinea 
Philippines 
Rep. of Korea 
Singapore 
Sri Lanka 
Thailand

TOTAL

Table IV. 3
Looking beyond the percentages for R and D expenditures

1981 GNP 
(billions of US dollars)

1981 population 
mid-year estimates 

(millions)
GNP per 
capita

Observations

154.49
65.70
94.18

285.91
54.89
47.68

482.90
684.36

14.86 
731
9.86

24.21 
5.12 
4.80

53.96 
61.67

10 396
8 748
9 552

11 800
10 721
9 933
9 933

11 097

Average GNP = $387,180 million

33239
1 142.61

141.48
23.24
54.75

100.79
108.15
474.42

2 954.1

6 582.04

154.49
1 142.61

23.24

1 320.34

2.70
9.81
5.82c

222.29

1.0
162.3 
80.09
87.19 
2433
2.20c 

3034
238 

36.99 
6032 
12.89
4.11 

33.23

778.79

57.20
117.65

14.25
3.13
4.10
8.32
6.47

55.83

5 811
9 712
9 928
7 425

13 354
12 114
16 715
8 498

Average GNP per capita = $10,505

23 per cent of average GNP = $9,680 
million

229.81

14.86
117.65

3.13

16.36
89.66
36.17

1 007.76

0.64 
683.81 
15032
39.32 
14.42
15.02 
8438

3.01 
4933 
38.72

14.99
48.13

12 854

10 396
9 712
7 425

165
109
161
221

1 563
237
532

2 217
1 701

147
357
857
747 

1563 
5 282

274
690

Average GNP = $440,110 million

2.5 percent of average GNP = $11 billion

Average GNP = $45,810 million

Average GNP per capita = $709

03 per cent of average GNP = $230 
million

1981 GNP: table A. V. 1,
1981 population estimates: United Nations, Demographic Yearbook, 1981;
1981 GDP: World Bank, World Development Report, 1983.
a

b

c

Excluding Greece, Iceland, Ireland, Luxemburg, Portugal, Spain and Turkey.

Excluding countries for which data are not available.

GDP.
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Figure IV.2 A practical strategy for R and D investments

78

Current 
situation

Developing countries 
spend 0-1 per cent 
of GNP for R and D 
activities

Developed countries 
spend 2-3 per cent 
of GNP for R and D 
activities

In absolute terms 2.5 per cent of GNP of the 
GNP of an average developed country is more 
than 40 times 0.5 per cent of the GNP of an 
average developing country

Moreover, the little money that is spent by developing countries on 
R and D is spread too thin into a very large number of activities 
of the public sector with very little commercialization

Possible 
strategy

Selectivity, concentration and commercialization are vital

Development of high-potential and 
exportable technologies for the 

“export sector”

Advancement of traditional and 
indigenous technologies for the 

“evolving sector”

Digestion, 
adaptation and improvement of 
imported technologies for the 
“import sector”

Start here Target 2 per cent 
of GNP Move to



support facilities; considerable multiplier effects could be 
obtained by investing in internationally shared facilities;

(c) In each of the selected areas of research and 
development, a proper balance must be maintained between 
the efforts to digest imported technologies for the driving 
sector and the development of new technologies for the 
future sector; some resources must be allocated for building 
the technology receiving capability; some resources must be 
set aside for basic mission-oriented research; some resources 
must be used specifically for market research and commer
cialization of new technologies.

5. Governmental regulation and promotion

One visible contrast between the approaches used for 
technological development in the developing countries and 
the developed countries is the fact that most developing 
countries of the ESCAP region have either established a 
ministry/department for science and technology or are in 
the process of establishing. One while the developed coun
tries avoided the establishment of such a ministry/depart
ment. As discussed in chapter II, these ministries or de
partments of science and technology in the developing 
countries have faced the following inherent problems: (a) 
making technology a new sector of the economic structure 
with sideline roles; (b) facing resistance in attaining a pro
minent role in overall national planning by a small and 
newly created ministry or department; and (c) like any 
other government ministry or department, the emphasis has 
been put on regulation (which inhibits creativity). In order 
to circumvent these problems, it was suggested earlier that a 
developing country may establish a national technology 
centre (NTC) which will act as an advisory body to the 
highest level of decision-making authority in the country. 
The major purpose of this agency, as was explained in 
chapter II. B, is to provide guidance rather than control the 
process of technology development.

In addition to formulating policies and plans for tech
nological development, Governments of the developing 
countries of the ESCAP region can stimulate and promote 
the advancement in the technological capability of a coun
try through a judicious mixture of policy instruments. 
Some of these are:

(a) Fiscal policies: tax credits, loans, grants, risk 
insurance and incentives can motivate the private sector to 
invest in R and D;

(b) Allocation of resources for R and D: continuous 
assistance to government laboratories and R and D con
tracts to various institutions can support basic and long
term applied research;

(c) Purchasing policies: preference may be given to 
indigenous technologies through governmental procurement, 
and greater emphasis on performance criteria will improve 
local product quality;

(d) Use of non-governmental organizations: govern
ment officials, whose orientation tends to be regulatory, 
should draw upon the enterpreneural perspective from the 
Chamber of Commerce, Manufacturers’ Association etc.;

(e) Protection policies: promotion of endogenous 
technological capacity by way of a protected market with 
a gradual reduction in the degree of protection;

(f) Support policies: providing Government-sup
ported information systems, technical assistance and exten
sion services

Although governmental involvement can usually be 
beneficial, there may be some negative effects of regula
tions, owing to the following:

(a) Regulatory time pressures leading to non
optimum innovation;

(b) Prohibitively high cost of complying with 
regulations;

(c) Regulatory processes which defeat the very 
objective of the governmental intervention;

(d) Conflicts and inconsistencies between regula
tions;

(e) Lack of explanation and effective appeal 
system;

(f) Frequent changes in regulatory measures.

In order to minimize these negative effects, it is 
necessary that government procedures for economic and 
technical assistance for innovation should be simple, and 
the terms and conditions on which assistance is offered 
must be flexible and stable. It is essential to note that there 
has to be a continuous assessment of government regula
tions and procedures as they affect the market as well as 
the process of innovation. There should be clearly identi
fiable allocations for R and D in the national budget and 
these allocations should be explicitly linked to national 
policies and plans. Supplementary sources of financing R 
and D activities should also be developed through incentives 
to private enterprises. Government should intervene only 
when the market does not provide sufficient incentives. The 
role of the Government is therefore to maintain the dyna
mism of policies as an instrument of change. The technolo
gical innovation process is helped by stable and predictable 
government policies. In many developing countries of the
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ESCAP region, in addition to the technical and market 
uncertainties which hamper innovation, there are also 
uncertainties which stem from unstable government policies 
and regulations.

B. Clarification of some problems and needs

1. Partnership with understanding in technology transfer

Basically there are two ways of acquiring new techno
logy: to develop it internally or to purchase it from some
where else. The second process of acquiring new technology 
is commonly called technology transfer. The important 
reasons for purchasing technology are: (a) less R and D 
investment needed; (b) quick to get into use; and (c) tech
nical and financial risks are very low. There are also good 
reasons for selling technology, such as: (a) increasing return 
on R and D investments; (b) technology has no immediate 
use; and (c) technology has already been utilized up to the 
limit.

Technology transfer (TT) can take place within 
national boundaries and also internationally. Inside a coun
try, TT can occur from one industry to another (or one 
sector of the economy to another) and from one organiza
tion to another. International TT can occur between two 
developed countries, two developing countries and from a 
developed (or developing) country to a developing (or 
developed) country. But in every case there must be a 
transferrer, a transferee and some vehicle for transfer — 
called transfer channels. Some of the most common chan
nels are: (a) licensing, patent, management contract, turn
key; (b) direct investment (wholly owned abroad, joint ven
tures); (c) bilateral and multilateral aid; (d) foreign trade 
(purchase of a new type of plant, machine that embodies 
new technology); (e) technical journals; (f) documents and 
blueprints; and (g) technical training.

In this study, the transfer of technology from one 
country to another was referred to as import of technology 
to avoid some of the current criticisms associated with the 
phrase technology transfer. One simple argument that can 
be presented for existing complications is that for many 
people transfer does not give the impression of a market 
deal (sale and purchase) like import, and hence the expecta
tions differ.

Although whatever industrialization has taken place 
in many developing countries of the ESCAP region is large
ly due to technology transfer through transnational corpora
tions (TNCs), there has been some criticism of this process. 
Some common criticisms and problems faced by the TNCs 
are presented in table IV. 4.

Once technology is Commercialized, the TNCD have 

usually been the channel for technology exports. As the 
technology ages and becomes less profitable, licensing and 
joint ventures become a relatively more important means of 
exporting technology. However, foreign subsidiaries still 
remain the preferred channel. Normally the average age of 
technologies exported by TNCs to their subsidiaries opera
ting in developed countries has between five and eight years 
(for licensing and joint ventures about 13 years). In develop
ing countries, the subsidiaries of TNCs have usually taken a 
longer time to obtain the technologies from parent compa
nies. In respect of technologies exported to subsidiaries, it 
has been observed that competitors on average were able to 
use similar technology within four years of it being exported. 
One study suggests that United States corporations have 
begun to depart from the policy of avoiding the release of 
industrial technology and are now finding it attractive to 
sell industrial technology to non-controlled foreign enter
prises. This is happening, they suggest, because of changing 
corporate viewpoints about direct foreign investment and 
the improved bargaining strength of technology purchasers.

However, for a long time to come, the industrialization 
process in developing countries will bevery much dependent 
upon the TNCs for technology transfer. A better under
standing is therefore needed between the transferrer and 
the transferee. For technology transfer to be effective, it is 
essential, as a minimum, that the expectations, rights and 
responsibilities of all sides (transferrer and transferee) be 
known, understood and respected. It can be said that the 
process of technology transfer needs to be a partnership 
based on understanding and a clear recognition of mutuali
ty of interests. The beginning of such understanding is to 
realize the basic facts and realities of the technology transfer 
process. In this section, some characteristics of this process 
are presented:

(a) The technology transfer process is guided by 
a “need-resource” relation. When new national needs ap
pear, there is a strong incentive for innovation. If a country 
does not have its own capacity to innovate, the required 
technology has to be introduced from outside. In order to 
make such a transfer, the country must provide transfer 
resources, such as skilled manpower, funds and transfer 
linkages. For the transfer to be successful, the country must 
be able to supply or augment the necessary transfer resources 
when the need arises;

(b) The opportunity cost of the technology has to 
be paid eventually, even when the transfer appears as a gift. 
The costs and benefits of alternative arrangements do not 
rest entirely on the channels per se but are affected by a

1 P.J. Morris, "Australia’s dependence on imported technology: 
some issues for discussion", Prometheus, 1,153-154 (June 1983).
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Table IV. 4 Criticisms and problems faced by TNCs

Common criticisms against TNCs Frequent problems of TNCs

(a) Grossly unfair contractual arrangements:

(i) Tied purchases of imports;
(ii) Restrictions on exports;
(iii) Guarantees for profits, royalties, tax rates and 

rates of exchange;
(iv) Controls on competitive imports and on local 

resources;
(v) Excessive reliance on expatriate personnel.

(a) Basic commercial problems:

(i) Inadequate protection of property rights, both 
patented and unpatented, in many developing 
countries;

(ii) Difficulties in securing an adequate return on 
foreign investment owing to unstable economic 
conditions in many developing countries;

(iii) There is a structural problem in most developing 
countries owing to the scale of production and 
market size;

(iv) High commercial risks are common in developing 
countries.

(b) Colonial approach to global division of labour:

(i) Utilizing the cheap labour of developing countries 
to enhance their competitiveness;

(ii) Confining developing countries to low-cost, labour- 
intensive technologies, while retaining a monopoly 
on high-technology industries.

(b) Skill transfer problems:

(i) Lack of adequate R and D infrastructure in de
veloping countries;

(ii) In many developing countries R and D activities 
are concentrated in national institutions, which 
are engaged in non-relevant activities;

(iii) Lack of qualified manpower for training.

(c) Leading to deceptive industrialization:

(i) Impart technologies to suit their needs and not the 
needs of the developing countries;

(ii) Generate economic dependence on a new level 
instead of economic independence;

(iii) Draining the country of its resources in exchange 
for a few temporary high-employment opportuni
ties and production of consumer goods.

(c) Political pressure.

(i) In their home countries, the TNCs are accused of 
“exporting jobs’*, “giving away valuable assets” 
and “opening up" the country to foreign competi
tion;

(ii) In the host countries, the subsidiaries of the TNCs 
and their expatriate staff become hostages.

(d) Guarding superiority through complementation schemes:

(i) Setting up enterprises with incomplete production 
cycles in different countries to retain their technical 
superiority;

(ii) Spreading out operations to safeguard themselves 
against political crises;

(iii) Gaining  advantages by introducing competition 
among developing countries.

(d) Problem with frequent changes in host country policies 
and unco-ordinated ad hoc actions in complex interrela
ted activities.

(e) Perpetuating technological subordination:

(i) Keeping developing countries as a market for their 
obsolete and second-hand machinery;

(ii) Influencing life-styles and cultivating demand for 
non-essential imports.

(0 Exerting undue influence:

(i) With sophisticated management skills and techno
logical know-how, they are able to exert consi
derable influence on policy makers in developing 
countries;

(ii) Financial resources are made available to influence 
public opinion through the mass media.

References:

[ 1 ] R. Constantins, Global Enterprises and the Transfer of Technologies (Manila, Erewhon Books, 1976).

[2] F J. Contractor, International Technology Licensing Compensation, Costs and Negotiation (Lexington, Lexington Books, 
1981).

[3] J. De Cubas, Technology Transfer and the Developing Nations (New York, MMECA, 1974).

[4] D. Goulet, The Uncertain Promise (New York, IDOC/ODC, 1977).

[5] E. Penrose, "Ownership and control: multinational firms in developing countries", in A World is Divided (Helliner, ed.) 
(Cambridge, Cambridge University Press. 1976).

[6] J.B. Quinn, “Technology transfer by multinational companies". Harvard Business Review, November 1969.

[ 7 ] A. Rahman and S. Hill, Science, Technology and Development in Asia and Pacific Manila, UNESCO, 1982).

[8] L.T. Wells, “Social cost/benefit analysis for MNCs", Harvard Business Review, March 1975.

[9] UNCTAD, Planning the Technological Transformation of Developing Countries (New York, 1981),

[10] UNIDO, Guidelines for Evaluation of Transfer of Technology Agreements (New York, 1979),

[11] UNIDO, Technological Self-Reliance of the Developing Countries: Toward Operational Strategies (New York, 1981).

81



host of variables, e.g., the stage of development and absorp
tive capacity of the host country and recipient firms, general 
economic setting and policy framework, fiscal regimes and 
so on. The important point is that the host Government 
should be well aware of alternative arrangements and maxi
mize social benefits accordingly;

(c) To a great extent, the transfer is a “people- 
oriented” phenomenon, and its success in no small measure 
depends upon the existence of close interrelationships 
between the transferrer and the transferee;

(d) Technological knowledge is cumulative in 
growth, transnational in origin, transmissible across national 
boundaries and irreducible in supply upon transfer. But 
transferred technological knowledge can generate business 
competition;

(e) Technology in most industrialized countries of 
the Western world has been developed and is owned by the 
private sector, in all but very special cases;

(f) Technology has a certain recognized value in 
the international market-place. It is a commodity with a 
life cycle. It is very expensive to develop and hence cannot 
be given away without cost recovery;

(g) Technology transfer is a multifaceted, amazingly 
diversified and constantly changing process. No country 
and certainly no corporation can have a monopoly on all 
technologies;

(h) Buying technology can either be the most use
less outlay or the best of possible bargains depending not 
only upon the ability of the transferrer to relay it but, 
above all, upon the capacity of the transferee to make good 
use of it. The existence of a sound infrastructure is general
ly an essential ingredient for accomplishment;

(i) TNCs can be very efficient transferrers of tech
nology, provided that they can rely on a certain continuity 
and can earn a reasonable return on their most valuable 
asset, technology;

(j) The TNCs are likely to have little real interest 
in developing host country R and D capabilities. They tend 
to concentrate all the R and D at their headquarters, but 
they have to be sensitive and responsive to the R and D 
requirements of the transferee;

(k) The use of less qualified people (under the 
‘foreign expert” components) for activities in developing 
countries generally results in dissatisfaction;

(1) Restrictive conditions on the transfer of tech
nology imposed by the licensers can be as unhealthy as 
those imposed by the Governments of the transferees.

International technology transfer is the result of an 
agreement between a transferrer (who has technologies for 
sale) and a transferee (who wants to buy technology), and 
the agreement is reached on the basis of the prevailing 
market situation and acceptance of mutuality of interests. 
The imperfections in this technology market situation im
pose severe constraints on developing countries. The elimi
nation of these constraints and enhancement of the bar
gaining position of these countries through better informa
tion and collective action are important priorities.

2. Dynamics of technological Appropriateness

In the context of developing countries, appropriate 
technology (AT) has been described by different groups of 
people in different ways. These viewpoints can be con
veniently classified into four major orientations: (a) consi
deration of choice from alternative technologies; (b) consi
deration of the target groups; (c) consideration of the 
resource constraints; and (d) consideration of disruptive 
changes. AT means different things to different people on 
the basis of their emphasis on one or more of the above 
considerations. This is explained in more detail in the 
following paragraphs.

(a ) Technology choice orientation

The basic premise underlying this orientation is that 
“there is a range of technologies available to satisfy a 
particular need”. Technologies range from traditional and 
primitive to sophisticated and modern. Between these two 
extremes, there exist a variety of technologies which may 
be appropriate for developing countries. Thus, it is a ques
tion of “proper choice”.

Schumacher used the expression “intermediate tech
nology”, meaning that technology for developing countries 
should be between the expensive modern industrial techno
logies and the inexpensive handicraft technologies of the 
poorest. Intermediate technology carries the specific 
connotation of some level of technological competence and 
sophistication in that it calls for inputs and methods more 
advanced than traditional forms but less so than most 
modern. Various other terms (such as “grass-roots techno
logy” and “barefoot technology”) have also been used for 
this approach. The following are some of the arguments 
given for the use of “intermediate technology” in developing 
countries:

(a) Conditions in developing countries are not the 
same as those under which the advanced technologies were 
developed, but intermediate technologies were produced 
under similar conditions;

(b) The scarcity of capital in developing countries 
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may lead to concentration of all available capital in few 
large modern plants while keeping the rest of the economy 
starved. Small-scale industrial units can be more widely 
dispersed in different regions of the country and therefore 
can strengthen the link of the production sector with the 
rest of the economy;

(c) It is not advisable to make a sudden sharp 
break with the past, but rather to build on the existing 
foundation to develop and adapt skills, knowledge and 
techniques. Decentralized small-scale industries are more 
likely to promote than displace traditional sectors;

(d) Simple and less-sophisticated technologies offer 
significantly greater scope of upgrading the skills through 
“learning by doing” and the creation of a widely distri
buted base of technological self-reliance;

(e) Small-scale intermediate technologies are more 
likely to allow the subsequent integration and development 
of other technologies in the development process, which 
may be limited by the displacement effects of advanced 
technologies;

(f) Bigger profits made by modern plants may not 
mean greater benefits for the developing country owing 
to ineffective technology transfer and licensing arrange
ments.

In spite of the advantages listed above, during the 
last two decades a fias could be observed towards the latest 
and most capital-intensive Western technologies in develop
ing countries. Intermediate technologies have been labelled 
as “inferior”, “second-best” or “second-hand” technolo
gies. There is an ongoing debate on Schumacher’s concept 
of “small is beautiful” versus the well-publicized trend of 
“the bigger the better”. The following are some of the 
arguments given for the use of modern large-scale techno
logies in developing countries:

(a) Advanced technology is the linchpin of the 
developed countries, so developing countries must make use 
of it to industrialize as rapidly as possible;

(b) Modern (new) technologies are generally more 
productive and more efficient than intermediate (old) 
technologies, as explained by the theory of technological 
substitution;

(c) When the future is considered, any technology 
other than the latest is likely to become obsolete more 
rapidly ;

(d) Advanced technologies exert modernizing in
fluences on the society and improve the quality of workers 
and management;

(e) Capital-intensive modern industries allow much 
profit to be made, which in turn may be used to promote 
further growth. The multiplier effects of capital-intensive 
industry are advantageous in the long run;

(f) Advanced technology allows integration into 
the world-wide, ever-more-specialized division of labour;

(g) Small-scale decentralized investments may fail 
to create the critical mass required for competitive innova
tion;

(h) Advanced technologies are also chosen owing 
to: (i) ever-increasing demonstration effect by the com
munications explosion; (ii) the will to possess a product 
supply comparable to that of rich countries; (iii) produc
tion structures oriented towards urban and export markets; 
(iv) economic policies for increasing labour cost and sub
sidizing capital investment; and (v) the effect of foreign 
assistance in financing the import of technology.

In addition to the above-mentioned reasons for using 
advanced technologies in developing countries, there are 
also conditions which make the use of intermediate techno
logy difficult. Some of these are:

(a) Many industries are not economically divisible 
(i.e., cannot be obtained in small-scale and low capital 
components) and therefore must produce for wider markets 
(not limited to the local market). Because of competition 
in international markets, modern technologies must be 
used to provide the degree of quality required;

(b) Use of intermediate technology results in 
higher operating costs due to frequent failures and non
availability of spare parts;

(c) Some advanced technological forms tend 
towards “ephemeralization” through their decreasing 
use of materials and energy inputs per function and in 
their successive “microminiaturization” of components. 
For example, computers have become approximately 10 
times smaller, 100 times faster and 1,000 times cheaper 
to operate over the past decade.

Thus, advanced large-scale capital-intensive technolo
gies are not necessarily inappropriate for developing coun
tries. However, it is obvious that wherever “alternative 
technologies” are available, developing countries need to 
select technologies appropriate to their-factor proportions, 
level of development and development strategies.

(b) Target group orientation

Another common basis for appropriate technology 
is the objective of meeting basic needs of specific target 
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groups. The poorer sections of the population are the 
main target. Thus, AT is geared towards the “basic needs” 
of the “poor” people living in “rural” and “slum” areas. 
The approach is to make these people rely on their own 
capabilities. The prescription is the use of rural-based 
small-scale technologies with the additional requirement 
that they should simplify the work of the rural people and 
relieve them of back-breaking manual operations. More
over, they must also make the work of women more pro
fitable.

The small-scale industries are more likely to develop 
linkages with agriculture and other feeder industries to 
stimulate, rather than displace, traditional sectors in which 
the majority of the rural people work, and in which the 
nation’s poor are able to generate wealth. A wide distribu
tion of income will create demand for marketable goods in 
other industries, a demand factor which is more likely to 
gear the development process to the production of goods 
and services for the bulk of the population rather than, 
as is the case with large-scale industries, for a small elite 
in the urban areas.

(c) Resource constraint orientation

The third basis for appropriate technology is the 
consideration of matching technology with the resource 
endowments of the developing countries. Different criteria 
have emerged according to the general condition of 
developing countries. Some of these are: “labour-intensive”, 
“less capital”, “less skill”, “less energy-consuming” type of 
technology or “technology of limitations”. Here again, it 
has been observed that modern large-scale technologies 
generally exhibit oppsite characteristics than the above. 
Hence, the suggestion is to use intermediate technologies. 
The advantages of using small-scale intermediate technolo
gies are as follows:

(a) Small-scale production units make it possible 
to save scarce capital, thus allowing available capital re
sources to be more broadly distributed throughout the 
economy;

(b) Small-scale production units utilize locally 
available raw materials and therefore reduce national 
dependence on foreign imports;

(c) Small-scale production units are more likely 
to be energy-conserving by requiring less energy for pro
duction and/or distribution.

However, there are various disadvantages as well. 
Some of these are:

(a) Creating employment and providing work 

opportunities may perpetuate lower productivity and 
inefficiency;

(b) Labour-intensive production processes take 
longer to produce a given output and tend to bind work
ing capital longer than capital-intensive production;

(c) Cheap labour is not always of the same quality 
as labour at higher wages. Thus, labour-intensive produc
tion may cost more;

(d) Labour-intensive industries require more com
plex management skills, which are in short supply in 
developing countries.

Thus, intermediate technologies which preserve 
existing employment and create new jobs may not necessa
rily be appropriate in many cases. As has happened in the 
developed countries, the employment pattern does and 
should change with development.

(d) Disruptive change orientation

The fourth basis for appropriate technology is the 
desire to achieve technological advancement through 
“evolution” rather than a “revolution”. Some of the most 
common terms used to describe this approach are “non
violent”, “non-polluting” or “soft” technology; technology 
with a “human face” or “in harmony with nature” and 
“indigenous” or “self-help” technologies which can give 
“peace and permanence”. These are technologies which do 
not represent radical departures from traditional inputs and 
practices. In addition to being small-scale, labour-intensive, 
rural-need-based and low-resource-requiring, appropriate 
technologies also need: (a) to be consistent with local cul
ture; (b) to protect the ecological cycles; and (c) to be 
compatible with the local decision-making process.

From the above description, it is easy to perceive the 
controversies surrounding the term “appropriate technolo
gy” in the developing countries. The major problems in the 
various orientations of “appropriate technology” in develop
ing countries of this region are summarized in table IV. 5. 
It is worth while noting that technological appropriateness 
depends on many things: (a) the purpose of the technology; 
(b) the surroundings within which this technology is to be 
applied; (c) the perceptions of the evaluator; and (d) the 
time at which and for which the evaluation is being made. 
Thus, appropriateness is not a fixed or inherent property 
of any technology. One of the major problems is that often 
the dynamic nature of technological appropriateness is 
overlooked.

(e) Dynamic concept of technological appropriateness

As has already been discussed earlier, technology,
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Table IV. 5 Problems with the current thinking about appropriate technology

Main Problems Description

Lack of comprehensive approach

Lack of competitive tradition

Lack of future orientation

Creation of false hopes

Inadequate rate of change

Lade of integration with technology transfer

- Job creation aspect has been largely exaggerated.
- Too much emphasis on maintaining traditional occupational patterns.

- Very little consideration of quality, productivity and efficiency neces
sary for commercial attractiveness.

- Use of small scale which overlook profitability.

- Entire thrust is towards dealing with immediate problems.
- Little or no consideration for futuristic solutions.

- Failure to realize the inadequacy of small-scale technologies to deal with 
the immense magnitude of development problems.

- The use of rural-based technology for national development is a very slow 
process compared with the fast growth in population and aspirations.

- Creating an artificial boundary between technology transfer and technology 
development.

- Very little attempt to achieve a coherent strategy.

Lack of institutional infrastructure

Lack of information flow on alternative technologies

Emphasizing the tool and not the problem

Lack of people's participation

- Very little has been done for the creation of a technological innovation 
climate.

- Institutional constraints on transfer and development of appropriate tech
nology have been largely ignored.

- Lack of information on various technologies developed in different coun
tries.

- Failures receive more publicity than successes.

- The technology selection process ignores some vital aspects of the pro
blems such as the image of modernism created by the powerful demonstra
tion effect.

- Every appropriate technology must start with and be implemented by 
people who need it. What is appropriate can only be determined by the 
people themselves.
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embodied in both hardware and software, is a man-made 
tool for development. It is produced in the R and D organi
zations for improving the ways and means of satisfying 
various individual, organizational or national needs. How
ever, different R and D institutions in different places in 
the world have produced different technologies for achiev
ing the same goals. This is because the surroundings, which 
act as a guiding force for the production of technology, are 
different, even though the driving force, exerted by various 
needs, may be the same. And the surroundings include 
everything around, such as population, resources, econo
mic, technological, environmental, socio-cultural and politi
co-legal systems. Moreover, the objective function used in 
the development of technology in different places could 
also be different. Two basic components of the objective 
function are: maximization of opportunities (positive ef
fects) and minimization of losses (negative effects).

Therefore, any technology is “appropriate”, at the 
time of development, with respect to the surroundings for 
which it has been developed and in accordance with the 
objective function used for development. It may or may 
not be appropriate in the same place at a different time 
because the surroundings may have changed and/or the 
objective function may have changed. Similarly, it may or 
may not be appropriate in a different place at the same 
time or at different times because the surroundings and 
objective functions may be similar or different. Thus, tech
nological appropriateness is not an intrinsic quality of any 
technology but is derived from the surroundings in which it 
is to be utilized and also the objective function used for 
evaluation. It is, in addition, a value judgement of those 
involved. Figure IV. 3 gives a schematic presentation of the 
concept of appropriate and inappropriate technologies.

In accordance with this framework, any technology is 
appropriate at the time and place of original application. It 
is still appropriate at a later time and/or in a different place 
if the surroundings as well as the objectives are similar to 
the original ones. Furthermore, it may not be appropriate 
at a later time and/or in a different place for three reasons: 
(a) different or changed surroundings; (b) different or 
changed objectives; and (c) different or changed surround
ings as well as objectives.

The overall objective should be the simultaneous 
maximization of the sum total of positive effects and the 
minimization of the sum total of negative effects. This 
objective function can differ from place to place and time 
to time in three ways: (a) number of factors included in the 
positive aspects; (b) number of factors included in the nega
tive aspects; and (c) the relative weightage given among and 
between these two sets of factors.

The difference in surroundings between the developing 
and the developed countries is quite significant and fairly 
well documented. Even among the developed and develop
ing countries themselves there are plenty of variations. 
These variations occur with respect to the individual com
ponents of the total surroundings within which technology 
has to function. The total surroundings can be divided into 
seven components representing: (a) population aspect; (b) 
resource aspect; (c) economic aspect; (d) technological 
aspect; (e) environmental aspect; (f) socio-cultural aspect; 
and (g) politico-legal aspect. Corresponding to each of these 
aspects there are innumerable variations. Population dif
ferences can be observed in terms of density and demo
graphic structure. Resources are unevenly distributed 
throughout the world. Economic and technological condi
tions vary from very poor to very rich. There are different 
levels of degradation of the physical environment. The 
socio-cultural factors vary widely from most primitive to 
most scientific in nature. And there are many different 
kinds of politico-legal systems in the world.

The surroundings differ not only from place to place 
but also over time. As a matter of fact, with the passage of 
time and the application of technologies almost all elements 
of the surroundings change (for better or for worse). But 
not all components of the surroundings (as described 
above) are relevant to every specific technology. What con
stitutes the surroundings depends upon the technology 
under consideration. Therefore, although in general two 
surroundings are unlikely to be identical, for any particular 
technology many apparently different surroundings may in 
fact be considered similar.

Technological appropriateness being such a dynamic 
and surrounding dependent concept, it is important to note 
that it is the ESCAP developing countries themselves which 
can determine what is appropriate for them.

3. Identification of technological needs

Proper identification of the technological needs of 
any developing country is a difficult task. Technologies 
need to be identified for both import and self-development. 
The world now possesses many options of technologies, and 
even in a very specific and narrow product field many simi
lar technologies are available. This being the case, it is im
portant to evaluate and select the right technology for rapid 
and sustainable development. Similarly, the identification 
of technologies that need to be self-developed also requires 
very careful evaluation of both the national and the inter
national situation. The dynamic concept of technological 
appropriateness, discussed in the previous section, could be 
utilized for the evaluation of technological needs by the 
developing countries of the ESCAP region.
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Figure IV 3. Appropriate and inappropriate technologies
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For proper identification of needs, in addition to the 
physical and human resources survey of the developing 
countries, it is also essential to assess the opportunities 
presented by the international market. As the developing 
countries of the ESCAP region are going to be heavily 
dependent on imported technologies, they have to identify 
some technologies both for self-development and for possi
ble future export in the international market. It is not 
possible for any country to develop technologies in all 
sectors without depending upon imports. At the same time, 
it is crucial for a developing country to specialize and to 
explore fully the potentialities for export of technology in 
at least a few areas. The right balance between the needs 
and potentialities has to be found.

4. Information systems needs

The foremost prerequisite for the proper identifica
tion of a country’s technological needs is the availability 
of a suitable information system. Almost all the developing 
countries of the ESCAP region have some sort of a national 
statistical office, which acts as the depository for all kinds 
of data, very little of which is used or can be used for 
national planning. Moreover, during the last four or five 
years a large number of computerized “data centres” have 
been established throughout the region. The usual name 
given to these places is “information centres”, but they 
should be called “data centres” until they are able to pro
vide some useful services for decision making.

Information is data that have been processed into a 
form that is meaningful to the recipient and is of real and 
perceived value in current or prospective decision making. 
Information is normally classified into various groups: (a) 
internal/external; (b) descriptive/historical; (c) performance/ 
current; (d) predictive/future; and (e) simulated “what if” 
kind. Different kinds of information are needed by different 
people at different levels of the national decision-making 
system. This is shown in table IV. 6. Every organization and 
every country has an information system; some are effec
tive while some are not. An effective information system is 
a set of well-organized procedures which, when executed, 
provides information to support decision making.

The following are some of the important attributes 
which determine the usefulness of information systems for 
decision making:

(a) Accessibility in terms of ease and speed;

(b) Degree of freedom from error (accuracy);
(c) Appropriateness from users' need point of view;
(d) Degree of freedom from abiguity (clarity);
(e) Comprehensiveness of coverage;

(f) Freedom from personal biases (subjectivity);

(g) Us ability for multiple purposes (flexibility);

(h) Quantifiability for greater utility;
(i) Verifiability with respect to mistakes;
(j) Timeliness for decision making.

Most developing countries of the ESCAP region lack 
an effective information system for technology-related 
decision making. It has been stressed in several places in this 
study that a good technology information system is essen
tial for each developing country of the region for: (a) tech
nology importation; (b) technology forecasting; (c) techno
logy assessment; (d) technology selection for self-develop
ment; (e) technology monitoring and control; and (f) overall 
technology planning. For these reasons, it may be worth 
while for the developing countries to consider the establish
ment of a national information bureau (NIB) under the 
jurisdiction of the proposed national technology centres 
(NTCs).

Table IV.6 Types of information requirements 
for different levels of the national 

decision-making system

Types Strategic Tactical Operational

Dependence on 
external 
information

Very high Moderate Very low

Dependence on 
internal 
information

Moderate High Very high

Online 
information Low High Very high

Periodic 
information Very high High Very high

Descriptive 
historic 
information

Low High Moderate

Current 
performance 
information

Moderate High Very high

Predictive 
future 
information

Very high High Low

Simulated 
“what if” 
information

Very high High Low
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C. Special problems by groups of countries

1. Very large countries (China and India)

China and India, the two largest developing countries 
of the region, have a wide base of material, human and 
science and technology resources, and have made signifi
cant strides in the development of their indigenous and 
endogenous capabilities. At present, some of their problems 
are in reorienting and using effectively their existing capaci
ties to achieve higher productivity, quality, reliability and 
international competitiveness in some relevant areas. They 
are making efforts in required areas to bring about adequate 
linkages among agencies concerned in the innovation chain 
such as national institutions, laboratories, industry, user 
and funding organizations.

2. Association of South-East Asian Nations (ASEAN) 
(except Singapore)

The ASEAN region is endowed with a rich variety of 
natural and other resources. It has achieved high economic 
growth rates in the last decade through planned socio
economic development programmes. Development of 
agriculture and industries have been emphasized. The coun
tries have accorded high priority to the application and 
utilization of technology to enhance the value added of 
their resources and for the industrialization process. Scienti
fic and technological infrastructure have been developed to 
fulfil the development objectives of the ASEAN countries. 
However, it will take time for their capacities to be upgrad
ed, to deal effectively with the development, assimilation, 
adaptation and improvement of imported technologies. 
Regional co-operation in the fields of science and technolo
gy, industry, minerals and energy, food, agriculture and 
forestry, transportation and communication, trade and 
tourism, finance and banking, social development, culture 
and information, have been adequately implemented by 
the co-ordination of the various standing committees of 
ASEAN. Special attention needs to be focussed on the 
development of scientific and technological manpower, 
promotion of design and consulting engineering capabili
ties, promoting the development of R and D amongst the 
private sector industries and the enhancement of the 
linkage between R and D and industry.

3. South Asian countries (except India)

In spite of being relatively less developed than other 
countries in ESCAP region, the full potential of technology 
in their national development has yet to receive proper 
recognition in these countries. Most of these countries have 
experimented initially with import-substitution policies, 
but in the absence of sufficient attention to internal tech

nological developments these policies have not contributed 
significantly to the enhancement of their technological 
capabilities.

Some of their problems in utilizing technology for 
development are:

(a) Urgent short-term issues make it difficult to pay 
adequate attention to long-range needs;

(b) Inadequate development of appropriate infra
structure: science and technology education; informa
tion storage and dissemination; and development of testing 
and measurement facilities;

(c) Lack of institutional arrangements for guiding 
and monitoring technology transfer activities;

(d) Efforts made so far have also suffered owing 
to: lack of policies and guidelines; lack of supports and 
incentives; lack of directions; and lack of leadership and 
effective management;

(e) External constraints: international project 
financing systems; and instability in commodity markets.

4. Newly industrializing countries/territories (Hong Kong, 
Republic of Korea and Singapore)

Being the fastest growing countries/territories of the 
ESCAP region, the NICs are also relatively more dynamic in 
the development and application of technology for develop
ment. After having built adequate infrastructures for the 
adoption and assimilation of imported technologies, they 
have vigorously embarked upon improvement and develop
ment of their technological base to sustain modern develop
ment. Industrial enterprises in these countries have also 
shown a great deal of awareness together with their Govern
ments in organizing and funding R and D efforts.

Some of their current problems in this area are:

(a) Inadequacy of technology forecasting systems 
resulting in very little lead time for competitive technology 
development;

(b) Inadequate attention to technological upgrad
ing and development of small and medium enterprises;

(c) Lack of linkages of industrial enterprises with 
those in developing countries of ESCAP region, especially 
in technological collaboration.

5. Pacific island countries

The Pacific countries possess unique characteristics 
which render the application and use of technology for 
development very different from the patterns normally 
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followed. Their geographical situation, difficulties with 
regard to infrastructure, size and distance of markets and 
conditions of life require that priorities and organization of 
research and development be done in an innovative and 
pragmatic manner. For some time to come, their priorities 
have to be dictated by the predominance of agriculture, 
marine culture, solar and wind sources for energy and other 
natural resources which they possess in abundance.

Some of their problems in this area are:

(a) Limited trained and professional manpower;
(b) Extremely limited size of markets and resources;

(c) Difficulties in communication and transporta
tion;

(d) Non-existent infrastructure and information 
base.

6. Least developed countries

The seven least developed countries in the ESCAP 
region require special measures for their technological 
development. Their low levels of development and the need 
for more effective exploitation of available resources make 
transfer, development and application of suitable techno
logies a high-priority area in their development. However, 
in the absence of policy and institutional infrastructure, 
this area has remained relatively neglected in most of the 
least developed countries. Their immediate problems are 
in access to infarmation regarding availability of relevant 
technologies and obtaining adequate finance for acquiring 
them.
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V. POTENTIAL FOR CO-OPERATION

On the basis of the earlier discussions, this chapter 
examines the need and potential for co-operation at various 
levels, highlights the specific role that ESCAP can play in 
the follow-up activities and presents a list of potential 
collaborative projects which could be undertaken jointly 
by ESCAP and other United Nations agencies.

A. Need and potential for co-operation

1. International co-operation

In all developing countries of the ESCAP region, 
there is an observable interest in further encouraging 
technology trade with the developed countries of the world 
to attain their national development objectives. Moreover, 
the climate for foreign investment, licensing agreements 
and other means of contractual arrangements that promote 
technology trade in this region are better than in any other 
parts of the world. It is obvious that the wide variety of 
human resources of the developing countries of the ESCAP 
region and the capital resources of the developed countries 
of the world could complement each other in all kinds of 
international co-operative ventures, which could enhance 
further development of technology for the benefit of all.

In the field of planning for technological develop
ment, potential for co-operation exists in the following 
areas:

(a) In studies and research concerning conceptual 
approaches, methodologies, norms and procedures;

(b) In the training of technology policy makers and 
planners, R and D managers, project leaders etc;

(c) In the exchange of experience through expert 
meetings, travel grants and establishing and strengthening 
cost-effective international information systems.

The exchange of information is prerequisite for 
international co-operation in technology. The exchange 
could embrace:

(a) Information about progress in technology and 
about ongoing research;

(b) Information about national development plans 
and more particularly about policies and plans for technolo
gical activities.

Such exchange is among the most important factors 
of success in incorporating technological considerations in 
the development planning process.

There are numerous technologies produced by the 
small and medium-scale industries of the developed world 
which could be very appropriate for import by the ESCAP 
developing countries. This is not currently happening 
owing to lack of information about availability and needs. 
Strengthening of the international technological informa
tion system to reflect the availability of these technologies 
and the needs of developing countries can assist in this 
regard. The small and medium-scale industries of the 
developed countries and also the large industries of the 
developing countries are seldom equipped individually to 
develop any really significant business arrangements across 
national boundaries. Arrangements for international co
operation in this respect would be welcomed by all.

2. Regional and subregional co-operation

Among the developing countries of the ESCAP 
region, there is keen interest in learning from each other’s 
experiences selecting, absorbing and improving imported 
technologies and from their experiences in developing 
their own technologies. It is therefore apparent that the 
potential for regional co-operation in this respect is enor
mous.

Although each developing country is unique in many 
respects, there are certain general themes, problems and 
constraints which can be observed throughout the region. 
There are several problems and issues which are common 
to countries of various subregional groups. These issues and 
problems have been listed in chapter IV.C. Many kinds of 
regional and subregional activities can be undertaken for 
the benefit of the member countries. The major objectives 
of such co-operations would be:

(a) To conserve resources by avoiding unnecessary 
duplication of activities in many countries in the areas of 
standardization, measurements and specialized training 
facilities;

(b) To share resources in establishing technology 
data banks and technology forecasts;

(c) To increase an individual country’s capability 
for technology absorption by taking part in joint adaptive 
research and pooling the strengths of different R and D 
institutions in the region;

(d) To deal with common geographical problems 
and opportunities;

(e) To solve particular problems faced by many 
countries;
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(f) To share the risks and adventures in attempt
ing to tackle some unconventional, yet innovative problems 
in technology.

3. National, sectoral and project-level co-operation

As was pointed out earlier, the most prominent 
among national-level issues is how to translate national 
goals into specific R and D projects. All other key issues 
are related to the above, such as: (a) how much of the 
GNP to spend on R and D activities; (b) what should be 
the sectoral distributions for R and D expenditure; (c) 
what could be the ideal structure of the national network 
for R and D; (d) what kind of information and service 
facilities need to be provided, and how much; and (e) 
what kind of incentives should be given to foster innova
tion. The major issue at the sectoral level is again how to 
translate long-term sectoral (such as agriculture, industry, 
education and transportation) goals into specific R and D 
projects. Other key issues are: (a) how to determine priori
ties among R and D projects within each sector; (b) how to 
determine the optimum level of support; (c) how do mar
ket structure and competition affect R and D inputs and 
outputs; and (d) what inducements can be given to increase 
technology transfer within a sector and also with other 
sectors. At the project level, important issues are: (a) what 
should be the organizational form and structure (such as 
centralized, decentralized, functional and matrix); (b) 
what should be the legal relationships between the Gov
ernment and private clients; (c) how to identify, select 
and train key personnel (scientists, engineers, project mana
gers etc.); (d) how to organize the support services (such as 
drafting, printing, library, computing and workshops); (e) 
what should be the procedure for transition from laborato
ry to market; and (f) how to establish the budget and level 
of expenditure for different activities. Other related and 
important issues with respect to attracting and retaining 
the must qualified people in national R and D institutions 
are: (a) how to measure individual performance so that 
rewards can be linked with output; (b) how to prevent or 
delay obsolescence among the technical people through 
training and retraining; and (c) how to establish good career 
plans and advancement procedures for high morale, which 
is essential for interdisciplinary team-work.

Each of these issues is directly or indirectly related to 
the value system and the general development goals of a 
country. These problems can be solved by group activities 
when all affected parties are included. Groups also tend to 
give more weightage to future utilities and opportunity 
costs than individual persons or organizations. However, 
it may be worth while noting that co-operative activities 
should be organized in such a way as to (a) encourage 
competitiveness, (b) cultivate the creativity available within 

the country and (c) motivate all people in general to wel
come technological change.

B. Promotion of co-operative activities by ESCAP

This section presents some specific follow-up activi
ties in the area of technology for development that could 
be undertaken by ESCAP through its various divisions, 
units and centres.

1. Research activities of importance and relevance

(a) Development of a methodology to measure the 
technology content of products and identify indicators for 
technology development and absorption of imported 
technology.

(b) Identification of measures to strengthen the 
capabilities of member countries in technology policy and 
arrangements for monitoring technology imports.

(c) Analysis of incentive measures to promote 
research and development in the private sector.

(d) Development and evaluation of methods for 
optimizing returns from R and D investment.

(e) Appraisal of linkages between research and 
development institutions and the productive sectors.

(f) Development of a simple methodology for 
social cost-benefit analysis of introducing new technologies.

(g) Special studies to find ways and means to 
rejuvenate traditional industries through the use of modern 
technology.

(h) Studies leading to a synthesis of experiences of 
developing countries with respect to importation and 
adaptation of technologies from transnational corporations 
and other sources.

(i) Identification of mechanisms for increasing 
technical awareness among the general population and 
fostering future orientation in the decision-making system. 
This may include finding answers to the following ques
tions:

(i) How to foster future orientation in the 
decision-making process in developing 
countries?

(ii) How to make the latest technologies avai
lable to a large number of women belong
ing to economically poor and socially 
backward strata of developing countries, 
who are also illiterate, unskilled and 
widely dispersed?
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(iii) How to make technological change rele
vant to the problems and concerns of 
poverty sections of the population?

(iv) How to fine-tune governmental policy 
weapons to encourage local technological 
development?

(j) Technological assessment of specific industrial 
subsectors in the ESCAP region, with a view to ascertain
ing and augmenting their productivity and competitive
ness.

(k) Development of appropriate environmental 
impact assessment guidelines for various ESCAP coun- 
tries.

2. Advisory services on immediate needs

(a) Assistance to member countries in the establish
ment of national technology centres (NTCs) in order to en
hance national planning capabilities through forecasting, 
monitoring and evaluation of technological trends and their 
implications for economic and social development.

(b) Helping member countries to conduct surveys 
to determine local technological capabilities and national 
needs.

(c) Assistance to member countries in dealing with 
specific technological problems relevant to their resource 
endowments and socio-economic context.

(d) Influencing national decision makers to imple
ment sound technology-related policies.

(e) Supplementing the efforts of member coun
tries to solve their own problems in policy research, mana
gement of R and D institutions, science and technology 
manpower planning etc. through provision of expert ser
vices from donor countries.

(f) Assisting member countries in popularizing 
technology among the masses.

(g) Stimulating the diffusion of regionally available 
technologies which may bring tangible benefits to member 
countries.

(h) Technical assistance in sensitizing policy and 
decision makers in member countries to the implications 
of new and emerging technologies.

(i) Encouraging adaptive research at the regional, 
subregional and national levels on new uses of available raw 
materials and new products based on available resources.

(j) Special advisory services for the problems and 

needs of the least developed countries in the ESCAP 
region.

3. Training programmes for manpower development

(a) Organization and implementation of training 
programmes at the national, subregional and regional levels 
to enhance the effectiveness of the utilization of technolo
gy in the development process through specific attention to 
the following:

(i) Training for science and technology poli
cy makers ;

(ii) Training of technology planners;

(iii) Training for middle managers at the 
operational level;

(iv) Training for skilled workers.

(b) Manpower training specifically for the follow
ing national organization

(i) National technology centre (NTC)

(ii) National research and development insti
tute (NRDI)

(iii) National information bureau (NIB)

(c) Special training programmes could be organized 
at the regional level for improving the status of women 
technologists.

(d) Training programmes in sectors and areas:

(i) Training programmes for all sectors of 
transport engineers and economists;

(ii) Training programmes in management of 
energy systems and conservation of 
energy;

(iii) Training programmes for environmental 
impact assessment;

(iv) Training programmes in technology con
tracts and negotiations;

(v) Training programmes for industrial pro
motion and consultancy services.

(e) Special training programmes for policy makers, 
managers and operatives from the least developed coun
tries of ESCAP region.

4. Promotion of information and networking activities

(a) Organizing and strengthening the national, 
subregional and regional mechanisms for exchange of 
information and experiences among member countries on 
adaptation and assimilation of imported technologies.
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(b) Organizing and strengthening “clearing-house” 
activities with respect to indigenous technologies developed 
in member countries.

(c) Organizing and strengthening networks of 
collaborating individuals and institutions to increase the 
practical impact of research and training.

(d) Organizing and strengthening activities to 
increase the outreach of national institutions through their 
involvement in international co-operative efforts to deal 
with common problems.

(e) Strengthening collaborative research among R 
and D institutions in member countries for adaptation of 
imported technologies and development of indigenous 
technologies through networking in such areas as standar
dization and quality control.

(f) Strengthening networking mechanisms to facili
tate the flow of technology among member countries 
through activities such as the setting up of demonstration 
plants, exchange of prototypes and scientific equipment 
and consultancy services.

(g) Establishing technology information systems 
for the region by establishing regional, subregional and 
national data banks which are interconnected and also 
linked to the international technology information sys
tems.

5. Strengthening institutional facilities

(a) Promoting and strengthening regional facili
ties such as testing, quality control and standardization 
organized by international agencies in the public and private 
sectors.

(b) Exploration of possible institutional arrange
ments for exchange of experiences on technological de
velopment strategies and policies.

(c) Strengthening the Regional Centre for Tech
nology Transfer of ESCAP to carry out collaborative 
activities:

(i) To maximize co-operation among local 
experts to help to understand and solve 
urgent problems beyond the capabilities 
of individual nations;

(ii) To increase the practical impact of re
search and advanced training by organiz
ing networks of collaborating individuals 
and institutions ;

(iii) To improve the outreach of national 
institutions by involving them in interna
tional co-operative efforts to deal with 
common problems;

(iv) To increase the ability of member coun
tries to solve their own problems by 
strengthening their policy research and 
advanced training capabilities;

(v) To share information on technological 
needs and capabilities of various coun
tries and to identify technological priori
ties in relation to needs and goals of 
countries of the region in a comparable 
development situation;

(vi) To reduce wastages due to duplication 
and repetition of failures in member 
countries, and to identify strategies which 
maximize the effective utilization of 
available resources and manpower.

(d) Strengthening other technology-related regional 
institutions sponsored by ESCAP:

(i) Regional Network for Agricultural Machi
nery;

(ii) Regional Mineral Resources Development 
Centre;

(iii) Regional Co-ordination Centre for Re
search and Development of Coarse 
Grains, Pulses, Roots and Tuber Crops in 
the Humid Tropics of Asia and the 
Pacific.

C. Potential for collaboration with other 
united nations agencies

Technology for development in the ESCAP region 
requires augmented efforts by all international agencies 
and co-ordinated inter-agency programme implementa
tion. Following are some of the specific inter-agency ac
tivities which are suggested for implementation on a priori
ty basis:

(a) UNIDO/ESCAP:

Application of modern technologies for decentralized 
(small-scale and rural-based) industrialization and ensuring 
the integration of traditional and modern technologies.

(b) UNESCO/ESCAP:
Development of a science and technology manpower 

planning procedure for the developing countries of the 
ESCAP region.
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(c) UNCTAD/ESCAP:

Incorporation of the concept of technology content 
to strengthen the international trade situation.

(d) UNCSTD/ESCAP:
Identification of measurable and reliable technology 

development indicators.

(e) UNEP/ESCAP:
Development and exchange of appropriate environ

mental technologies, in particular, technology for waste 
recycling and its use.

(0 WIPO/ESCAP:

Establishment and strengthening of the industrial 
property system in the ESCAP region.

(g) WHO/ESCAP

Establishment and exchange of appropriate techno
logy of environmental health and Sanitation.
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VI. RECOMMENDATIONS

As pointed out in the previous chapter, technological 
co-operation at all levels, can be beneficial to all countries. 
In this chapter, a few concrete recommendations are sug
gested for consideration and adoption by the Commission. 
The background and justification for each of the following 
recommendations have already been discussed in previous 
chapters of this study.

A. National-level recommendations for the 
developing countries of the ESCAP 

region

1. Establishment of national technology centres

Most developing countries of the ESCAP region have 
either established a ministry/department for science and 
technology or are in the process of establishing one. How
ever, these ministries and departments have not yet fully 
succeeded in integrating technological considerations in the 
national socio-economic development planning process. The 
principal reasons for this are: (a) they have yet to be fully 
involved in decision making on development problems; (b) 
they are unable effectively to co-ordinate, consolidate and 
integrate national technology strategies, plans and activities 
owing to not having enough authority; and (c) they are 
unable to provide effective direction and priority setting in 
research development institutions.

While recognizing the crucial role of technology in 
national development developing countries may consider 
strengthening a central body at the national level which is 
capable of identifying, protecting, promoting and exploit
ing technologies for development and achieving integration 
of technological considerations with overall socio-economic 
development policies. This central body, preferably in the 
form of a national technology centre (NTC) with direct 
involvement of the highest level national decision-making 
authority, should be set up with the following activities 
among others:

(a) Co-ordination of interministry and interdepart
mental activities related to development and application of 
technology and acting as a central policy planning agency 
on all technology matters;

(b) Providing inputs to national development 
planning:

(i) Translating socio-economic development goals 
into technological needs;

(ii) Identifying areas for technology import and 
development;

(iii) Clarifying technology development objectives 
and critical issues;

(iv) Participating in the evaluation and assessment 
of technology development policies, plans and 
programmes;

(c) Clearly defining the R and D priorities in rela
tion to identified national development objectives;

(d) Monitoring technological change (global, re
gional and national):

(i) Suggesting steps for avoiding technological 
obsolescence;

(ii) Suggesting means for short-cuts and quantum 
jumps;

(iii) Providing early warning of the potential impact 
of emerging technologies;

(e) Developing an adequate information system for 
technology planning and maintaining links with the outside 
world;

(f) Identification of needs and preparation of 
technical manpower development plans;

(g) Developing measures for the improvement of 
existing traditional technologies and application of highly 
efficient modern technologies in rural and informal sectors;

(h) Developing measures for the creation of an 
innovative temper in the general population.

The NTC should be a relatively small but functionally 
effective organization with a core of high-level professional 
staff. In its work it should draw upon the work of impor
tant institutions such as the national research and develop
ment institution (NRDI) and the national information 
bureau (NIB), whose functions have been described in 
earlier chapters. The NTC may use advisory bodies with 
representatives of such interest groups as: (a) the private 
sector investor community; (b) the technological communi
ty from the academic and research organizations; (c) the 
technology producers’ community from the local industries; 
and (d) the technology consumers’ community from the 
general population.

2. Action plan for national R and D activities

Real technological capabilities (as opposed to the 
nominal increase in technology level through purchase) 
can be achieved only through judicious involvement in R 
and D activities. It is known that most of the developed 

96



countries of the world spend between 2 and 3 per cent of 
their GNP for R and D activities, while most of the develop
ing countries spend only 0.2 to 0.8 per cent of their GNP 
for the same purpose. In absolute terms the actual amount 
spent on R and D by an average developed country is more 
than 40 times of that of an average developing countries on 
R and D activities, where the investment is usually spread 
thinly over a wide variety of activities covering all sectors of 
their economies. Moreover, the R and D activities in de
veloping countries are mostly carried out in governmental 
organizations with almost no linkages with market demand.

An R and D investment policy that seeks to ensure 
proper balance and simultaneous growth of several econo
mic sectors should not be at the expense of concerted 
thrusts in selected sectors. Leap-frogging in technological 
advances is possible only through a strategy based on 
selectivity, concentration and adequacy of support. There
fore, developing countries of the ESCAP region should set 
an adequate and pragmatic target for R and D activities 
with the following specific considerations:

(a) In the present age of technological specializa
tion, immense competition and global interdependence, 
even the least developed among the developing countries 
need to be future-oriented for their survival. Such future 
orientation requires that R and D efforts be determined on 
the basis of both the domestic and the international market 
point of view;

(b) A major proportion of the R and D activities 
need to be allocated for the digestion, adaptation and im
provement of imported technologies. Initially a high per
centage of R and D expenditure can be allocated for this 
import sector and this allocation can be gradually reduced 
with the development of indigenous technological capabili
ties;

(c) A fair proportion of the R and D allocation 
needs to be spent for the development of a few high- 
potential and skill-intensive technologies aimed at the 
export market. Initially a small percentage of R and D 
expenditure can be allocated to this export sector, which 
allocation can be gradually increased;

(d) An adequate allocation should be made for the 
advancement of traditional and indigenous technologies for 
the evolving sector of technology for national develop
ment. With increased assimilation of imported technologies, 
the local technological capabilities are bound to increase, 
requiring increases in the allocation to this sector;

(e) Greater progress in the application of technolo
gy can be achieved by more specific attention to dynamic 
sectors and interlinkages between them. The linkages be
tween agriculture, industry and capital goods and between 

construction, building materials and capital goods are two 
examples. Other such linkages could be identified and 
exploited to provide dynamism to the growth process.

B. National-level recommendations for the 
developed member countries of

ESCAP
1. Design and implementation of research and training 

programmes relevant to the needs of developing coun
tries

Each year many developed countries provide a large 
number of fellowships for higher education to students 
from developing countries. One problem common to this 
fellowship programme is that the students in most cases do 
high-level research on problems of interest and relevance to 
the supervisors of the developed country universities, which 
depend on research funds from their national science foun
dations. These problems are quite different from those 
commonly encountered in developing countries. Therefore, 
there developed countries should establish research and 
training programmes in some of their universities, at the 
regional technology institutions of ESCAP and at the 
national technology centres of member countries. The ap
proach for such research and training programmes can be 
similar in concept to the one adopted by the Asian Institute 
of Technology, but excluding the degree-granting aspect 
and emphasizing the research and training aspects.

2. Provision of expertise for advisory services

To a great extent, the exchange of technology is a 
“people-oriented” phenomenon, and its success, in no small 
measure, depends upon the existence of close interrela
tionships between the two partners. Foreign experts pro
vided by the developed countries could provide a very 
useful service by paving the way for smooth technology 
import in developing countries. They can also help in the 
areas of technological forecasting and technology assess
ment. Therefore, the developed countries may be requested 
to provide experienced and qualified people to man the 
advisory activities of ESCAP.

C. Role of ESCAP

ESCAP, as the only intergovernmental forum in this 
region, is increasingly being called upon to play an expanded 
role in the field of science and technology for development. 
It has provided significant opportunities for interaction 
between policy makers in the member countries and has 
assisted them in evolving institutional and policy initiatives 
for building up their technological capabilities. During the 
preparations for the United Nations Conference on Science 
and Technology for Development in 1979, ESCAP suppor
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ted member countries in formulating their national papers 
and in evolving the regional contribution and has been 
active since then in the implementation of the Vienna 
Programme of Action. It has been closely involved in the 
preparation and execution of the operational plan for the 
implementation of the Vienna Programme of Action and in 
the regional, subregional and national initiatives required 
for this.

In co-operation with member countries, ESCAP has 
established the Regional Centre for Technology Transfer in 
order to assist them in matters concerning technology 
development and transfer. It acts as a regional instrument 
to further the major concerns of the organizations in the 
United Nations system involved in the field of technology. 
It has been able to stimulate and guide a spread of activities 
in the member countries in spite of limited institutional and 
financial support. ESCAP has also established the following 
institutions with the main objective of advancement of 
technology and to harness the potential for regional co
operation:

(a) Regional Network for Agricultural Machinery;

(b) Regional Mineral Resources Development Cen
tre;

(c) Regional Co-ordination Centre of Research and 
Development of Coarse Grains, Pulses, Roots and Tuber 
Crops in the Humid Tropics of Asia and the Pacific.

The manifold implications and potentialities of tech
nology and its application for development reinforce the 
catalytic role that has to be played by ESCAP in promoting 
regional and subregional co-operation. This is especially 
important in view of the common problems and issues 
encountered by several countries in the region and the 
potential for fruitful co-operation in this area. In order 
actively to assist the member countries in their national 
efforts and effectively to promote the regional and sub
regional co-operative endeavours, ESCAP should organize 
the following facilities and services:

1. Technology data bank and information sharing

In view of the acknowledged importance of import of 
technologies for both developing and developed countries, 
it is important to collect information on “what technolo
gies are available", “where those technologies are available” 
and “what has been the experience of various importers”. 
In addition, exchange of information on “licensing agree
ments” and “adaptation and assimilation of imported 
technologies” is also valuable. These kinds of information 
sharing may give rise to the following benefits to the 
developing countries:

(i) Removing some of the monopolistic character 
of the technology market;

(ii) Providing opportunities for collective bargain
ing and obtaining a fair price;

(iii) Avoiding mistakes and reinforcing positive 
outcomes.

The developed countries can also benefit substantially 
if an information sharing system is available which contains 
information regarding the “local technological capabilities 
and needs” and “existing technology import and develop
ment policies” of the developing countries, in addition to 
what technologies are available in the developed and de
veloping parts of the world. Such a data bank should draw 
upon existing sources of technological information in the 
United Nations system and other international agencies.

2. Nodal point for optimum partnership

The current international co-operation in technology 
has been more in form than in substance. The technological 
gap between advanced and less developed countries is too 
great and the understanding of mutual conditions and 
interests too meagre, resulting in technologies offered by 
donor countries proving to be inadequate or difficult to 
adapt to the capacities of recipient countries. Therefore, 
there is a need to design a mechanism to render interna
tional technical co-operation flexible and effective.

Technology exchange between two countries in most 
cases depends on the gap between the two countries with 
respect to a particular technology. If the gap is too large, 
there could be only a nominal increase in the technological 
level of the receiving country but no real technological 
capabilities develop owing to its inability to assimilate 
advanced technology. However, if the gap is too narrow, 
there is likely to be too much competition, inhibiting real 
technology exchange. Therefore, it may be found that the 
technology exchange programme is most effective for a 
certain optimum gap between two countries. ESCAP can 
act as the active intermediary to find optimum partners for 
technology exchange.

This is an active role based on the technology data 
bank, in bringing the potential collaborators together 
through:

(i) Identifying prospective partners;
(ii) Helping them to understand their respective 

points of view;

(iii) Monitoring compliance with such agreements to 
ensure true technology assimilation;
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(iv) Taking care of the “human aspects’’ of the 
technology exchange process.

It is therefore proposed that substantial equipment 
and personnel support be provided for this useful role to be 
played by the ESCAP.

In addition to the role of identification of optimum 
partners for technological collaboration, ESCAP can also 
act as the nodal point for tripartite or other co-operative 
arrangements for technology development. These arrange
ments can be of many kinds. One possible arrangement 
could be the promotion of “two-stage” technology adapta
tion for least developed countries. As the enterprises in 
semi-industrialized countries gradually adapt the imported 
technology to the market conditions and socio-cultural 
requirements of the particular country, those enterprises 
may be better suited to enter the markets of the least 
developed countries through the tripartite arrangements 
made possible by ESCAP. Another possibility could be a 
“three-way” arrangement among a newly industrializing 
country (NIC), a least developed country (LDC) and 
ESCAP, to make available the digested and adapted techno
logies of the NICs along with their accumulated experiences 
so as to minimize the costly trials and errors in the process 
of assimilating imported technologies in the LDCs.

3. Technological forecasting and assessment

In many developing countries, the resources availa
ble for the activities of the national technology centres are 
very limited with respect to qualified manpower and 
effective linkages with the outside world to monitor 
technological changes. ESCAP can help to train the NTC 
personnel and also assist the NTCs in their various activities 
outlined earlier.

Specifically, activities related to technological fore
casting and technology assessment are very expensive for 
most of the developing countries of the ESCAP region. 
These activities require very high-level technical expertise, 
large-scale computing facilities and very sophisticated in
formation collecting networks. Through a collective effort 
at the regional level, ESCAP could provide the following 
services for the national Governments:

(i) As the regional office of the UNCSTD’s 
proposed “Advanced Technology Alert 
System (ATAS)”, it could help in the 
early identification and assessment of 
the implications of new and emerging 
technological developments throughout 
the world ;

(ii) It could undertake intergovernmental

studies such as those prepared by the pro
gramme on “Forecasting and Assessment 
of Science and Technology (FAST)” of 
the European Economic Community ;

(iii) It could look for fall-outs (by-products) 
from big projects undertaken by the 
developed countries to enable developing 
countries to identify some high-poten
tial areas for R and D activities in the 
future sector;

(iv) It could make available case studies on 
successful as well as unsuccessful re
search and development efforts in rele
vant areas of technology ;

(v) It could look into several untapped 
areas of research and development, 
which may not be of interest to the 
developed countries.

4. Streamlining operations through subregional co-ordina
tion units

Considering the vastness of the region and the crucial 
role of technology in national development and the need 
for increasing co-operation, ESCAP should consider streng
thening arrangements for co-ordination and implementation 
at the subregional level with due consideration to the 
prevalent groupings within the ESCAP region such as the 
Pacific island countries, ASEAN and South Asian Regional 
Co-operation. ESCAP may establish co-ordination and 
implementation arrangements at the subregional level for 
this purpose. Such arrangements should also enhance the 
networking of national focal points along identified lines.

D. Specific follow-up activities by ESCAP

In support of national efforts and in order to pro
mote co-operation among countries of the region, ESCAP 
should intensify its research activities, advisory services, 
training programmes, information and networking schemes 
and institutional facilities. The importance of continuous 
dialogue among the countries of the region on all mat
ters relating to technology for development, under the 
auspices of ESCAP, can hardly be overemphasized. ESCAP 
should enhance its capabilities for formulation, implemen
tation, monitoring and evaluation of programmes and 
activities of interest and need among countries of the 
region in identified areas of technological development. 
Some of the areas requiring high priority are :

(a) Survey of existing mechanisms for co-opera
tion and of the experiences of various countries in techno
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logy development and possibilities for future activities in 
this regard;

(b) Research activities:

(i) Identification of national needs and capa
bilities;

(ii) Identification of possible areas of co
operation among various NRDIs;

(iii) Case studies in implementation of techno
logy development policies and measures.

(c) Regular and specially structured training pro
grammes:

(i) Three-tier training for policy and decision 
makers in government and R and D 
institutions;

(ii) Management of information systems;

(iii) Technological forecasting;

(iv) Technology assessment.

(d) Fielding “technology task forces" comprised 
of interdisciplinary teams of experts for:

(i) Special advisory missions;

(ii) Assistance in project preparation in
selected areas;

(iii) Trouble-shooting in matters relating to 
technology for development.

(e) Promoting technology exchange through regu
lar conferences, consultations and quality publications to :

(i) Identify optimum partners;

(ii) Arrange for co-operative programmes.

In addition, follow-up activities should be under
taken in specific sectors of importance to the ESCAP 
region selected for special treatment in this study. Some of 
the special programmes and projects for specific follow-up 
by ESCAP are:

(a) Projects for strengthening national information 
collection, processing and dissemination systems and im
proving their linkages with regional and international in
formation systems;

(b) Projects for co-operative research on non- 
conventional and renewable sources of energy in ESCAP 
region;

(c) Projects for the establishment of common 
facilities in prototype development, testing and demonstra
tion purposes in selected fields;

(d) Projects for the development of low-cost con
struction and building materials;

(e) Projects to improve agro-industrial linkages;

(f) Programme to improve post-harvest technolo
gies;

(g) Projects for the development of appropriate 
environmental assessment guidelines for ESCAP coun
tries;

(h) Programme to institute necessary measures for 
optimum utilization, development and strengthening of 
regional infrastructure in all modes of transport and com
munications;

(i) Projects catering specifically for the technolo
gical requirements of least developed countries and Pacific 
island countries;

(j) Projects for the application of micro-electronics 
technology in the traditional and selected sectors of na
tional development of developing countries in the ESCAP 
region ;

(k) Projects for the improvement of productivity 
in agriculture and allied sectors in ESCAP developing coun
tries through the utilization of advance in biotechnology 
and genetic engineering.

E. Strengthening ESCAP’s technology units

In order to implement all the foregoing activities 
effectively, it will be necessary to strengthen the technolo
gy units of ESCAP in several ways. Most of these activities 
require long-range perspective and continuous work with 
clearly defined action programmes. Continuous commit
ment of adequate personnel and financial support is essen
tial for securing tangible results. The following schemes are 
eminently suited for strengthening ESCAP:

1. Secondment of national experts from developing coun
tries to ESCAP

The developing countries of the ESCAP region can 
enhance the effectiveness and utility of their participation 
in the activities of ESCAP, especially those recommended 
above, through a programme of secondment of experts. 
They can initially identify one or two most important 
technological areas that are of highest priority to each 
participating country. Then a local expert in each of the 
identified areas can be selected and seconded as a resource 
research person and to act as a liaison between ESCAP 
and the NTC. These experts can also help in building 
the data bank in their areas of specialization and provide 

100



their respective countries the benefit of the data banks 
built by other participants in other areas.

Similar arrangements can also be made for technolo
gy forecasting, technology assessment and other important 
activities of NTCs. In every case, the participating coun
try can effectively multiply its one-person-year input by a 
factor equivalent to the number of participating coun
tries.

2. Secondment of expats from developed countries to 
ESCAP

The developed member countries of ESCAP can help 
in enhancing the technology capabilities and in the proper 
identification and understanding of the needs of develop
ing countries and also opportunities for technology co
operation through a scheme of secondment of experts to 
ESCAP. These experts can also assist in the research activi
ties, advisory services, training programmes and informa
tion and networking schemes of ESCAP.

3. Secondment of exports from United Nations agencies

Expertise and experience on several areas of technolo
gy are available in United Nations system. These agencies 

have also been active in promoting technology for develop
ment in the ESCAP region. They can enhance the effective
ness of their programmes and strengthen the capabilities of 
ESCAP through a scheme of secondment of experts in 
mutually agreed specific areas of technology. It can be 
noted, for example, that UNIDO has seconded such experts 
to ESCAP.

4. Formation of a “technology resources cell”

The existing technology units and related institutions 
and networks of ESCAP need to be strengthened consi
derably, with regard to both expertise and facilities. A core 
of professional experts with adequate information process-

____ —

ing facilities should be located within the ESCAP secreta
riat. Such a team of interdisciplinary and international 
experts could enhance the capabilities of ESCAP in imple
menting the specific programmes and activities suggested 
in the Action Plan. They would also be useful in under
taking specific surveys on needs, capabilities and specific 
problems of member countries, giving special attention to 
least developed countries, Pacific island countries and other 
subregional groups with common problems. This cental 
core of experts should also be supported with adequate 
funds for undertaking projects and programmes.
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Types of 
production

Country

Raw materials 
(SITC 2+3}

Afghanistan

Australia

Bangladesh

India

Indonesia

Iran

Japan

Malaysia

New Zealand

Pakistan

Philippines

Republic of 

Korea

Singapore 

Sri Lanka

Thailand (1978)

France

Federal Republic 
of Germany

United Kingdom

United States

Table A.I.I
Trade patterns of some countries using import/export ratio for the year 1979 

(millions of US dollars)

Refined materials 
(SITC 0+1+4)

Processed materials 
(SITC 5+6)

Manufactured goods 
(SITC 8)

Machinery and equip
ment (SITC 7+9} Total

Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio

38.9 151.9 0.26 69.9 109.0 0.64 120.2 38.4 3.13 9.1 0.5 18.20 253.3 13.5 18.76 491.3 131.0 1.56

2 454.8 6 457.0 0.38 890.5 6 148.6 0.14 4 530.4 3 129.4 1.45 2 099.7 301.3 6.97 6 418.2 2 384.4 2.69 16 393.5 18 463.0 0.88

376.2 131.0 2.87 269.5 74.7 3.61 410.9 336.1 1.22 26.5 0.9 29.44 249.9 9.5 26.31 1 333.1 552.8 2.41

66.9 42.0 1.59 83.4 150.7 0.55 95.2 8.4 11.33 42.1 2.9 14.52 78.6 11.2 7.02 366.3 215.5 1.69

2 369.2 614.9 3.90 1 041.7 1 908.7 0.55 1 640.1 2 544.0 0.64 99.2 530.0 0.19 1 234.5 375.2 3.29 6 423.0 5 989.5 1.07

1 164.7 13 229.7 0.09 1 089.2 1 488.1 0.73 2 395.6 635.6 3.80 214.9 80.6 2.67 2 315.3 116.0 19.96 7 183.4 15 690.1 0.46

448.8 9 147.3 0.05 1 831.3 172.4 10.62 5 237.2 145.1 36.09 493.6 0 6 379.6 41.51 53.73 14 431.6 9 533.4 1.51

67 849.3 1 585.7 42.79 14.769.2 1 069.8 13.81 13 864.7 32 176.4 0.43 5 507.3 8 343.3 0.66 8 681.8 59 603.8 0.15 110 672.3 103 031.6 1.07

1 328.3 6 114.0 0.22 1 023.1 1 874.3 0.55 2 161.4 1 577.1 1.37 362.8 274.7 1.32 2 941.5 1 228.8 2.39 7 830.9 11 078.6 0.70

909.3 1 435.7 0.63 274.7 2 126.1 0.13 1 654.6 773.7 2.14 322.5 124.7 2.59 1 360.9 199.9 6.81 4 521.9 4 671.2 0.96
898.4 291.8 3.08 799.9 604.1 1.32 1 296.2 917.9 1.41 88.7 175.5 0.51 973.6 97.5 9.98 4 056.8 2 086.8 1.94

1 346.5 826.3 1.63 393.1 1 328.7 0.30 1 338.9 367.5 3.64 131.0 329.0 0.40 1 918.9 497.5 3.86 5 143.3 3 349.1 1.53

7 049.1 383.3 18.39 1 654.4 1 200.1 1.38 4 715.8 5 325.9 0.89 693.7 4 864.9 0.14 6 153.4 3 232.8 1.90 20 306.2 15 051.6 1.34

5 881.3 5 441.3 1.08 1 651.5 1 225.6 1.35 3 639.7 1 824.3 2.00 1 040.5 988.5 1.05 5 425.0 4 753.6 1.14 17 638.0 14 233.2 1.23

292.5 336.4 0.87 337.7 518.7 0.65 416.0 45.4 9.16 33.7 73.6 0.46 372.7 1.0 372.7 1 452.7 977.7 1.48

1 473.7 620.9 2.37 226.3 2 057.0 0.11 1 638.6 865.4 1.89 147.7 274.8 0.54 1 827.9 265.4 6.89 1 827.9 265.4 6.89

29 997.9 7 405.0 4.05 12 278.6 14 475.3 0.85 29.944.0 31 953.8 0.94 10 480.8 8 229.4 1.27 23 878.9 35 895.2 0.67 106 711.0 97 958.8 1.08

43 570.2 9 275.9 4.70 19 266.0 8 578.6 2.25 41 999.2 57 454.8 0.73 18 899.6 15 626.8 1.21 33 947.0 80 500.7 0.42 157 681.9 171 426.7 0.91

19 817.9 11 700.7 1.69 14 537.3 6 294.7 2.31 29 746.0 30 586.1 0.97 12 145.8 8 342.8 1.46 23 866.7 33 475.0 0.71 102 613.1 90 503.5 1.13

74 570.4 26 199.3 2.85 19 895.1 26 871.6 0.74 40 795.6 36 132.6 1.13 23 871.3 10 570.6 2.21 58 842.9 76 819.8 0.77 217 975.3 176 773.8 1.23

Source: United Nations, Yearbook of International Trade Statistics, 1979, Vol. 1.
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Table A.I.2. Historical trade pattern of some countries

Type of 

production

Country

Raw materials Refined materials
(SITC 2+3) (SITC 0+1+4)

Processed materials 
(SITC 5+6)

Manufactured g 
(SITC 8)

Machinery 
(SITC 7+9) Total

Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio Imports Exports Ratio

United States
1972
1975
1979

8 657.4
31 828.1
74 570.4

6 754.4
14 353.4
26 199.3

1.28           7 559.0               7 189.1
222           10 480.4            17 968.4
2.85          19 895.1            26 871.6

1.05 13 437.6                 9 233.9
0.58 18 598.6               19 938.1
0.74 40 795.6              36 132.6

1.46 6 910.6 3 323.2

1.13 23 371.3 10570.6

2.08 18 998.7 23 277.6 0.82
1.54 26 769.2 49 836.0 0.54
2.21 58 842.9 76 819.8 0.77

55 563.4 49 778.2 1.16
96 941.5 107 665.2 0.90

217.455.0 176 773.8 1.23

Japan
1972 12 829.4 580.9
1975 37 129.0 1 645.0
1979 67 489.3 1 585.7

23.29 3 684.2 646.9 3.70
22.57 8 989.3 712.2 12.62
42.79 14 769.2 1 069.8 13.81

3 882.5 10 048.6 0.34 1 129.6
5 703.7 21 407.8 0.27 1 990.6

13 864.7 32 176.4 0.43 5 507.3

3 387.8
4 354.6
8,343.3

0.18 23 470.7 28 645.5 0.82
0.14 57 864.3 56 257.7 1.03
0.15 110 672.3 103 031.6 1.07

Republic of Korea
1972 673.3 137.4 4.90 568.9 121.0 4.70 619.6 550.3 1.13 81.3 642.8 0.13 761.8 172.3 4.42 2 522.0 1 624.1 135
1975 2 505.2 255.0 9.82 1 012.2 609.9 151 1 655.9 1 559.4 1.06 187.7 1 882.6 0.1 1 909.3 713.1 2.68 7 271.0 5 081.0 1.43
1979 7 049.1 383.3 18.39 1 654.4 1 200.1 1.38 4 715.8 5 325.9 0.89 693.7 4 864.9 0.14 6 153.4 3 232.8 1.90 20 306.2 15 051.6 1.34

Malaysia
1971 275-5 950.9 0.29 283.3 248.9 1.14 366.5 375.8 0.98 63.6 15.8 4.03 453.4 47.4 9.57 1 442.3 1 638.8 0.80
1974 643.1 2 235.0 0.28 725.2 792.5 0.92 1 140.8 849.8 1.34 232.7 1 64.4 1.42 1 368.8 192.5 7.11 4 110.6 4 234.2 0.97
1979 1 328.3 6114.0 0.22 1 023.1 1 874.3 0.55 2 161.4 1 577.1 1.37 362.8 274.7 1.32 2941.5 1 228.8 2.39 7 830.9 11 078.6 0.76

Source: United Nations, Yearbook of International Trade Statistics, 1975 and 1979, vol. 1.
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2 544.9
4 051.7
8 681.8

13911.3
28 138.1
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Table A.I.3 Technology trade of developed countries, 1965-1981

Source: Science and Technology Bureau.
Note: The figures in the table are converted from yen using the implied rate used by the source document.
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1965 17 166 10.2 1 534 135 1 136.3 138 131 105.3 75 166 45.2 169 215 78.6

1966 19 192 9.9 1 514 140 1 081.4 168 143 117.5 73 175 41.7 181 244 74.2
1967 27 239 11.3 1 746 166 1 051.8 183 174 105.1 90 193 46.6 195 230 84.8

1968 34 314 10.8 1 867 186 1 003.8 211 195 108.2 99 219 45.2 270 282 95.7

1969 46 368 12.5 2019 221 913.6 218 223 97.8 98 256 38.3 336 332 101.2

1970 59 433 13.6 2 331 225 1 036.0 273 255 107.1 119 306 38.9 344 357 96.4

1971 60 488 12.3 2 545 241 1 056.0 288 270 1.06.7 149 377 39.5 398 467 85.2

1972 74 572 12.9 2 770 294 942.2 339 307 110.4 201 433 46.4 585 587 99.7
1973 88 715 12.3 3 226 386 835.8 410 350 117.1 216 539 40.1 835 741 112.7
1974 113 718 15.7 3 821 346 1 104.3 465 413 112.6 262 582 45.0 980 823 119.1
1975 161 712 22.6 4 300 473 909.1 493 484 101.9 308 729 42.3 1 313 1 035 126.9
1976 173 846 20.4 4 353 482 903.1 601 477 126.0 289 692 41.8 1 438 1 180 121.9
1977 233 1 027 22.7 4 724 447 1 056.8 632 518 122.0 335 816 41.1 1 775 1 239 143.3
1978 274 1 241 22.1 5 869 610 962.1 744 625 119.0 430 964 44.6 2 053 1 633 125.7
1979 342 1 260 27.1 6 189 706 876.6 491 1 065 46.1
1980 378 1 439 26.3 6 860 768 893.2
1981 537 1 711 31.4 7 096 883 803.6

Year Rec
eipts

Japan 
Pay
ments

A/B 
(%)

United States 
Rec- Pay-

eipts ments
A/B 
(%)

Rec
eipts

United Kingdom
Pay
ments

A/B Rec
eipts

Fed. Rep. of Germany
Pay
ments

A/B 
(%)

Rec
eipts

France 
Pay
ments

A/B



Year

Country

Australia
Canada
France
Germany, Fed. Rep. of 
Netherlands
United Kingdom
United States
Japan
Indonesia
Malaysia
Philippines
Sri Lanka
Rep. of Korea
Thailand

Table A.I.4 Inflow of income, outflows of payments and investments from some countries
as a result of foreign direct investment

(Millions of US dollars)

1970 1974 1977 1980

Inflow of Outflow of Investment 
income payments outflow

Inflow of Outflow of In vestment 
income payments outflow

Inflow of Outflow of Investment 
income payments outflow

Inflow of Outflow of Investment 
income payments outflow

38.0 307.0 111.0 126.3 635.0 247.7 138.9 7493 251.0 317.8 959.2 482.9
195.0 635.0 300.0 414.9 1 202.6 829.8 401.6 1 466.4 1 506.1 891.5 2 081.1 2 994.8
84.0 20.0 373.0 131.1 99.8 781.7 183.3 123.8 227.4 456.8 184.8 3 0233
79.0 771.0 873.0 120.3 1 791.9 1 924.2 326.9 2 556.9 2 230.0 546.6 2 577.0 4 529.3

514.0 255.0 519.0 1241.1 7923 1 712.6 1 242.2 1 069.4 1 516.6 2 596.6 2 234.7 2 689.0
932.0 434.0 1 310.0 1 494.9 864.7 3 686.1 1 745.4 1 040.3 3 288.9 3 136.7 1 941.9 6 106.8

4 992.0 441.0 7 589.0 11 389.0 264.6 9 079.9 13 286.4 1 260.9 11 897.0 19 848.3 3 175.7 18 611.9
87.0 110.0 355.0 348.8 286.6 1 876.1 840.6 385.3 16343 1 3406 533.6 2 394.8

128.0 1 2772 1 614.7 3 257.7
166.0 485.9 603.6 1 584.0
24.0 4.0 79.4 N.A. 80.6 173 158.8 221.3
8.0 2.4 1.2 14.3
5.0 35.0 30.1 14.4 57.2 21.0 63.8 13.0

19.0 - 20.4 313 37.7

Source: United Nations Centre on Transnational Corporations, Transnational Corporations in World Development, Third Survey, (1983), 
annex tables II.8, II.9,11.10,II.11 (pp. 293-296), II.4 (pp. 288-290) and 11.5 (p. 316).



Table A.I.5 Pattern of direct investment of selected developed countries

Primary industry Manufacturing industry Service industry
Country    Total

Total Developed Developing Total Developed Developing Total Developed Developing investment
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United States 
(millions of dollars) 

(1979-1981)

United Kingdom 
(millions of dollars) 

(1978)

Fed. Rep. of Germany 
(millions of dollars) 

(1980)

Japan 
(millions of dollars) 

(1951-1980)

18 731 10 745
(100%) (57.4%)

(31.4%)

2 360.8 7953
(100%) (67.4%)

[6.1%]

478.4 401.9
(100%) (84%)

[7.4%]

7 981 2 716
(100%) (34%)

[213%]

7 918 18 400
(42.3%) (100%)

[30.8%]

384.9 24 295.8
(32.6%) (100%)

[63.2%]

763 3 082.3
(16%) (100%)

[48.2%]

5 265 12 573
(66%) (100%)

[343%]

19 771 4 524.8
(81.4%) (18.6%)

2 119.1 903.2
(70.1%) (29.1%)

13 306 5 094
(72.3%) (27.7%)

4 161 8 412
(33.1%) (66.9%)

22 507 20 164
(100%) (89.6%)

[37.7%]

11 774 8 758.6
(100%) (74.4%)

[30.6%]

2 767.3 2 474.0
(100%) (89.4%)

[44.4%]

15 943 10 019
(100%) (62.8%)

[43.7%]

2 343 59 638
(10.4%)

[100%]

3 015.4 38 430.6
(25.6%)

[100%]

293.3 6 267.9
(10.6%)

[100%]

5 924 36 497
(43.7%)

[100%]

Source: United Nations Centre on Transnational Corporations, Transnational Corporations in World Development. Third Survey (1983), 
pp. 293-296, tables II-8, II-9, II-10 and II-11.



Table A.I.6 Technology export patterns of some 
developing countries

Percentage of four types 
Country Year 

Type 1 Type 2 Type 3 Type 4

Republic of Korea 1980 9 5 86 1

India 1979 14 19 63 3
Brazil 1979 40 19 37 3

Source: S. Tamura, "Technology transfer in the Pacific", Tokyo 
Workshop on Direct Investment and Technology Transfer, 
June 1983.

Notes: 1. Type 1 includes exports of capital goods (equipment 
and machines).

2. Type 2 includes exports of manufacturing facilities and 
their installation.

3. Type 3 includes the undertaking of overseas construc
tion projects.

4. Type 4 includes fees received for licensing and consul
ting services.

Table A.1.7 Thailand: increase in technology payments

Year
Type of payment —----------------- ---------------------------------------

1977 1978 1979 1980 1981

Royalty fees 367.36 348.17 44.26 581.88 881.94
Technical fees 94.43 14928 189.21 275.38 429.43
Trade mark fees 1.40 12.82 1920 4.44 3.84
Management fees 41.53 34.43 47.50 7525 85.52

Total 504.72 544.70 717.17 936.95 1 400.73
(millions of baht)

Percentage change - 7.9 31.6 30.6 49.5

Source: Bank of Thailand, Bangkok.
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Figure A.L1 (continued)
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Figure A.I.1 Pattern of import/export ratio of some developed countries
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Figure A.I.l (continued)
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Figure A.I.l (continued)
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Figure A.1.2 Trade patterns of selected countries, 1979
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Figure A.1.2 (continued)
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Figure A.I.2 (continued)

Trade pattern of Fiji, 1979
(Left bar = imports; right bar = exports)
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Trade pattern of Philippines, 1979 
(Left bar = imports; right bar = exports)
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Figure A.I.7 Pattern of import/export ratio of Malaysia
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Annex II

TABLE ON TECHNOLOGICAL INTERDEPENDENCE

Tables

A.II.l. Regional distribution of measured and indicated reserves, 1977

A.II.2. Involvement of transnational corporation in the production and distribution of primary 
resources

A.II.3 The global situation of foreign direct investment

A.II.4 Students from some ESCAP countries studying abroad
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Table A.II.1. Regional distribution of measured and indicated reserves, 1977
(As percentage of total)

Source: OECD, Facing the Future (Paris, 1979), pp. 48-49

Type of material 
Country

Iron Cop
per Lead Tin Zinc Alumi

nium
Tita

nium
Chro
mite

Co
balt

Colum
bium

Manga
nese

Molyb
denum

Nic
kel

Tan
talum ten

Vana
dium

Bis
muth

Mer
cury

So- 
w

Plat
inum

Asbes
tos

Selected industrial market countries
Canada 11.7 6.8 9.5 18.7 15.2 5.5 8.1 16.0 12.1 6.5 11.6 1.6 42.7
Finland 0.6 <«- —

Ireland ** 5.5 — — —

Italy mJ 4.1
Norway — — — 6.4 — — — —
Spain 38.4
United States 18.5 20.8 — 14.5 — 6.0 — 38.4 6.1 10.9 24.8 0.1 4.2

ESCAP countries
Australia 11.5 13.8 12.6 18.6 6.6 — 8.0 9.3 — 2.7 1.4 20.7 —

China — 14.8 — 6.0 46.9 4.5
Papua New Guinea — — 33.9 — —
India 5.8 — 5.8 17.5 0.4 — — 0.9
Indonesia 23.6 — — — 13.0
Malaysia 8.2 — g —
Philippines — 12.8 9.0 —

Thailand 11.8 — — — * —
USSR 30.2 7.9 13.2 6.1 7.3 0.6 13.9 6.4 37.5 6.6 13.5 2.9 10.6 74.8 18.2 26.2 15.6 32.3
New Caledonia 18.8 — 25.0

Other areas
Africa 4.1 8.2 8.6 74.4 38.0 9.8 50.0 66.0 18.7 82.3 12.6
South America 17.5 5.9 16.5 26.3 0.3 76.6 2.2 27.8 — 2.3 27.9 4.5 23.9 0.3 —
Non-market

Ind. countries — — 7.3 — 6.4 5.6 8.6
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Table A.II. 2 Involvement of transnational corporations in the
production and distribution of primary resources

Type of 
commodity

Indicator 
of 

involvement
Total Year

Percen tage of 
world total controlled 
by TNCs

En
er

gy Fuel oil and 
petroleum

Ownership 1979 45
Product sales 1979 82

N
on

-fu
el

 m
et

al
s

Copper Production3 38 456 thousand 
tons

1981 23

Aluminium Ownership of 
capacities

17 883 thousand 
tons

1982 65.7

Alumina Ownership of 
capacities

39 875 thousand 
tons

1982 72.1

Bauxite Ownership of 
capacities

21 622 thousand 
tons

1982 66.7

Fo
od

 co
m

m
od

iti
es

Wheat

    bExports

$US 16 556 million 1980 85-90

Sugar $US 14 367 million 1980 60

Coffee $US 12 585 million 1980 85-90

Corn $US 11 852 million 1980 85-90

Rice $US 4 978 million 1980 70

Cocoa $US 3 004 million 1980 85

Tea $US 1 905 million 1980 80

Bananas $US 1 260 million 1980 70-75

Pineapples $US 440 million 1980 90

A
gr

ic
ul

tu
ra

l r
aw

 m
at

er
ia

ls Forest products

 Exports b

$US 54 447 million 1980 90

Cotton $US 7 886 million 1980 85-90

Natural rubber $US 4 393 million 1980 70-75

Tobacco $US 3 859 million 1980 85-90

Hides and skins $US 2 743 million 1980 25

Jute $US 203 million 1980 85-90

Source: United Nations Centre on Transnational Corporations, Transnational Corporations in World Development, Third 
Survey (1983), tables V.7 (p. 197), V.5 (p. 208), V.6 (p. 210) and V.7 (p. 213).

a The production of copper owned by seven leading corporations.
b In most cases, three to six transnational traders account for the bulk of the market.
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Table A .II.3 The global situation of foreign direct investment (Millions of US dollars)

Region
Outflow of 
investment

Inflow of foreign 
investment reported 

by host countries

Inflow of incomes 
from foreign direct 

investment

Outflow of payments 
on foreign direct 

investment

1970-1972 1978-1980 1970-1972 1978-1980 1970-1972 1978-1980 1970-1972 1978-1980

Developed market 13 203 41 563
economies

All developing 43 682
countries

South Asian 1 -
countries

South-East Asian and 
Oceania countries 20 152

8 724 25 905 8 233

2 428 7 973 65

78 79

531 2 389 15

25 495 4 054 13 531

327 5 954 12 784

1 060 8

83 469 3 986

Source: United Nations Centre on Transnational Corporations, Tranational Corporations in World Development, Third Survey (1983) table 
II.2, p. 19.

Table A.II.4 Students from some ESCAP countries studying abroad

Country of 
origin

Year Country where studying

United States United Kingdom Canada Fed.Rep. As named Others 
of Germany

Indonesia 1979 2 441 
(25.9%)

N.A. N.A. 3 289 
(34.9%)

Netherlands 
697 

(7.4%)

1 008 
(10.7%)

Malaysia 1979 3 661 
(18.7%)

9613 
(49.1%)

2 114 
(10.8%)

N.A. Singapore 
998 

(5.1%)

1 135
(5.8%)

Singapore 1979 1 012 
(26.0%)

1 576 
(40.5%)

447
(11.5%)

N.A. Australia 
432 

(11.1%)

245 
(6.3%)

Thailand 1979 6 500 
(66.5%)

N.A. N.A. 303
( 3.1%)

Philippines 
879 

(9.0%)

1 349 
(13.8%)

Source: S. Tamura, “Technology transfer in the Pacific”, Tokyo Workshop on Direct Investment and Technology Transfer, 
June 1983.

Note: N.A. = not available.
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Annex III

TABLES AND FIGURES ON R AND D EXPENDITURES

Tables

A.III.l. R and D expenditures in some ESCAP countries or areas

A.III.2. Historical data on R and D expenditures of some countries

Figures on R and D expenditure trends

A.III.3. R and D expenditure by type of industry in some countries

A.III.4. Expenditure on R and D by type of R and D activity, source of funds and sector in
selected ESCAP countries

A.III.5. Time series data of R and D expenditure, number of researchers and technicians and 
researcher/employment ratio in some branches of industry in Japan

A.HI.6. R and D expenditure in selected industries in the United States

A.III.7. Republic of Korea: number of R and D institutes and researchers, and R and D expendi
tures by source of funds in the years 1963 and 1981

A.1U.8. Major activities and expenditure on R and D in some developed countries

Figures

A.III.l. Research and development expenditure of selected countries

A.III.2. Number of scientists and engineers engaged in R and D in Japan

A.III.3. Research and development expenditure in Japan

A.III.4. R and D expenditure in some industries in Japan
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Table A.III. 1 R and D expenditures in some ESCAP countries or areas

Country or area
R and D expenditure R and D expenditure 

Year as percentage of GNP (millions or US dollars)
Remarks

Australia 1978 1.0
Bangladesh 1979 0.2
Burma 1973 0.1
China 1978 1.0
Hong Kong 1973 NA
India 1979 0.6
Indonesia 1979 0.4
Iran 1972 0.3
Japan 1979 2.1
Maldives 1979 0.4
Mongolia 1980 0.13
Nepal 1979 N.A.
New Zealand 1979 1.0
Pakistan 1974 0.14
Philippines 1979 0.17
Republic of Korea 1979 0.6
Samoa 1978 1.9
Sri Lanka 1979 0.2
Singapore 1979 0.25
Thailand 1979 0.26
USSR 1979 4.6

921.8
58.9

2.4
3 174.0

4.2 Not including data for
767.7 non-integrated R and D
211.5
46.6 Govt. exp. only

21 108.1
N.A.

1.6
4.7

160.3
15.0 Govt. exp. only
60.3

360.3
3.4

14.7
18.2
69.8

31 067.0

Sources: M. Ahmed, “Survey of science and technology development in the ESCAP region in the 
context of the Vienna Programme of Action”;

SC.82/CASTASIA II/3;
SC.82/CASTASIA II/7/ref. 1;

UNESCO, Statistical Yearbook, 1981.

Table A.Ill.2 Historical data on R and D expenditure of some countries
(Millions of US dollars)

1971
1972
1973
1974

1975
1976
1977

1978
1979
1980

26 745 
28415 
30 417
32 322
35 213
39 016
42 982

48 295
54 994
62 222

28.6
30.2
39.3
58.2
88.2

125.8
223.7

314.9
356.8
436.5

34.5
36.4
46.3
89.5

101.8
144.8
254.2
354.0
407.4
507.6

4 867.7
5 933.3
7 913.7
9 024.9
9 891.4a

11 341.1
15 213.8
20 790.7
21 122.7
25 754.8

227

226
311
390
444
537

868.0

921.8
1 196.8

27 242.1
Sources: Statistical Abstract of the United States, 1982-1983;

Surveys on R and D in Japan, 1982 and 1975;
Yearbook Australia, 1982,1980 and 1979;
Government of India, 1981.

Interpolated.
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Table A.III.3 R and D expenditure by type of industry in some countries
(Millions of US dollars)

Sources: Survey on R and D in Japan, 1982; and Statistical Abstract of the United States, 1982-1983. 
a Incl. extraction.

b Inch ordnance.
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Mining 41.8 58.7 8.1 10.6 .07 1.97 3.10
Food 174.5 419.9 335 517 13.3 17.7 1.75 12.78 29.78
Textiles 71.7 2933 2.4 1.5 5.45 12.25 5.43
Wood 60.6 94.0 249 508 1.0 1.8 ) ) 3.22

) 0.14 1.97

Paper and printing 3.8 4.5 ) )
Chemicals incl. pharmaceuticals 1 2053 2 811.3 2 727 4 608 31.2 39.1 4.57 25.46 72.92
Petrol and coal 61.9 184.7 693a 1 565a

Rubber, plastics, leather 106.2 238.7 467 646 4.0 6.2 4.48
Ceramics, non-metal 178.6 382.9 233 401 4.4 4.5 14.49
Metal, basic 440.1 1 080.7 443 693 21.8 22.9 2.22 4.09 42.31
Fabricated metal 138.6 294.3 324b 588b 4.6 5.2 3.15 8.46 29.49
Machinery, non-elec. 474.9 1 102.4)

) 3 196 6 076 9.4 9.9 16.51 81.17 144.34
Electrical machinery 706.9 1 557.0)
Communications and electronics 977.4 3 025.1 5 105 9 137 24.3 36.0 168.62
Transport (car) 751.4 2 383.8 )

) 8 143 14 624 16.8 17.1 198.79
Other transport equip. 230.5 473.4 )
Prec./scientific equip. 148.1 577.2 1 173 2 270 5.3 7.4 9.69
Other manufactures 190.9 446.4 39.0 53.2 0.61 5.89 1.70
Other industry 488.6 1 100.6 82.6 85.8 1.65 4.64 78.78

Total 6 448.2 16 529.1 24 187 43 879 233.1 270.1 853.29

Industry 
sectors

Country Japan

Year 1976 1981

United States

1975 1980 1976/77 1978/79

Australia Republic of Korea

1976 1980

Sweden

1975



Country

Table A .III. 4 Expenditure on R and D by type of R and D activity, source of funds and sector in selected ESCAP countries
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Samoa 1978 3.40 18.2a 14.4a 67.4a

Bangladesh 1974 14.00  • • •

India 1979 767.73 15.8 54.5 29.7
Sri Lanka 1975 6.43 3.8 77.5 18.7
China 1979 162.30
Pakistan 1973 15.02
Thailand 1978 56.56
Philippines 1978 32.31 16.6e 64.0C 19.4e

Mongolia 1971 4.00  • • •  • • •  • • •
Republic of Korea 1978 320.08 14.0d 37.7d 48.3d

Iran 1978 46.62  • • •  • • •  • • •
Singapore 1978 12.38  • • •  • • •  • • •
New Zealand 1975 121.19  • • •  • • •  • • •
Japan 1976 11 190.0 34.3 17.7 48.0

1979 21 123.70  • • •  • • •  • • •
1981 27 242.10 14.6 25.6 59.8

Australia 1976 983.18 30.0 45.0 25.0
1978
1979 1 196.80  • • •  • • •  • • •

60.0 20.0 8.0 12.0 72.9 19.3 8.4
85.1 14.9 9.4 1.6 88.9
87.6b 12.4b

53.5 33.7 10.6 2.2 82.0 3.0 15.0
100.0
100.0 89.6 5.3 5.1

86.0 13.2 0.8 0.1 28.7 71.2
 • • •  • • •  • • •  • • •  • • •  • • •  • • •
48.4 51.1 0.5 63.3 13.4 23.3
28.1 0.9 77.7 16.5 5.9
37.8 53.4 8.2 0.6 61.7 29.3 9.0
80.2 18.8 1.0 61.7 17.1 21.2
29.4 70.5 0.1 56.7 28.1 15.2
29.5 70.4 0.1 58.1 27.5 14.4
27.0 72.9 0.1 60.7 24.2 15.2
72.8 24.2 1.8 1.3 42.1 23.0 34.9

 • • •  • • •  • • •  • • • 23.6 31.3' 45.1

a Figures for 1977, not 1978.
b Figures for 1971, not 1979.
c Figures for 1976, not 1973.
d Figures for 1973, not 1978.

e Figures for 1972. not 1976.
Notes:,.. - not available.
Sources: SC.82/C ASTASIA 11/Ref.l;

Survey of R and D in Japan, 1982;
Yearbook Australia; 1982.

Year Total

(millions) 
of US dollar)

Basic 
Research

A pplied 
Research

Experiment, 
Development

Distribution by type of 
R and D activity (percentage)

Distribution by source of funds 
(percentage)

Government Productive 
enterprises

Foreign Other Productive 
sector

Distribution by sector of 
performance (percentage)

Higher 
education 

sector

General 
service 
sector



Year

1982

1981

1980

1979

1978

1977

1976

1975

1974

1973

1972

1971

1970

1969

1968

1967

1966

1965

1964

1963

1962

Table A .III.5 Time series data of R and D expenditure, number of researchers and technicians and 
researcher/employment ratio in some branches of industry in Japan

Communic. and electronics Chemical industry Machinery Electrical machinery Motor vehicles

R and D Resrch Tch Riem R and D Resrch Tch R/em R and D Resrch Tch Riem R and D Resrch Tch R/em R and D Resrch Tch Riem
Exp Exp Exp Exp. Exp.

664 307 

535 984 

382 688 

313 546 

272 147 

285 308 

n.a.

237 825 

194 587 

164 926 

131 656 

129 845

93 366 

83 834 

55 467 

39 877 

31205 

31137 

33 768 

26 165 

21799

41819

38 830

30 997

28 897

27 210

28 550 

n.a.

23 822 

20613 

19 374

18 753

18 937

14 970

14 362

12 925

11 352 

10127

8 629

9 663

7 311

5 850

106 691

659

656

681

659

604 

n.a.      n.a.

25 542

434

33 398

414

363

330

284

316

284

269

251

293

248

212

617 354 33 970 40 637 242 271 15 666 22 320 341 918 21 374 21 542

558 252 

489 829 

404 208 

385 952

351 886 

n.a.

304 235 

238 189 

199 235 

193 682

175 132 

137 296

110 836

91 302 

69 079

62 699

66 002

52 372 

41995

36 832

32 847 

31556

29 506 

29 228 

28 259

n.a.

27 220

25 876 

26 207

25 232 

24 669 

21565

19 451 

19 075

16 859

15 849 

14 552

15 292 

12 064

9 874

528 

567

580 

550

507 

n.a.       n.a. 

56 453

445 

55 441

409

385 

345

345

357 

323

301

282 

302

235 

237

218 877 15 390 299

185 749 15 273 309

160535 12 642 268

171 252 14 375 261

138 624 13 426 251

n.a.               na.           n.a.       n.a.

146 208          20 934 19 336

86 925 10 561 203

67 370 10 242 44 186

75 195 9 754 177

72 352 10 600 159

53 274 8 192 145

44 103

30 288

20 740

17 780

7 503

7 123

5 470

6 733

134

149

119

139

19 008 5 985 125

10 276 4 050 127

9 725 4 601 133

8 722 3 036 107

281 240 20 043 531

311 524 24 470 462

266 975 22 277 550

229 145 20 729 508

206 359 20 915 498

 n.a.                n.a.          n.a.      n.a.

159 563            18 823 30         426

146 905 18 125 409

111 803 17 415 338

97 512 14 430 320

97 972 12 290 263

75 951 10 752 228

41960 7 418 211

30 341 6 990 209

25 298 6 449 206

20 253 5 831 186

19 914 4 907 141

17 178 5 124 145

17 720 4 386 163

17 207 3 692 138

Source: Survey of R and D in Japan.

Notes: R and D expenditure is in millions of yen (current prices).
RESRCH is the number of regular researchers engaged in R and D.
TCH is the number of technicians per 100 researchers.
R/em is the number of researchers per 100 persons employed in industry.

523 484 13 601 58

419 775 13 541

373 445 12 026

332 966 11 015

269 499 9 747

219 344 9 331

n.a.                n.a.        na.

184 128 8 486       147

160 245 8 373

115 584 6 918 157

92 736 6 307

78 529

57 663

50 775

37 677

29 780

24 341

21 776

16 597

12 684

14 268

5 770

4 847

4 712

3 948

3 465

2 830

2 379

2 439

2 291

2 330

298 

296

273 

272

249 

240 

n.a. 

212 

224 

192

182 

158

151 

149

144 

142

135 

118

138 

160 

167



Table A.Ill.6 R and D expenditure in selected industries in the United States
(millions of US dollars)

Industry 1970 1971 1972 1 973 1974 1975 1976 1977 1978 1980 1981

Steel
Non-ferrous metals
Machinery
Electrical machinery and 

communications
Aerospace
Autos and other transportation 

equipment

Fabricated metals and ordnance
Professional and scientific 

instruments

Chemicals and allied products
Paper and allied products

Rubber products
Stone, clay and glass
Petroleum products
Food and kindred products
Textile mill products and apparel

Average values

120.40

105.78
1 475.76

100.53
135.96

1 508.74

118.10
117.31

1 643.08

112.05
104.53

1 667.18

114.58
94.24

1 829.24

115.51
116.75

1 702.79

120.34

119.75
1 685.86

139.95
143.26

2 136.23

134.14

148.48
2 440.70

128.38
153.90

2 327.94

116.71
172.86

2 737.09

4 128.86 3 633.84
4 724.84 4 049.14 4 100.12 3 581.78 3 938.50 3 429.78 4 367.87

3 426.12
3 907.69

3 504.64

4 348.93
3 587.08
3 357.86

3 857.54

3 819.00

1 142.08
163.40

618.34

1 382.88
121.26
210.70
145.34

501.38
159.96
52.46

1 215.40

145.02

622.94

1 505.44

109.59
231.54

139.26
405.41
171.39

1 670.21
181.94

742.94

1 540.94
149.23
154.01

139.65
422.94

185.93

1 679.22
213.57

681.31

1 539.34
168.45
241.39
120.32
385.78
237.63

1 800.77

178.99

534.26
1 663.13

158.65
168.14

141.02
427.14
217.64

1 444.44

166.43

694.28
1 585.41

140.35
178.84
131.65
386.26
204.31

1 722.85
206.04

793.62

1 711.11
182.56
182.56
139.71

472.53
220.13

2 008.95
239.69

806.67

1 659.96
192.30

349.33
182.38
460.09
224.26

2 275.84

219.14

827.39

1 873.92
195.07

324.09
178.69
593.92
204.80

2 032.29

187.11

952.56

1 898.24
309.42
257.18
99.63

748.44

219.51
59.13

1 985.84

256.17

1 043.38

2 057.77
214.33
252.13
168.45
758.96
237.08
43.67

1 003.6 998.2 1 073.5 1 049.4 1 073.2 987.8 1 102.2 1 134.1 1 233.6 1 087.9 1 181.4

Source: Annual Surveys of Business’ Plans for Research and Development Expenditures (McGraw-Hill).



Table A.111.7 Republic of Korea: number of R and D institutes and researchers, and R and D
expenditures by source of funds in the years 1963 and 1981

R and D institutes 
supported by:

Number of institutes

7963 1981

Number of researchers

7963 1981

Annual R and D expenditures 
(millions of won)

1963 1981

Government and 
public

62 133 1 548 5 065 527 145 309

Universities 9 206 132 8 488 32 27 168

Private 12 323 70 7 165 6 120 654

Total 83 662 1 750 20 718 565 293 131

Source: Y.G. Yun, "Experience in building self-reliance in technology in the Republic of Korea” (RCTT/83/9/SRT/4).
Notes: 1.1963 data from the national survey of the Science and Technology Research Organization (1964), Economic Planning 

Board, Republic of Korea;

2.1981 data from the Almanac on Science and Technology (Ministry of Science and Technology, Republic of Korea, 
1982).

Table A.Ill.8. Major activities and expenditure on R and D in some developed countries

Country Year Major R and D activities
R and D exp, 
(millions of 
US dollars)

As % of total 
R and D exp. Remarks

Fed. Rep. of 
Germany 1977 Security of energy and raw materials 

Preservation of external security 
Improvement of living and working 
conditions

735.1 21.2
757.6 21.8
673.0 19.4

United States 1979 Aircraft and missiles
Electrical equipment and communica
tion
Machinery

8 290.0
4 927.0

5 131.0

15.1
8.9

9.3

France 1975 Aerospace
Electronics

Japan a 1981 Information and computers 
Space development 
Protection of the environment

681.2 63.5
225.8 21.0

982.5 3.6
179.6 1.7
489.9 2.5

Netherlands 1979

United Kingdom 1973/74

Agriculture
Science and general research
Energy

Defence
Aerospace
Atomic energy

89.7
105.2
55.6

174.3
45.7
23.8

17.2
20.2
10.7

46.5 b

12.2
6.4

Sources: UNESCO, National Science and Technology Policies in Europe and North America, 1978, SPSO No. 43 (Paris, 1979); 
Statistical abstract of the United States, 1982-1983.

a Major purpose which is included in all sectors.
b Of total government expenditure on R and D.
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Figure A.III.l (continued)
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Figure A.III.2 Number of scientists and engineers engaged in R and D in Japan

Total 
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Res. institutions 
Universities
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Sources: Survey of R and D in Japan.

Figure A.III.4 R and D expenditure in some industries in Japan
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Table A.IV.1. Brief review of science and technology policy history at the global level

Year Location/organization Key activities Remarks

1560 Italy

1603 Italy

1662 United Kingdom

1665 France

1665 United Kingdom

1666 France

1725 USSR

1739 Sweden

1800 Netherlands

1868 Japan

Academi Secroturm Naturna was formed.

Academica De Lined was formed.

Royal Society was founded.

Publication of Journal de Savants.

Royal Society published Philosophical Transaction 
of Royal Society

Academie de Sciences was founded.

Academy of Science was founded.

Sweden Royal Academy of Sciences was founded.

Royal Netherlands Academy of Arts and Sciences 
was founded.

Meiji Restoration was initiated to modernize Japan.

Where Galileo worked

First R and D institution in the country

First scientific journal, Paris

First R and D academy in France

The Nobel Prize-awarding organization

First modernization effort at the national 
level in Asia

1941 Japan Imperial Academy of Japan was founded.

1945 United States National Science Foundation (NSF) was formed.

1947 United States

1949 OEEC

Steelman published science and public policy to 
advise the President on science policy.

Set up a working party on S and T information, 
which led to the formation of the European Produc
tion Agency and Committee of Applied Research.

1958 India Government proclaimed the scientific policy re
solution.

1958 China Central State Committee initiated the “Great Leap 
Forward”.

Post-war organization of American science 
policy. Key document is Science: Endless 
Frontier by Bush.

Recommended increase in federal support 
of R and D, review and co-ordination

To consider S and T for industrialization 
for post-war development

First national effort in formulating science 
policy

Introduces “walk on two legs” concept, 
namely, R and D and mass mobilization of 
labour

1959 OEEC

1961 OECD

1961 Israel

1961 United States

1963 OECD

1965 UNESCO

1968 UNESCO

Wilgress conducted survey on scientific organizations 
in member countries and published his report.

Secretary-General set up Ad Hoc Advisory Group on 
Science Policy.

Academy of Science and Humanities was formed.

Bureau of Ocean and International Environmental 
Affairs was set up to conduct research on an interna
tional basis.

First Minister’s Meeting on Science Policy was 
organized.

UNESCO organized CASTALA at Santiago.

UNESCO organized CASTASIA I at New Delhi.

Reorganization of OEEC

International co-operation in S and T 
begins to play an important role

First international meet on science policy 
formulation and mutual co-operation

UNESCO’s first effort

Stress on establishing the basic pre
requisites of S and T for development

1970 UNESCO

1972 United States

UNESCO organized MINESPOL I in Paris.

Office of Technology Assessment was set up to 
assess the technology developed.

First formal effort at national level to 
assess and select technology
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Year Location/organization Key activities Remarks

1974

1975

1976

1976

1976

1976

1977

1978

1979

1980

1980

1980

1980

1982

1982

1982

UNESCO

Malaysia

Nepal

UNESCO

United States

United States

Japan

UNESCO

UNIDO

Japan

United States

France

Canada

UNESCO

ESCAP

India

UNESCO organized CASTAFRICA at Dakar.

National Council for Scientific Research and Devel
opment and Standards and Industrial Research Insti
tute were formed.

The National Council of Science and Technology 
was established.

UNESCO organized CASTARAB at Rabat.

Office of Science and Technology was formed.
Policy Organization and Priorities Act was passed

President Ford set up an S and T committee to 
conduct a survey on science policy.

Council of Science and Technology published 
S and T Policy in Long Term Perspectives, which 
outlined the roles and objectives of Japanese S and 
T policy.

UNESCO organized MINESPOL II at Belgrade

UNIDO organized a conference on S and T for world 
development, which resulted in the Vienna Pro
gramme of Action.

Industrial Structure Council published Vision of 
MITI Policies in 1980, which acts as a planning 
document.

NSF published the The Five Year Outlook on S and 
T

Introduced 10-year strategy for french policy.

Issued the first science and technology policy state
ment and proposed the formation of institutional 
mechanisms, of which Science Policy Council is the 
key organization.

UNESCO collaborated with ESCAP to organize 
CASTASIA II at Manila.

ESCAP conducted a survey of S and T development 
in the context of the Vienna Programme of Action.

Meeting of the heads of science and technology 
agencies of developing countries at New Delhi

Eventually led to production of Five Year 
Outlook (1980). S and T report was 
annually prepared by NSF owing to the 
Act.

Later discontinued by President Carter

The first world-wide meeting on S and T 
and related policy. Special attention was 
given to the developing countries.

Viewed future of Japan as a technology
based nation

Presents analysis of science policy issues, 
emphasizing contributions to economic 
and social policy objectives

To improve the economic benefits of S 
and T for the country

To assess development of S and T and its 
role in Asian development. Twin technical 
strategies of technology import and build
ing of national mechanisms of R and D for 
self-reliance

Concluded that most countries in the 
region have established policy-making 
mechanisms but still lack formulation 
capacity

Suggested many measures for strengthen
ing TCDC in science and technology
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Table A.IV.2. Patent and trade-mark legislation of developing countries and areas in Asia and the Pacific

Country or Area Patents Trade Marks

Cook Islands

Afghanistan

Bangladesh

Burma

China

Dem. People’s Rep. of Korea

The patent legislation of New Zealand 
applies

a

Patents and Designs Act, 1911

Burma Patents and Designs (Emergency 
Provisions) Act, 1946

a

Law on Inventions and Innovation, 1978

The trade-mark registration of New Zealand 
applies

Trade Marks Law, 1960

Trade Marks Act, 1940

Trade Mark Law, 1983

Law on Trade Marks and Industrial Designs, 
1968

Fiji

Hong Kong

Patents Ordinance (Cap. 211), 1879, as 
amended up to 1967

United Kingdom Patents Ordinance, 
1932

Trade-marks Act (Cap. 212), 1933, as amended 
up to 1972

Trademarks Ordinance, 1954

India Patents Act, 1970

Indonesia Provisional Patent Regulation, 1953

Trade and Merchandise Marks Act, 1958, as 
amended up to 1970

Trade Mark Law, 1961

Iran Law on the Registration of Trade Marks and Patents, 1931

Kiribati Registration of United Kingdom Patents 
Ordinance

Registration of United Kingdom Trade Marks 
Ordinance, 1939

Malaysia

Mongolia

b

Statute on Discoveries, Inventions and 
Rationalization Proposals, 1970

b

Statute on Trade and Service Marks, 1967

Nauru

Nepal

Niue

Pakistan

Papua New Guinea 

Philippines

Rep. of Korea

Samoa

Singapore

Solomon Islands

Sri Lanka

Thailand

Tokelau

Patent Registration Act, 1973

Patent, Design

The patent legislation of New Zealand 
applies (?)

Patents and Designs Act, 1911, as 
amended up to 1961

a

Act No. 165 of 1947, as amended up to 
1968

Patent Act, 1961, amended up to 1980

Patents Act, 1972

Registration of United Kingdom Patents 
Ordinance 1937-1955; Patents (Com
pulsory Licensing) Act, 1968

Registration of United Kingdom Patents 
Act (Cap. 68)

Code of Intellectual Property Act, 1979

Patent Act, 1979

The patent legislation of New Zealand 
applies

and Trade-mark Act, 1965

The trade-mark legislation of New Zealand 
applies (?)

Trade Marks Act, 1940, as amended up to 1958

Trade Marks Act, 1978

Act No. 166 of 1947, as amended up to 1968

Trade Marks Act, 1949, as amended up to 1980

Trade Marks Act, 1972

Trade Marks Act, 1939

Registration of United Kingdom Trade Marks
Act (Cap. 69)

Trade Mark Act, 1931, as amended up to 1961

The trade-mark legislation of New Zealand 
applies
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Country or Area Patents Trade Marks

Tonga

Tuvalu

Vanuatu

Viet Nam

a

Registration of United Kingdom Patents 
Ordinance (1924)

Registration of United Kingdom Patents 
Regulations, 1973

Decree on Inventions and Innovations, 
1981

Registration of Trade Marks Act, 1939

Registration of United Kingdom Trade Marks 
Ordinance, 1939

Registration of United Kingdom Trade Marks
Regulations, 1973

Regulations on Trade Marics, 1982

Note: Only the main, not subsidiary, legislation, is indicated.
a No legislation exists.
b Malaysia: Patents Act, 1967, Registration of United Kingdom Patents (Amendments) Ordinance, 1951 (amended in 1956 and 1957); 

Trade Marks Ordinance, 1950; Trademarks Act, 1976. Sabah: Registration of United Kingdom Patents Ordinance, 1937 (amended in 1956); 
Trade Marks Ordinance, 1947. Sarawak: Patents Ordinance, 1927; Trade Marks Ordinance, 1957. A new federal patent law is expected to be 
enacted in September.
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Table A.IV.3. Status of science and technology manpower in some ESCAP countries

Sources: SC.82/CASTASIA II/Ref.3;
M. Ahmed, Survey of Science and Technology Development in the ESCAP Region in the Context of the Vienna Programme of Action; 
Lipi, Analisa Kumampuan Sumbir daya dan Kegianta IPTEK di Indonesia (Jakarta, 1983).

Australia 1977 13.9 185 20 624 1 484 31.9 32.7 13.1 6.6 15.8 12 446

Bangladesh 1979 88.6 N.A. 10 256 116 85.2 4.8 2.3 7.8 N.A.

China 1979 970 4 705.1 1 996 200 2 058 11.1 42.1 5.6 15.6 25.5 2 708.9 2 495.0

Fiji 1976 0.59 11.8 4 068 6 895 7.2 40.4 45.2 7.2 N.A.

India 1979 659 762 28 328 43 33.5 37.6 24.6 2.4 1.9 1 323 24 219.0

Indonesia 1982 145 N.A. 15 576 107 29.2 17.8 22.7 7.0 23.2

Japan 1979 116 575 341 000 2 940 21.4 36.4 7.3 17.3 17.6 234 83 000

Malaysia 1980 14.2 340 97 620 6 895 14.3 41.7 2.6 41.4 N.A. 935.5

Nepal 1979 14.7 2.66 597 41 47.9 21.8 12.0 18.3 N.A. 7.25

New Zealand 1979 3.14 22.01 3 998 1 273 30.7 28.2 27.1 9.9 4.0 20.12 2 468

Pakistan 1979 77.86 4 900 4 626 (1974)

Philippines 1979 47.71 128.9 40 433 847 7.2 46.5 8.5 6.9 30.9

Rep. of Korea 1979 37.6 91.8 15 711 418 18.8 47.2 14.1 14.1 5.8 123.6 7 600

Singapore 1978 2.38 N.A. 461 204 29.1 31.0 6.1 18.0 15.8 267

Sri Lanka 1977 13.94 6 488 604 43 35.3 32.9 29.3 2.5 N.A.

Thailand 1978 45.2 N.A. 2 010 44 17.0 11.0 44.8 27.2 N.A.

USSR 1974 252 N.A. 169 700 4 640 20.6 46.8 5.0 3.7 23.9 27 796

Viet Nam 1978 263 (1980) 13 050

Scientists and engineers
Country Year Population 

( millions)
Total stock 
(thousands) Total 

(units)
Total/million 

popul.

Distribution by field of sciences
Natural 
sciences

Engineering 
and 

technology

Agriculture Medical 
sciences

Social, 
Humanities, 

others

Total stock 
(thousands)

Technicians
Engaged in 
R and D
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Figure A.IV.l Scientists and engineers engaged in R and D in some ESCAP countries
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Figure A.IV.1 (continued)
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Figure A.IV.l (continued)
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Figure A.IV.l (continued)
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Source: H. Yoshikawa, “Automation in manufacturing in mechanical 
industry", Beijing International Conference on Science and 
Technology Policy and Research Management, October 1983.

Figure A.IV.2 International comparison of the ratio of university graduates classified by age
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Annex V

TABLES ON GNP AND ECONOMIC STRUCTURE

A.V.l. 1981 GNP of various countries

A.V.2. Sectoral structure of GDP and employment and relative sectoral productivity estimate 
in ESCAP countries or areas
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Country

Australia 
Austria
Belgium 
Canada 
Denmark
Finland
France c

Germany, Fed. 
Rep. of

Italy
Japan 
Netherlands
New Zealand
Norway 
Sweden 
Switzerland

Table A.V.l. 1981 GNP of various countries

GNP in local Exchange GNP in
currency rate billions of
(billions) US dollars

Country GNP in local Exchange
currency rate
(billions)

136.97
1 043.65
3 622

339.06 
402.05 
207.73

2 775.73

1 543.1
398.87

251 259
349.25

28.19 
317.96 
561.49
194.5

United Kingdom 248.65
United States 2 954.1

0.8866
15.885
38.46

1.1859
7.325
4.357
5.748

2.2548
1.20

219.90
2.4685
1.21
5.8075
5.571
1.7985
0.524

154.49
65.70
94.18

285.91
54.89
47.68

482.90

684.36
332.39

1 142.61
141.48
23.24
54.75

100.79
108.15
474.42

2 954.1

Afghanistan 136.7
Bangladesh 194.65a
Bhutan N.A.
Burma 43.058a
China 388.0b

Democratic Kampuchea         N.A.
Fiji 839.5
India 1 476.8
Indonesia 51.58
Iran 6 304.9
Lao PDR N.A.
Malaysia 55.003
Maldives N.A.
Mongolia N.A.
Nauru N.A.
Nepal a 29.073

Pakistan 302.39
Papua New Guinea 1 658
Philippines 303.30
Republic of Korea 42.397
Samoa N.A.

50.60
19.847

7.397
1.7455

0.8409
9.099

644.0
72.316

2.2423

GNP in 
billions of 
US dollars

2.70
9.81

5.82
222.29

1.0
162.30
80.09
87.19

24.53

Source: IMF, International Financial Statistics, October 1983.
a GDP.
b National income.

c From IMF, International Financial Statistics Yearbook.

Singapore 26.39
Solomon Islands N.A.
Sri Lanka 84.465
Thailand 764.38
Tonga N.A.
Viet Nam N.A.

13.20
9.90 
0.6438
8.20

700.50

2.0478

20.55
23.00

2.20
30.54
2.58

36.99
60.52

12.89

4.11
33.23
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Table A.V.2. Sectoral structure of GDP and employment and relative sectoral productivity estimate 
in ESCAP countries or areas

Country or area Percentage of GDP by sectors at 
constant (1975) market prices

Percentage of employment by sectors Productivity by sectors

Year Agriculture Industry Services Year Agriculture Industry ServicesYear Agriculture Industry Services

Afghanistan 1979 54.1 16.3 29.6 1979 61.2 14.0 24.8 1979 0.90 1.17 1.16
Bangladesh 1979 48.5 14.4 37.1 1979 67.5 10.5 22.0 1979 0.73 1.35 1.65
Burma 1979 45.8 11.2 43.0 1980/81 66.8 9.9 23.3 1980 0.69 1.14 1.83
Fiji 1979 26.5 26.4 47.1 1978 5.6a 32.4 61.9 1978 4.66 0.81 0.78
Hong Kong 1979 0.9 32.1 67.0 1981 2.0 49.6 48.4 1980/81 0.45 0.62 1.42
India 1979 37.1 25.4 37.5 1979 53.2 21.7 25.1 1980 0.70 1.14 1.52
Indonesia 1979 27.8 35.1 37.1 1978 60.9 9.3 29.8 1978 0.48 3.82 1.18
Iran 1979 10.9 53.7 35.4 1976 38.1 31.8 30.1 1976 0.24 1.80 1.12
Malaysia 1979 24.0 34.1 41.9 1979 36.5 26.1 37.4 1979 0.66 1.31 1.13
Nepalb 1977 63.3 12.0 24.7 1976 89.9 1.1 9.0
Pakistan 1979 29.5 25.2 45.2 1982 52.6 20.2 27.2 1981 0.56 1.28 1.65
Papua New Guinea 1977 36.7 25.1 38.2
Philippines 1979 27.9 36.6 35.5 1978 52.2 15.1 32.7 1978 0.54 2.40 1.09
Republic of Korea 1979 18.1 42.2 39.7 1981 34.1 27.7 38.2 1980/81 0.46 1.56 1.08
Singapore 1979 1.6 35.8 62.7 1980 1.6 37.6 60.8 1980 0.88 0.96 1.02
Sri Lanka 1979 36.8 20.7 42.5 1979 47.3 18.0 34.7 1980 0.76 1.17 1.24
Thailand 1979 27.4 29.6 42.9 1980 70.8 10.3 18.9 1980 0.38 2.95 2.29
Mongolia 1980 15.4 35.3 49.3 1978 42.5 21.4 36.1 1078 0.47 1.47 1.35
Australia 1979 6.2 37.5 56.3 1978 6.3 34.3 58.3 1978 1.10 1.17 0.93
Japan 1979 4.2 44.4 51.4 1980 10.9 34.1 55.0 1980 0.35 1.26 0.98
New Zealand 1979 11.4 28.4 60.2 1980 10.9 33.3 55.8 1980 1.06 0.83 1.09

Source: ESCAP.
a Share of agriculture underrated owing to methods of data collection.

GDP at current market prices.



Annex VI

TABLES ON AGRICULTURAL TECHNOLOGIES

A.VI.l. Production, import and export of chemical fertilizers in selected countries in the ESCAP 
region

A.VL2. Average annual compound growth rates of fertilizer imports and import dependency 
of selected countries in the ESCAP region

A.VI.3. Changes in total fertilizer nutrient consumption, 1969-1982

A.VI.4. Import of chemical fertilizers of ESCAP member countries by origin

A.VI.5. Estimated per ha input of human, animal and mechanical power in rice and wheat
production in selected ESCAP countries

A.VI.6. Production and utilization of farm machinery in selected countries in the ESCAP region

A.VI.7. Irrigated land area in selected ESCAP countries
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Table A.VI.l Production, impart and export of chemical fertilizers in selected
countries in the ESCAP region

(Thousands of tonnes)

Country
1975 1981

Production Import Export Production Import Export

South Asia
Bangladesh 154 158 0 193.4a 175.7a 19.la

India 1 828 1635 0 4 093.0 2 042.0 0
Nepal 0 2 0 0 13.9 0
Pakistan 327 183 0 639.0 711 0
Sri Lanka 0 80 0 4.6 109.8 0

South-East Asia
Indonesia 208 260 0 1 227.7 361.9 17.9
Malaysia 55 220 6 62.1a 453.9a 0a

Philippines 93 89 0 69.3 166.8 0
Thailand 4 176 0 0 323.9 0

East Asia and Pacific
China 5 560 1 356 0 12 689.0 2 107 0
Rep. of Korea 771 263 8 1 182.0a 170a 362a
Papua New Guinea 0 6 0 0 5.4a 0

Sources: 1975 : FAO, Fertilizer Year Book;
1981 : ESCAP, Agro-Chemicals Fertilizers and Agro-Pesticides News In Brief. 
a 1980.
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Table A.VI.2 Average annual compound growth rates of 
fertilizer imports and import dependency of 

selected countries in the ESCAP region

Country
Growth rate Dependency rate 
1970-1980 1980-1981

South Asia 

Bangladesh 

India

Nepal 

Pakistan 

Sri Lanka 

Unweighted mean

South-East Asia 

Indonesia 

Malaysia 

Philippines 

Thailand 

Unweighted mean

East Asia and Pacific 

China

Rep. of Korea 

Papua New Guinea

102

15.9

17.4

18.3

4.2

13.2

9.5

19.3

9.7

15.6 

10.82

4.5

16.5

10.4

34.3

52.3

100.0

70.6

100.0
71.44

25.0

86.3

822

100.0

58.7

182

20.6 

N.A.

Source: Proceedings of the Regional Workshop on Import Pro
curement of Chemical Fertilizers for Asia and the Pacific, 
1982, tables 1 and 2.

Table A.VI. 3 Changes in total fertilizer nutrient consumption, 1969-1982
(Thousands of tonnes)

Country

Kilograms
Total Total Total per hectare of

average level average level average annual arable land
1969-1971 1979-1981 percentage growth

1970s 1969-1971 1979-1981 

(Percentage)
South Ash 

Bangladesh 

Indh 

Nepal 

Pakistan 

Sri Lanka

South-East Ash 

Indonesia 

Malaysia 

Philippines 

Thailand

East Ash and Pacific 

China

Rep. of Korea 

Papua New Guinea

Total world

129 415 12.4 14 45

1 868 5 386 11.2 11 30

6 22 13.9 3 9

324 1 062 12.6 17 51

98 153 4.6 50 74

215 1 043 17.1 12 54

172 444 99 44 104

204 338 52 21 34

105 265 9.7 8 17

4 271 14 208 12.8 42 142

565 838 4.0 247 380

N.A. N.A. N.A. N.A. N.A.

68 520 114 246 52 49 79

Source: ESCAP, Agro-Chemicals Fertilizers and Agro-Pesticides News in Brief
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Table A.VI.4 Impart of chemical fertilizers of ESCAP member countries by origin

Importer
Country or area 
of origin

World

Developing countries 

Asia-Pacific

Percentage share 

Burma

Bangladesh

Indonesia

Malaysia

Republic of Korea

Singapore

Hong Kong

Japan

Australia

Percentage share total 

Asia-Pacific

EEC

North America

Africa

Middle East

Centrally planned

Economies

India Pakistan Bangladesh Nepal Sri Lanka Indonesia Malaysia Thailand Philippines Rep. of Korea

1978 1979 1978 1981 1978 1979 1980 1980 1981 1980 1981 1978 1980 1979 1980 1979 1980 1978 1980

2 993.3 2 102.6 1 456.9 576.6 988.0 819.0 57.2 375.9 282.2 367.6 1 007.3 615.0 961.0 881.4 695.0 727.0 872.0 286.0 261.8

98.7 252 20.4 8.6 13.3 7.9 74.2 69.0 63.4 208.8 60.0 29.6 282 7.0 341.8 358.0

32 12 33 9.7 16.2 13.8 19.7 243 172 20.7 9.8 3.1 3.3 1.0 47.0 41.0

10.9

12.7 33 7.9 3.0

90.0 11.9 3.4 3.2 8.1 37.8 79.3

0.3 4^

6.7 6.7 0.4 6.8 73 4.4 55.2 65.8 48.0 203.4 42.0 14.1 172 7.0 211.6 274.5

73 1.8 1.6 11.0 6.0 5.4 2.1 3.1 0.3

6.0 03 1.6

67.6 0.8 23.1 5.0 02 4.0 18.1 68.3 86.8 15.0 18.8 61.9 49.0 139.2 134.4 119.6 66.6 18.6 2.3

03 A^ 6.8 2.0 0.1

53 1.3 1.6 4.4 103 21.1 45.4 37.9 55.2 23.1 22.6 19.8 8.1 19.4 20.3 63.4 49.6 83 03

808.2 362.1 315.1 160.0 42 2.8 12.6 512 146.6 333.9 196.0 337.6 252.1 193.3 10.9 45.1 23.0 27^

1 007.8

11.0

295.9

686.6

953.8

17.3

256.9

422.3

462.6

383.9

172.6

59.6

64.6

136.2

14.1

9.6

26.1

0.7

25.6

4.3

21.9

1.4

2.4 64.9

60.4

423

163

373

10.7

11.3

15.6

63.8

11.4

42.1

15.9

230.1

36.7

34.1

100.6

163.6

22.0

383

54.9

285.3

23.4

45.2

169.2

220.3

50.0

196.8

108.3

163.3

11.0

62.4

333.8

11.0

162.7

216.3 217.4

Source: ESCAP, Agro-Chemicals Fertilizers and Agro-Pesticides News In Brief.
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Table A.VI.5 Estimated per ha input of human, animal and mechanical power in 
rice and wheat production in selected ESCAP countries

(Hours)

Country
1965 1978

Human 
labour

Animal 
labour

Mechanical 
power

Human 
labour

Animal 
labour

Mechanical 
power

India 1218 230 120

Rice

1 285 125 113.0
Nepal 1200 212 0 1448 304 2.0
Pakistan 619 312 0 637 128 5.8
Philippines 564 200 42 640 136 45.0
Rep. of Korea 1 356 92 4 937 56 48.0
Thailand 490 170 10 462 147 30.0

India 655 172 60

Wheat

531 0 101.0
Nepal 779 242 0 822 252 2.0
Pakistan 367 290 .35 303 165 9.0

Source: Asian Productivity Organization, Farm Mechanization in Asia (1983).
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Table A.VI.6 Production and utilization of farm machinery in selected countries in the ESCAP region
(Units)

Country 
and 
years

Motors Engines Power tillers 4-wheel tractors

Locally 
made

Locally Imported 
made

Locally Imported 
made

Locally Imported 
made

Power sprayers/ 
dusters

Power threshers Pumpsets

Locally 
made

Locally Imported 
made

India
1969/70 
1976/77

Nepal 
1970/71 
1977/78

Pakistan 
1972 
1978/79

Philippines 
1970 
1978

Rep. of Korea 

1970 
1979

Thailand

1970

1979

0.71 a 88 855 314 18 120 10 478 50 000b 30 000 350 000
1.1 a 161900 1 758 33 146 8 548 50 000b 40,000 350 000

48 318 485
86 64 1 100

53 580 89 378 31 869 285 1408 1 408

71077 107 406 74 041 3 238 15 600 15 600

850 85 900 974 55 80 60 250 2 000

40 562 6 278 1 676 1 286 37 1 500 10 1600 1 800

4 774 25 556 3 547 22 392

67 761 604 74 957 11618 29 831

48 234 14 400 895 688 2 000 5 796 136 686

159 365 54 124 4 920 3 559 6 106 32 059 700 40 000 281 668

Source: Asian Productivity Organization, Farm Mechanization in Asia (1983).
a Million hp.
b Includes power and manual types.

Locally 
made

Imported Imported



Country

South Asia

Bangladesh 

India 

Nepal 

Pakistan 

Sri Lanka

Table A .VI.7 Irrigated land area in selected ESCAP countries
(Thousands of ha)

1969-1971

9 089 9 145 1 054 1 620 11.6

164 690 169 130 30183 39 350 18.3

1 935 2 316 116 230 6.0

1 979 2 143 436 525 22.0

17.7

23.3

9.9

70.4

24.0

South-East Asia 

Indonesia 

Malaysia 

Philippines 

Thailand

East Asia and Pacific 

China

Rep. of Korea 

Papua New Guinea

AU developing members

18 047 19 500 4 371

3 950 4 310 243

9 557 9 920 830

13 749 17 970 1 965

102 233 99 200 42 000

2 294 2 196 993

347 366 N.A.

5 418 24.2 27.8

370 6.2 8.6

1 300 8.7 13.1

2 650 14.4 14.6

46 000 41.1 46.4

1 115 43.3 52.4

N.A. N.A. N.A.

18.3 30.7

53.7

30.4

98.3

10.8

20.4

24.0

52.3 

56.7 

34.9

9.5

15.8 

NA.

Source: FAO, Production Year Book.
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1981 1969-1971 1980 1969-1971 1980 1969-1980

Arable land 
(1)

Irrigated land 
(2)

Ratio(2)  (1)
Increase in 

irrigated land

19 282 20 320 12 904 14 300 66.9
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Table A. VII.I Share of road transport in selected developing countries and areas of the ESCAP region

Country Freight transport Average annual growth

Million ton-kilometres Share (percentage) Million ton-kilometres Share (percentage) rate (percentage)

Afghanistan 

Nepal 
Pakistan 
Philippines

2 375 (1975)

868 (1975)

8 050 (1971/72)
3 520 (1970)

100
93
51
57

2 910(1978) 100

1 437 (1978) 89

13 360 (1977/78) 62
7 170 (1980) 44

7.0
18.3

8.8
7.4

Sources : Afghanistan, Nepal : 1RF, World Road Statistics: 
Pakistan, Philippines: World Bank staff appraisal report.

Country Passenger transport

or area Million passenger-km Share (percentage) Million passenger-km Share (percentage)

A verage annual growth 

rate (percentage)

Burma a 496 (1974)

Hong Kong 14 292 (1971) 99

Nepal 3 956 (1975) 96
Pakistan 36 540 (1971/72) 79
Philippines 15 650 (1970) 82
Sri Lankaa 14 004 (1972) 82

1 153 (1978) - 23.5
18 523 (1978) 98 3.8

5 731 (1978) 96 13.2
64 410 (1977/78) 80 9.9

31 440 (1980) 78 7.2
17 827 (1978) 83b 4.1

Sources: Burma: IRU, World Transport Data.
Hong Kong, Nepal: IRF, World Road Statistics.
Pakistan, Philippines, Sri Lanka: World Bank staff appraisal report.

a Buses only.
b Railway.

Table A.VII.2 Volume of traffic, 1979

Freight Passengers

Country 
or area

Total 
ton-km 

(millions)

By popu
lation 

(ton-km per 
person)

Share 
of roads 

(percentage)

Total 
(in million 
passen- 

ger-km)

By population 
(passenger-km 
per person)

Share 
of roads 

(percentage)

Australia 116 533

Bangladesh 2 555

Hong Kong 66
Indonesia 9 380
Japan 434 886
Malaysia 1 371
Papua New Guinea 1 721
Republic of Korea 18 289
Sri Lanka -
Thailand 21 248

8 081

29
14

65
3 753

124
585
486

457

41 9 360 649
30 26 911 311 54

21 795 4 466 98
87 51 870 360 85

40 777 287 6 708 55
2 249 204

100 3 427 1 166 92
37 35 371 941 38

23 849 1 618 84
80 7 289 157

Source: Replies to ESCAP questionnaire.
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Table A.VII.3 Road network

Country 
or area

Population 
(thousands)

Area 
(km2)

Total length of roads Paved length

Paved ratio 
(percentage)

YearKilometres By 
population 
(m/person)

By area 
(m/km2)

Kilometres By 
population 
(m/person)

By area
(m/km2)

Afghanistan 13 050 647 497 18 790 1.44 29 2 784 0.21 4.3 15 1979
Bangladesh 86 640 143 998 141 147 1.63 980 6 823 0.079 47.4 5
Bhutan 1 070 47 000 1 200 1.12 26 1971
Brunei 210 5 765 781 3.72 135 589 2.80 102 75
Burma 82 210 676 577 22 471 0.70 33 8 206 0.25 12 37 1978
China 1 007 760 99 596 961 900 000 0.89 94 165 000 0.16 17 18 1981
Democratic

Kampuchea
7 710 181 035 15 029 1.95 83 2 600 0.34 14 17 1973

Hong Kong 4 880 1 050 1 147 0.24 1 092 1 147 0.24 1 092 100
India 613 270 3 287 782 1 367 400 2.23 416 538 300 0.88 164 39 1976
Indonesia 144 060 1 904 569 105 590 0.73 55 53 203 0.37 28 50
Iran 32 040 1 648 000 50 000 1.56 30 14 000 0.44 8.5 28 1974
Japan 115 870 377 682 1 106 139 9.55 2 929 171 922 1.48 455 16
Lao People’s 

Democratic 
Republic

3 260 236 800 7 395 2.27 31 622 0.19 2.6 8 1974

Malaysia 13 300 329 749 29 484 2.22 89 23 450 1.76 71 80
Maldives 149 298
Mongolia 1 620 1 565 000

Nepal 13 710 140 797 4 652 0.34 33 1 890 0.14 13 41 1979
Pakistan 79 080 796 095 38 405 0.49 48 24 568 0.31 31 64 1979
Philippines 46 580 300 000 149 384 3.21 498 21 334 0.46 71 14
Republic of Korea 37 600 98 807 46 333 1.23 469 14 278 0.38 145 31
Singapore 2 380 586 2 284 0.96 3 898 1 928 0.81 3 290 84
Sri Lanka 14 470 65 610 80 564 5.37 1 228 19 574 1.31 298 24 1981
Thailand 46 490 514 000 135 518 2.91 264 21 588 0.46 42 16
Viet Nam 51 080 329 566
Australia 14 420 7 682 000 864 007 60.0 112 222 557 15.0 29.0 26
Cook Islands 19.2 236 260.7 14.0 1 105 19.3 1.01 82.0 7 1974
Fiji 565 18 272 2 828 5.01 155 278 0.49 15.0 10 1974
Guam

Kiribati 57.3 712

Nauru 7.3 21 19.2 2.63 914 1977

New Zealand 3 100 269 057 96 530 31.0 359 46 890 15.0 174.0 49 1979
Niue 3.6 259 145 40.3 560 12 3.33 46.3 1
Papua 

New Guinea
2 940 461 691 18 545 6.31 40 937 0.32 2.0 5

Samoa 155 2 842 1 499 9.67 527 208 1.34 73.0 14
Solomon Islands 225 28 796 1 300 5.78 45 1980
Tonga 95.7 699
Trust 

Territory of 
the Pacific 
Islands

120 1 779 535 4.46 301 64 0.53 36.0 12 1977

Tuvalu 7.4 25.7

Vanuatu 115 14 763 1 062 9.23 72 50 0.43 3.4 5
France 53 480 547 026 802 896 15.0 1 468 738 146 14.0 1 349.0 92 1979
Netherlands 13 940 40 844 90 631 6.50 2 219 90 631 6.50 2 219.0 100 1978
United 

Kingdom
54 338 229 898 350 792 6.46 1 526 338 163 6.22 1 471.0 96 1979

United States 
of America

218 720 9 363 123 6 251 692 29.00 668 5 126 387 23.00 548.0 82 1978
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Country or area

Bangaldesha, b

Brunei

Burma

Fiji
Hong Kong
India
Indonesia
Iran

Malaysia
Nepal
Papua New Guinea

Pakistan

Philippines
Republic of Korea 

 Samoa b
Singapore

Sri Lanka
Thailand b

Developing ESCAP region

Australia
Japan
New Zealand

Developed ESCAP region

Europe h

Table A.VII. 4 Trends in the development of four-wheeled vehicles in use in 
selected ESCAP countries and areas (Thousands of vehicles)

1970 1974 1978 1980

23.6C 32.8 38.1d 62.2e

12.9 23.4 40.4 50.6

60.8 75.6 82.2 87.7

15.7 24.0 32.4 38.9
126.3 166.3 206.8 269.3

1 041.1 1 296.9 1 605.3 1 734.2e

364.8 535.7 930.5 1 199.6

351.7 584.5 1 136.7d

349.1 566.0 869.9 1 150.9
16.8b 26.8

31.8 35.6 41.4 47.4

218.1 276.1 366.3 417.9e

458.6 609.8 728.9 915.1e

125.4 173.4 377.4 518.5

1.8 3.4 3.6 4.2e

184.6 190.2 207.9 249.0

132.6 132.3 160.5 217.8g

347.5 546.4 734.0 818.1e

4 154.0 5 570.0 7 988.0 8 457.0e

4 870.0 5 860.7

17 573.0 26 350.0
1 072.9 1 331.8

23 515.9 33 542.5

79 170.0 99 490.0

6 884.1 7 262.9

33 440.0 36 852.0
1 501.3 1 589.2

41 825.4 45 704.1

117 280.0

A verage percentage annual 
growth rate between 1970 

and latest year

12.9
14.6
3.7

9.5

7.9
5.8

12.6
18.2
12.7

9.8
4.1

7.5
8.0

15.3

9.9
3.0

4.6
10.0

8.2

4.1

7.7
4.0

6.9

5.0

1978/1970
(percentage)

190

180

150

Source: Statistical Yearbook for Asia and the Pacific.
a Source: Statistical Yearbook of Bangladesh.
b Source: reply to the questionnaire (figures as of 1979 only).

c 1971.
d 1977.

e 1979.
f 1973.
g 

h
Source: reply to the questionnaire as of 1981.
Source: Statistical Yearbook, 1979 and 1980.
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Table A.VII.5 Trends in the development of motor vehicles by type
(Thousands of vehicles)

Average
1970 1978 Percentage annual

share growth
in 1978 rate 

(percentage)

Developing 

ESCAP 

region

Developed 

ESCAP 

region

Europe c

Total 4 154 7 988 100 83

Passenger cars a 2 685 4 929 62 7.9
Commercial vehicles b 1469 3 059 38 9.6

Total 23 516 41825 100 73

Passenger cars 13 622 28 050 67 9.4

Commercial vehicles 9 895 13 775 33 4.2

Total 79 170 117 280 100 5.0

Passenger cars 68 100 103 820 89 5.4

Commercial vehicles 11 070 13 460 11 23

Source: Statistical Yearbook for Asia and the Pacific.

a Including motor cars seating less than eight persons, taxis, jeeps and station wagons, 

b Including lorries (trucks), buses, tractors and semi-trailor combinations.

c Source. United Nations, Statistical Yearbook.
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Table A.VII.6 Vehicle fleets

Afghanistan 77 688 6.1 4.2 67 583 5.3 3.6 41 19 1978 (4)

Bangladesh 111  602 1.3 0.8 62 192 0.7 0.4 110 6 1979 (1)

Bhutan 700 0.7 0.6 1971 (3)

Brunei 47 407 226 61 45 094 215 58 13 1979 (1)

Burma 85 000 2.6 3.8 97 19 1979 (3), GDP, RL: 1978

China 374 400 0.4 0.4 1 727 1977 (6), RL: 1979

Democratic 38 300 5.1 2.5 68 1972 (3)

Kampuchea

Hong Kong 262 940 54 229 239 644 49 209 4.8 1979 (1)

India 2 842 458 4.5 2.1 1526 661 2.4 1.1 353 14 1977 (4), RL: 1976

Indonesia 3 297 720 23 31 1 031 537 7.2 9.8 52 21 1979 (1)

Iran 1 136 700 33 23 12 15 1977 (3), RL: 1974

Japan 48 355 571 417 44 36 368 356 314 33 4.7 40 1979 (1)

Lao People's 16 600 5.1 2.2 37 1974 (3)

Democratic

Republic

Malaysia 2 177 633 164 74 940 516 71 32 25 48 1979 (1)

Nepal 39 561 2.9 8.6 26 839 2.0 5.8 69 16 1978 (4)

Pakistan 1 015 861 13 26 417 893 5.3 11 59 18 1979 (2)

Philippines 1 164 652 25 7.8 915 094 20 6.1 23 32 1979 (1)

Republic 676 354 18 15 494 378 13 11 29 8 1979 (1)

of Korea

Singapore 335 143 141 147 227 092 95 99 8.5 25 1979 (1)

Sri Lanka 314 626 21 3.9 217 775 15 2.7 90 57 1981 (1), GDP: 1980

Thailand 1583 245 34 12 818 096 18 6.0 26 30 1979 (1)

Country 
or area

Total vehicles

Units
Per 

thousand 
of the 
total 

population

Per 
km 
of 

road 
length

Units

Number of four-wheelers

Per 
thousand 
of the 

population

Per 
km of 
road 

length

Paved 
length per 

vehicle 
(m/unit)

Per 
million 

($US) GDP

Year and source
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Table A.VII.6 (continued)

States

Country 
or area

Total vehicles Number of four-wheelers

Year and sourceUnits
Per 

thousand 
of the 
total 

population

Per 
km 
of 

road 
length

Units
Per 

thousand 
of the 

population

Per 
km of 
road 

length

Paved 
length per 

vehicle 
(m/unit)

Per 
million 

($US) GDP

Australia 7 3 74 694 511 85 7 086 378 491 8.2 31 63 1979 (1)

Cook Islands 932 51 3.6 21 1975 (3), RL: 1974

Fiji 35 700 58 13 7.8 36 1979 (3), RL: 1974

Kiribati 452 7.7 9 1974 (3)

Nauru 1 761 241 92 1977 (6)
New Zealand 1 641 152 529 17 1 529 354 493 16 31 74 1979 (4)
Niue 1 022 319 7.0 373 117 2.6 32 1981 (1), RL: 1979

Papua 47 436 16 2.6 44 576 15 2.4 21 19 1979 (1)
New Guinea

Samoa 4 366 28 2.9 4 245 27 2.8 49 1979 (1)
Solomon 2412 11 1.9 2 124 9.4 1.6 15 1980 (2)

Islands

Tonga 2 083 22 1979 (3)
Trust 8 239 69 15 7.8 1976 (3), RL: 1977

Territory of

the Pacific

Islands

Vanuatu 5 043 44 4.8 4 809 42 4.5 10 1980 (1)
France 25 708 270 481 32 20 578 270 385 26 36 39 1979 (5)
Netherlands 5 510 800 395 61 4 417 800 317 49 21 31 1978 (5)
United 18 601 000 342 53 17 272 000a 318 49 20 48 1979 (5), Great Britain,

Kingdom small -wheeled vehicles

included
United 153 229 149 700 25 148 087 192 677 24 35 70 1978 (5)

Sources: (1) Replies to the questionnaire.
(2) Yearbook or development plan of each country.
(3) Statistical Yearbook for Asia and the Pacific.
(4) IRF, World Road Statistics, 1980.
 (5) ECE, Annual Bulletin of Transport Statistics for Europe, 1979/l980.
(6) IRU, World Transport Data, 1980.

Note: RL: road length and paved length.
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Country or area

Table A.VII.7 Railway network density

Route length 
(km)

 Land area b 
(km2)

Density of railway 
network (route km 
per km2 of land area)

Australia 40 753

Bangladesh 2 874

Burma 3 127

China 49 808
Democratic Kampuchea c 649

Hong Kong 33-5
India c 61 239.67

Indonesia 6 999

Iran 4 617
Japan 21 322
Malaysia 1665

Mongolia 1421

Nepal 63
New Zealand 4 595
Pakistan c 8 823

Philippines 1060
Republic of Korea                                   3 121.3
Sri Lanka c 1 453

Thailand 3 735

Viet Nam 2 600
France d 34159

7 682 000

143 998
676 577

9 596 961
181 035

1 050
3 287 782
1 904 569

1 648 000
377 600
131 588

1 565 000

140 797
269 057
796 095
300 000
98 807

65 610

514 000

329 566
547 026

0.0053

0.0199

0.0052

0.0036
0.0317

0.0186
0.0037
0.0028
0.0565
0.0127
0.0009
0.0004

0.0171

0.0110
0.0035
0.0325

0.0221

0.0073
0.0078
0.0624

a Jane’s World Railways, 1979-1980 (London).
b Asia Yearbook, 1980 and Statistical Year Book for Asia and the Pacific, 1979, (United Nations publica
tion, Sales No. E.80.II.F.11).
c IRGM-82.
d Annual Bulletin of Transport Statistics for Europe, 1977 (United Nations publication, Sales No. E/F/R.
78.II.E.22).
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Country or area
Tons carried 

per year 
(thousands)

Table A. VII.8 Traffic and operations: railway freight traffic

Ton-km 
per year 

(millions)

Wagon km 
per year 

(thousands)

Average 
haul 

per ton 
(km)

A verage train 
load (ton)

A verage daily 
run of 

wagons (km)
Number of 

trains 
daily

Thousand of 
wagons 
(days)

Source of 
informa- 

tiona

a See ESCAP document TRANS/MMRR/1. 
b Conventional line.
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Australia
National Railways 
New South Wales 
Queensland
Victoria
Western Australia

3 630
33 300
38 440
11 100
19 288

2 609

11 464
3 100
4 179

718
JWR/80 
a-1298

279
217

369

Bangladesh
Total 3 242 836.3 82 472 268 450 15.7 62.6 B6-1
Broad gauge 1 271 247 21 163 15.5 17.7
Metre gauge 1 971 589.8 61 309 47.1 23.7

Burma 2 119 509 240 550 60 BM-1,2
China 1 085 840 570 732 526 1994 1 400 3.02 IRGM-82

Democratic Kampuchea 117.5 10 JWR/80

Hong Kong 1 870 66 34 SY/79

India (1980-81)
Total 244 800 158474 13 417 000 685 765 IRGM-82
Broad gauge 974 884 83.0 13.3
Metre gauge (prov. 1981/82) (1980/81) 543 487 47.8 14.1

Indonesia 2 398 854 356 SW/79
JWR/80

Iran 7 950 4 083 667 IR-1

Japan 117 896 36 688 3 047 438 311 260 80 3 744b J-1,J-5

Malaysia 6 502 2 068 199 JWR/80
• SY/79

Mongolia 2 738 JWR/80

Nepal 50 2.3 46 130

New Zealand 12 577 8 386 667 SY/79

Pakistan 11 371 7 918 680 644 705 582 54.1 171 14.7 IRGM-82
(1980-81)

Philippines 210 50 3 200 238 540 8.0 100 10 PP-1,2

Republic of Korea 49 000 10 800 434 882 220 1 350 71.3 584 5.02 PK-3
IRGM-82

Sri Lanka 1 600 218.8 136.7 51 IRGM-82

Thailand 6 300 2 747 392 940 441 357 99 72 7.2 RA-1,2

Viet Nam 8 670 995 150 66 VN-1



Country or area

Table A.VII.9. Traffic and operations: railway passenger traffic

Passengers 
carried 

per year 
(thousands)

Passenger-km 
per year 

(millions)

Daily run 
of coaches 

(km)

Daily 
number of 

trains

A verage speed of 
passenger trains 

(km/h)

Average 
Journey 

(km)

Source of 
information a

a See ESCAP document TRANS/MMRR/1. 
b Including commuter traffic.
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Australia
National Railways 213
New South Wales 138 000 JWR-80
Queensland 29 482 A-l
Victoria 112 000 2 390 21
Western Australia 233 700 98.3 42

Bangladesh 58
Broad gauge 86.4
Metre gauge 254.8
Total 88 500 5 102 194 341.1 8.1 BG-1

Burma 48 929 3 126 38 48 64 BM-1,2

China 912 460 138 037 43.4 151 IRGM-82

Democratic Kampuchea 54 SY/79

Hong Kong 16 401 336.2 21 TWR/80

India IRGM-82

Broad gauge 2 897 154 4 387 25.8

Metre gauge 669 272 1663 17.7

Narrow gauge 46 027
Total 3 612 453 208 558 573 6 050° 52

Sri Lanka 70 000 2 985 335 42 IRGM-82

Thailand 64 398 7 029 634 141 80 109 TA-1

Viet Nam 49 000 4 609 32 74 VN-1



Country or area Steam a

Table A.VII.10. Locomotives

Electric
Information 

source b

a Figures in parentheses indicate number in service. 
b See ESCAP document TRANS/MMRR/1.

Hydraulic
Diesel 

Mechanical Total 
number a

A verage 
age

Number
Electric

Average 
age

On book
Grand total

In 
service

Australia
(Broad gauge 101

National Railways (Standard gauge 102
(Narrow gauge 109

New South Wales 496 46
Queensland 474 73 3

Victoria (1 435 mm 16
(1 600 mm 10 251 29 35

Western Australia 2 428 93 523 7

Bangladesh (Broad gauge 
(Metregauge

68
129

44 (144) 112)
277) 265 BG-1

Burma 159 126 93 219 378 BM-1

China

Democratic Kampuchea

Hong Kong

India 8 082 2 126 944 11 152 IND-1

Indonesia

Iran 360 360 360 IR-1

Japan (Metre gauge
(Standard gauge

5 37 2 049 0 2 086 11.1 1 856 14.7 3 970 IRGM-82
23 23

Malaysia 6 136 142 M-2

Mongolia

Nepal

New Zealand (1 067 mm 2 164 NZ-1
(1 435 mm — 44

(Broad gauge 411 486 29 1 003 JWR-80
Pakistan (Metre gauge 36

(Narrow gauge 41

Philippines 93 93 93 81 PP-2
(81)

Republic of Korea 20 431 431 90 541 521 IRGM-82
(not in service)

Sri Lanka (Broad gauge 3 83 88 171 174 IRGM-82
(Narrow gauge 11 6 2 8 19

Thailand 39 173 67 240 279 229 TA-1
(39) (190)

Viet Nam
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Table A.VII.l1. Passenger coaches

Country or area

Informatip 
source6

n

a Figures in parentheses indicate number in service.
b See ESCAP document TRANS/MMRR/1.

1 059 
(924)

Diesel Electric

Rail cars

Total 
number#

A verage 
age

Passenger

Passenger coaches

Others Total 
number

Average 
age

On 
book

Grand total

In 
service

Australia
National Railways

Broad gauge 
Standard gauge 
Narrow gauge

91 
160

18
New South Wales 157 1 335 1492 615 105
Queensland 68 72 79 1 098
Victoria 1 435 mm

1 602 mm 8 10
327 493

Western Australia 3

Bangladesh Broad gauge 
Metre gauge 12 12

370 
1 000

84 
159

454)
1 259)

454)
1 271) 1466

BG-I

Burma 921 442 1 343 1 343 BM-1

China

Democratic Kampuchea

Hong Kong

India — 2 412 2412 26 902 8 328 35 230 37 643 IND-1

Indonesia

Iran 434 100 534 534 IR-1

Japan Metre gauge 
Standard gauge

5 038 15 281
2415

20 319 
2415

11.8 4931 1 245 6 176 19.2 28 910 IRGM-82

Malaysia 334 334 334 M-2

Mongolia

Nepal

New Zealand 1 067 mm
1 435 mm

42
5

324
137

59 
1

383
138

425
143

NZ-1

Pakistan Broad gauge 
Metre gauge 
Narrow gauge

2 011) 
101)2 222 
110)

706) 
30)779 
43)

3 001 JWR-80

Philippines 124 124(109) 182 66 248 372 PP-2

Republic of Korea 126 340 466 1899 397 2 296 2 762 IRGM-82

Sri Lanka Broad gauge 
Narrow gauge

52 52 1 168
73

317
26

1 485 
99

1 537
99

IRGM-82

Thailand 88 98(92) 762 297 1 059 1 157 1 016 TA-1
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Table A.V1I.12. Freight cars

Country or area Covered Open Flat Tank Refrigerated Others On book
Information 

source
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a See ESCAP document TRANS/MMRR/1.

Australia
National Railways

Broad gauge 3 713
Standard gauge 1 598
Narrow gauge 2 755

New South Wales 2 535 9 699 150 469 12 853

Queensland 7 170 13 499 340 63 20 992

Victoria 1 435 mm
1 600 mm 3 569 6 682 1 113 79 31

Western Australia 20 111

Bangladesh Broad gauge 3 194 723 54 186 95 1 252 BG-1
Metre gauge 9 756 926 372 605 446 12 105

Burma 5 492 2 035 196 1 442 9 165 BM-1

China

Democratic Kampuchea

Hong Kong

India 53.7 31.6 14.7 401 380 IND-1
per cent per cent per cent

Indonesia

Iran 3 730 1 207 464 2 657 15 1 209 9 282 IR-1

Japan 60 800 19 483 1 719 20 1 629 15911 99 562 15.4 IRGM-82

Malaysia 1 738 1 044 808 1449 5 039 M-2

Mongolia

Nepal

New Zealand 1 367 mm 9 8 864 NZ-1
1 435 mm 1 331

Pakistan Broad gauge 34 725
Metre gauge 982 36 235 JWR-80
Narrow gauge 521

Philippines 351 440 117 1 244 1 153 PP-2

Republic of Korea 5 085 7 043 830 2 861 33 713 16 565 IRGM-82

Sri Lanka Broad gauge 285 3 586 3 871 2 189 IRGM-82

Thailand 4 628 4 509 9 137 7 506 TA-1

Viet Nam

Grand total 

A verage age In service



Table A.VII.13. Growth of ESCAP merchant fleets
(Percentage of world totals)

Number of vessels Gross registered tonnage Deadweight capacity
Year ESCAP A/NZ/Ja Developing ESCAP A/NF/Ja Developing ESCAP A/NZ/Ja Developing

1974 24.0 17.1 6.9 17.8 12.9 4.9 17.3 12.9 4.4
1975 24.5 16.7 7.8 17.2 12.0 5.2 16.8 12.0 4.8
1976 24.0 15.6 8.4 17.5 11.5 6.0 17.2 11.6 5.6
1977 24.1 15.0 9.1 17.3 10.6 6.7 16.8 10.5 6.3
1978 24.1 14.3 9.8 17.4 10.1 7.3 16.8 10.0 6.8
1979 25.2 14.8 10.4 18.4 10.2 8.2 17.8 10.1 7.7
1980 25.8 15.1 10.7 18.7 10.2 8.5 18.1 10.1 8.0
1981 26.3 15.0 11.3 19.4 10.2 9.2 18.7 10.1 8.6
1982 26.8 15.1 11.7 20.2 10.3 9.9 19.6 10.2 9.4

Source: Statistical tables, Lloyds Register of Shipping.
a A/NZ/J = Australia/New Zealand/Japan as ESCAP developed countries.

Average GRT size per fleet unit
(Indexed on 1974 non-ESCAP average of 100)

Year Non-ESCAP ESCAP A/NZ/J ESCAP developing

1974 100 68 69 66
1975 109 70 71 66
1976 111 75 74 73
1977 115 75 74 77
1978 116 77 75 80
1979 115 77 72 84
1980 113 75 70 83
1981 113 76 70 84
1982 112 77 70 87
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Table A.VIL14. Oil tanker fleets
(Percentage of world totals)

ESCAP developingESCAP totals A /NZ/J
Year Number GRT Number GRT Number GRT

1974 28.0 14.6 22.8 12.6 5.2 2.0

1975 28.4 14.8 22.5 11.9 5.9 2.9

1976 28.5 15.5 20.6 11.5 7.9 4.0

1977 29.9 14.6 21.4 10.0 8.5 4.6

1978 29.9 14.2 20.8 9.6 9.1 4.6

1979 32.3 14.7 22.4 10.0 9.8 4.7

1980 32.5 15.0 22.2 10.3 10.3 4.7

1981 32.8 15.4 22.0 10.4 10.8 5.0

1982 33.7 16.0 21.9 10.6 11.8 5.4

Bulk carriers (bulk ore-oil)
(Percentage of world totals)

ESCAP developingESCAP totals A /NZ/J
Year Number GRT Number GRT Number GRT

1974 17.4 20.8 12.8 16.4 4.6 4.4

1975 16.9 19.9 11.8 15.0 5.4 4.9
1976 17.2 19.9 11.2 14.6 6.0 5.3
1977 17.8 20.2 10.8 13.9 7.0 5.3
1978 18.9 20.7 10.5 13.3 8.4 6.3
1979 19.7 21.9 9.5 12.6 10.2 7.4

1980 20.1 22.1 9.5 12.6 10.6 9.5
1981 20.9 23.2 8.9 12.3 12.0 10.9
1982 21.9 24.5 8.8 12.3 13.1 12.2

Container vessels (fully cellular)
(Percentage of world totals)

ESCAP developingESCAP totals A/NZ/J
Year Number GRT Number GRT Number GRT

1974 14.8 18.9 11.7 17.6 3.1 1.3
1975 15.8 20.4 12.4 19.1 3.4 1.3
1976 15.6 20.0 12.4 18.6 3.2 1.4

1977 18.7 20.2 10.8 18.0 7.9 2.2
1978 19.8 21.5 10.6 16.2 9.2 5.3
1979 22.9 24.2 10.6 15.3 12.3 8.9
1980 24.8 26.5 10.9 15.1 14.1 11.4
1981 25.7 28.1 10.2 14.1 15.5 14.0
1982 25.5 27.5 10.4 14.2 15.1 13.3
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Table A.VII.l5. Container traffic in foreign trade through major ports of selected devetoping countries
and areas in the ESCAP region, 1976-1981

Country or area and port 1976 1977 1978 1979 1980 1981

Hong Kong
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

India (1 April-31 March)
Bombay
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)
Cochin
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)
Calcutta / Haldia
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)
Madras
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Malaysia
Kelang
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Penang
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Pakistan (1 July-30 June)
Karachi
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Philippines
Manila
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Singapore
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

Sri Lanka
Colombo
Total containerized cargo (1,000 tons)
Total containers handled (TEUs)

7 040 8 591 8 379 9 366 10 001 10 665
1 029 059 1 258 782 1 226 256 1 313 923 1 464 961 1 559 819

1976/77 1977/78 1978/79 1979/80 1980/81 1981/82

53.1 79.2 282.3 694.5 807.9 1 209.8
5 472 13 599 38 879 76 834 101 281 132 195

30.4 21.4 34.8 116.4 138.8 147.1
2 975 2 198 4 326 13 829 20 900 29 919

• • • • • • 13.4 35.6 137.7 186.8
596 712 1 876 4 478 15 468 27 952

• • • • • • • • • 43.1 32.1 141.1
• • • • • • 4 432 9 436 15 080

654.4 772.4 889.6 1 071.0
68 728 82 273 93 913 117 281

173.9 271.7 356.8 525.9
14 192 18 037 23 998 35 179

1976/77 1977/78 1978/79

• • • • • • • • • • • •
• • • 5 301 6 472 22 768

1 168.2 1 789.1 1 969.0 1 866.5
133 721 169 266 209 961 249 044

4 739 5 732 8 450 10 260
342 956 393 230 526 287 698 506

122.1
16 557

Source: Replies from member Governments.
Note: ... = not available.

1 252.8 1 346.0
127 055 148 305

653.1 832.6
44 204 56 339

1979/80 1980/81

40 137 60170

1 788.9
244 818

12 549
917 020

1 928.8
258 728

14 673
1 064 504

237.9 503.8
28 848 50 004
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Annex VIII

TABLE AND FIGURES ON INDUSTRIAL TECHNOLOGIES

Table

A.VIII.1. Composition of production by industry type in ESCAP member countries

Figures

A.VIII.1. Pattern of production by industry type in selected ESCAP member countries

A.VIII.2. Change of pattern of production by industry type in the Republic of Korea and Japan

A.VIII.3. World distribution of net manufacturing output in engineering branches, by country and
economic grouping, 1960,1970 andl977
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Country

Table A.VIII. 1 Composition of production by industry type in ESCAP member countries

Mining

Bangladesh 1980 0 26.7

Burma 1980 10.6 31.3

Fiji 1980 1.7 55.8

India 1980 6.7 13.5

Indonesia 1980 65.0 19.5

Iran 1980 60.9 19.1

Malaysia 1980 25.8 19.9

Pakistan 1979 5.3 46.2

Philippines 1980 7.0 42.8

Rep. of Korea 1980 3.6 19.6

Singapore 1980 0.1 19.5

Sri Lanka 1979 12.3 43.1

Thailand 1980 8.1 42.6

Australia 1980 17.7 13.5

Japan 1980 1.7 8.1

New Zealand 1979 2.1 26.6

26.7

43.5

29.2

34.0

9.8

10.5

32.9

26.2

27.0

33.5

17.0

19.1

21.8

39.6

35.1

35.5

40.6

11.0

7.1

17.4

2.9

6.0

6.0

13.5

10.1

21.4

3.6

9.5

22.6

5.9

5.3

11.1

5.8

2.9

6.2

23.2

2.9

3.8

16.9

8.3

12.4

20.7

58.2

8.6

9.4

22.8

46.7

23.5

Source: Calculated from data collected by ESCAP.
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Refining 

(ISIC: 31 + petrol 
+ coal)

Percentage of production by industry type

Processing 
(ISIC: 23+34+35+36+37)

Manufacturing
(ISIC: 32)

Machinery 
(ISIC: 38)



Figure A.VII.l Pattern of production by industry type in selected ESCAP member countries

Mining Refining Processing Manufacturing Machinery

Type of industry Type of industry

Mining Refining Processing Manufacturing Machinery
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Japan
Rep. of Korea
India
New Zealand 
Australia

Type of industry

Malaysia 
Philippines 
Thailand 
Singapore

Type of industry

Figure A.VIIl.l (continued)
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Figure A.VHI.2 Change of pattern of production by industry type in the Republic of Korea and Japan

Republic of Korea
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1963
1970
1980

Japan
1963
1970
1980

Mining Refining Processing Manufacturing Machinery Mining Refining Processing Manufacturing Machinery



(Figures in parentheses are percentage shares of world value added by engineering branches)

Source: Based on data supplied by the United Nations Statistical Office and estimates by the UNIDO secretariat.

World distribution of net manufacturing output in engineering branches, 
by country and economic grouping, 1960,1970 and 1977

Figure A.VIII.3
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Figure A.IX.2 Overall growth in per capita energy consumption versus 
annual rate of growth in GDP (Percentage)
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Figure A.IX.1 Per capita consumption of commercial energy versus 
per capita GNP (1980) of some ESCAP countries

1980 per capita consumption of commercial energy in kg of coal equivalent

 Indonesia

China
Pakistan

India
Sri Lanka

Nepal
Bangladesh

19
80

 pe
r c

ap
ita

 G
N

P 
in

 U
S 

do
lla

rs

Thailand
Philippines

Papua New Guinea

Malaysia
Republic 

of  
Korea

Malaysia

Philippines

Pakistan

Nepal

India

Thailand

Indonesia

Singapore

Republic of Korea

Papua New Guinea

1970—1980



Figure A.IX.3 Integrated energy planning
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Table A.IX.1 Total primary commercial energy production in the ESCAP region

1975 1979 1980 1981
(millions of tons of coal equivalent)

Rate of 
increase 

per annum 
1985-1979 

(percentage)

Rate of 
increase 

1980-1981 
(percentage)

China 
kan

Others
Total

462.6 625.2 614.2 605.5

419.7 259.9 119.9 105.1

3825 485.8 494.4 530.0 6.2
1 264.8 1 370.9 1 228.5 1 240.7 2.0

-1.4

-12.3
7.2
1.0

Total 
excluding 
Iran 845.1 1 108.6

Source: United Nations Yearbook of World Energy Statistics, 1981,

Table A.IX.2 Primary commercial energy consumption in the 
ESCAP developing countries

1975 1979 1980 1981
(millions of tons of coal equivalent)

Rate of 
increase 

per annum 
1975-1979 

(percentage)

Rate of 
increase 

1980-1981 
(percentage)

China 440.0 593.4
Others 273.0 344.1
Total 713.0 937.5

580.5 571.2 7.8 -1.6
353.0 372.7 6.0 5.6
9335 943.9 7.1 1.1

Source: United Nations Yearbook of World Energy Statistics, 1981.

Table A.IX.3 Commercial energy balances in the ESCAP region
(Millions of tons of coal equivalent)

Production (A)
Consumption (B)
Energy balance

(A) - (B)
Self-sufficiency rate 

(A)/(B) 
(percentage)

1973 1975

1 203 1 265
1116 1193

+87 +7

107.8 106.0

1978 1979

1 485 1 371
1424 1473

61 -102

104.3 93.0

1980 1981

1 228 1 241
1 461 1 464

-233 -223

84.0 84.8

Source: United Nations Yearbook of World Energy Statistics, 1981.
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Table A.IX.4 Technological capabilities of some countries in the ESCAP region (qualitative and somewhat subjective
assessment) by grouping (a) General consultancy, architecture and research and development

Definition of technological 
capabilities

Technological capabilities of countries
A fghanistan Bangladesh Bhutan Burma China Democratic Fiji India

Kampuchea
Remarks

1. Preliminary consulting engineering
- Feasibility and project studies and x

and reports
- Preparation of tenders and techni- x

cal specifications and evaluation 
of bids

2. Consulting and architectural engi
neering

- Systems design and optimiza
tion, and inter-face matching

- Civil designs
- Detailed plant engineering
— Supervision of erection and

commissioning
- Quality control x
- Integrated energy of planning x
- Power planning x

3. Research and development, product 
development, know-how and know- 
why
- R and D infrastructure and insti

tutions
- R and D in industry

- Product development in testing 
and industry (adaptation, impro
vements, parallel engineering and 
redesign)

x

xx

x

x

XX XXX X XX XXX

XX X X XX XXX

X

XXX

X

XX

XX

X

XX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XX

X

X

X

X XX X XX XX

X XX X XX XX

XX XX X XX XX

XXX

XX

XX



Table A.I.X. 4(a) (continued)

Definition of technological 
capabilities Indonesia

Technological capabilities of countries 
Maldives Nepal Philippines Rep. of Singapore Sri Lanka Thailand 

Korea
Remarks

1. Preliminary consulting engineering
- Feasibility and project studies and 

reports
- Preparation of tenders and techni

cal specifications and evaluation 
of bids

2. Consulting and architechtural engi
neering
- Systems design and optimization, 

and inter-face matching
- Civil designs
- Detailed plant engineering
- Supervision of erection and com

missioning
- Quality control
- Integrated energy planning
- Power planning

XX X X XX XXX XXX XX XX

XX X X XX XXX XXX XX XX

XX X X XX XX XXX XX XX

XX X X XX XX XX XX XX

XX X X XX XXX XX XX XX

XX X X XX XXX XXX XX XX

XX X X XX XX XX XX XX

x-xx X x-xx XX XX XXX XX XX

XX X x-xx XX XX XXX XX XX

3. Research and development, product
development know-how and know-
why
- R and D infrastructure and insti

tutions
- R and D in industry
- Product development in testing and 

industry (adaptation, improve
ments, parallel engineering and 
redesign

XX XX X XXX XX XX

XX XX X XXX X XX

x-xx XX X XXX XX X



Table A.IX.4.(a) (continued)

Definition of technological 
capabilities Afghanistan Bangladesh Bhutan

Technological capabilities of countries 
Burma China Democratic 

Kampuchea
Fiji India Remarks

3. Research and development, product 
development, know-how and know- 
why (continued)
- Design and production drawings 

of newly developed products and 
systems

- Prototype testing, evaluation and 
redesign

- Demonstration plant design, test
ing operation and evaluation

- Calculation methods, computer 
programmes and optimization 
techniques

xx

xx

xx

xx

Table A.IX. 4(a) (continued)

Definition of technological 
capabilities Indonesia Maldives

Technological capabilities of countries
Nepal Philippines Rep. of Singapore Sri Lanka Thailand Remarks 

Korea

3. Research and development, product 
development, know-how and know- 
why (continued)
- Design and production drawings 

of newly developed products and 
systems x

- Prototype testing, evaluation and 
redesign

- Demonstration plant design, test
ing, operation and evaluation

- Calculation methods, computer 
programmes and optimization 
techniques

x-xx XXX X X

XX XX



Table A.IX.4 (b) Exploration and exploitation of conventional and new and renewable sources of energy

Definition of technological 
capabilities

Technological capabilities of countries

Afghanistan India Remarks

1. Exploration and exploitation

- Surveys and assessment
- Hydro
- Coal
- Oil/gas
- Geothermal

- Mining
- Equipment design and manufacture
- Mining
- Safety

- Oil/gas production

- Onshore drilling

- Equipment design and manufacture
- Production and transportation

- Offshore drilling

- Equipment design and manufacture
- Production and transportation
- Safety

x xx x
x x
x xx

XX XXX x
X XXX X
XX XX X

XX

XX XXX
X XXX
X XXX

XX
XX
XX

X — XX XX
X XX XX XX

n.a. na.
- XX

X XX
- XX

XX
XX

XX
XX
XX

Bangladesh Bhutan Burma China Democratic 
Kampuchea

Fiji

x

181



Table A.IX.4 (b) (continued)

182

Definition of technological 
capabilities

I. Exploration and exploitation

- Surveys and assessment
- Hydro
- Coal
- Oil/gas
- Geothermal

- Mining
— Equipment design and manufacture
- Mining
- Safety

- Oil/gas production

- Onshore drilling
- Equipment design and manufacture
- Production and transportation

- Offshore drilling

- Equipment design and manufacture
- Production and transportation
- Safety

Technological capabilities of countries

XX WWW X XXX X XX XX
x-xx X XX X X XXX
XX X XX XXX X XX
XX X X X X

x-xx X XX X
XX X XX XX
XX X

XX X x-xx x-xx x-xx
XX X x-xx x-xx x-xx

n.a.
XX X XX
XX X XX
XX

Indonesia Maldives Nepal Philippines Rep. of 
Korea

Singapore Sri Lanka Thailand Remarks



Table A JX.4 (b) (continued)

Definition of technological 
capabilities

Technological capabilities of countries

Afghanistan India

2. New and renewable energy technologies
- R and D institutions x
- Engineering, design and testing x

of prototypes and their evaluation
- Demonstration projects x
- Design, detailed engineering x

and production drawings
- Transfer of know-how to small- x

and medium-scale industries
- Field support and after-sales service x
- Training of technicians x

X X XXX X XX XX

XX

XXX XX

XXX XX

X XX XX

X XX

X XX

Table A.IX.4 (b) (continued)

Definition of technological
capabilities

Technological capabilities of countries

2. New and renewable energy technologies

- R and D institutions xxx x-xx

- Engineering, design and testing xx-xxx x
of prototypes and their evaluation

- Demonstration projects xx-xxx x-xx

- Design, detailed engineering xx-xxx x
and production drawings

- Transfer of know-how to small- xx x
and medium-scale industries

- Field support and after-sales service xx x
- Training of technicians xx x
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Fiji Remarks



Table A.IX.4 (c) Power plants and power systems

184

Definition of technological 
capabilities

Technological capabilities of countries 

Afghanistan Bangladesh Bhutan Burma China Democratic Fiji India 
Kampuchea

Remarks

1. Thermal power plant and equipment 
supply
- Calculation, optimization and design of 

plants and systems
- Calculation and design of machines and 

equipment
- Adaptation of designs, materials and 

manufacturing technologies
- Detailed production designs and 

drawings
- Manufacture and production

- Erection, commissioning and testing
- Trouble-shooting

- After-sales service and maintenance
- Training of engineers and technicians

2. Hydropower stations

- Design and construction of dams and 
civil works

- Design and manufacture of equipment
- Training

xx

X

XX

XX

XX X

XX X

XX

XX

XX

XX

XX

XX

XX

XX

XXX

XX XXX

X XXX

XX XXX

XX-XXX 

xx-xxx

XXX

XXX 

XXX

XX 

XX 

XX

XX

X XX XXX

X XXX

X X XXX



Table A.1X.4 (c) (continued)

Definition of technological 
capabilities

1. Thermal power plant and equipment 
supply
- Calculation, optimization and design of 

plants and systems
- Calculation and design of machines and 

equipment
- Adaptation of designs» materials and 

manufacturing technologies
- Detailed production designs and 

drawings

- Manufacture and production
- Erection, commissioning and testing
- Trouble-shooting

- After-sales service and maintenance
- Training of engineers and technicians

2. Hydropower stations

- Design and construction of dams and 
civil works

- Design and manufacture of equipment
- Training
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XX X X XX XX XX

x-xx X X XX XX

x-xx X X XXX XXX XX

x-xx X X XX XX X
x-xx X X XX XX
x-xx X X XX XXX XX
XX X X XX XXX X XX
X X X XX XXX
XX X XXX XXX X XXX

XX XX XX XX XX
XX

XX X X XXX XX XX

Technological capabilities of countries

Indonesia Maldives Nepal Philippines Rep. of 
Korea

Singapore Sri Lanka Thailand Remarks



Table A.IX.4 (c) (continued)

Definition of technological 
capabilities Afghanistan India Remarks

3. Nuclear technology
- Mining and production of fuel
- Recovery of plutonium

- Fuel rod design and manufacture
- Power plant design
- Design and manufacture of equipment 

and components

- Waste handling and storage
- Safety and emergency calculation
- Quality assurance
- Special materials

4. Power plant and power system management
- Project management
- Operation and maintenance expertise

— Maintenance and spare parts manage
ment and planning

- Financial management
- Power system design and optimization
- Management training
- Technical training of engineers and 

technicians

- xx xx
- xx
- X xx
- XX XX

XX XX
- X XX

— X XX
- XX XX
- XX XX

XX XX XX
XX XX XX

XX XX XX
XX XX XX
XX XX XX
X XX XX

XX XXX XXX
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Table A.IX.4 (c) (continued)

Definition of technological 
capabilities

Technological capabilities of countries

Indonesia Maldives Nepal Philippines Rep, of Singapore Sri Lanka Thailand Remarks 
Korea

3. Nuclear technology
- Mining and production of fuel
- Recovery of plutonium
- Fuel rod design and manufacture x
- Power plant design x
- Design and manufacture of equipment 

and components
- Waste handling and storage

- Safety and emergency calculation x
- Quality assurance x
- Special materials x

4. Power plant and power system management
- Project management XX X X XXX XX XX XX
- Operation and maintenance expertise XX X X XXX XX XX XX
- Maintenance and spare parts manage

ment and planning XX X X XXX XX XX XX
- Financial management XX X X-XX XXX XXX X XXX
- Power system design and optimization XX X X-XX XXX XX XX XXX
- Management training X-XX X X XXX XX X XX
- Technical training of engineers and 

technicians XX X X-XX XXX XXX XX XXX



Table A.IX.4(d) Production facilities and pollution control

Definition of technological 
capabilities

Technological capabilities of countries
Afghanistan Bangladesh Bhutan Burma China Democratic 

Kampuchea
Fiji India Remarks

1. Setting-up of production, facilities
- Specifications, layout and design 

of workshops and manufacturing 
facilities

- Optimization of production pro
cess and material utilization

- Management

- Quality assurance, quality con
trol and training

2. Pollution control technologies
- Specification, calculation and de

sign of processes

- Manufacture, erection and com
missioning

- Techno-economic evaluation and 
optimization of processes under 
local conditions

x

X

XX

X

XX

XX

XX

XX

XX

XX

X
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Table A.IX.4(d) (continued)

189

Definition of technological 
capabilities Indonesia Maldives Nepal Remarks

1. Setting-up of production facilities
- Specifications, layout and design 

of workshops and manufacturing 
facilities

- Optimization of production pro
cess and material utilization

- Management

- Quality assurance, quality con
trol and training

2. Pollution control technologies
— Specification, calculation and 

design of processes

- Manufacture, erection and com
missioning

- Techno-economic evaluation and 
optimization of processes under 
local conditions

xxx High level (region)
xx . Medium level

x Starting level
- No capability yet

( ) No information available
n.a. not applicable

X X X XXX XX XX XX

x-xx X X XX XXX XX XX

XX X X XX XX XX XX

XX X X XX XXX XX XX

x-xx — X X X

X X X X

x-xx X X X

Philippines
Technological capabilities of countries

Rep, of 
Korea

Singapore Sri Lanka Thailand



Table A.IX.S Status of development of new technologies 
for renewable sources of energy

Technology Status Application

1. Solar energy 
Solar flat plate 
Solar evacuated tube 
Solar cookers 
Thermal electric

Photovoltaics
Solar thermal/PV

Commercial
Commercial
Commercial
Distributed )
Pilot plants )
Central receiver) 
Experimental )
Commercial
Experimental

Heat 
Heat 
Heat 
Power

2. Wind energy 
Mechanical pumps 
Wind generators (small) 
Wind generators (large)

3. Hydroelectric 
Large-scale 
Small-scale

4. Mini-hydro

Commercial 
Commercial 
Pilot plants

Commercial 
Commercial

Demonstration

5. Geothermal

6. Oil shale
Large-scale

Small-scale

Commercial

Pilot plants

Pilot plants

7. Biomass

Power
Cold storage/refri- 
geration

Power
Power
Power

Power
Power

Electricity Mecha
nical power

Power/heat

Liquid transport 
fuels
Power
Heat

Heat/power/liquid 
transport 
fuelsAgricultural and forest 

residues
Short rotation forestry
Other energy crops
Aquatic biomass for 
biomethanation
Hydrocarbon plants
Direct combustion
Pyrolysis
Gasification

Low-joule-value gas 
intermediate or 
high-value gas

Biomethanation
Ethanol fermentation
Cellulose

saccharification
■

Fuels from veg. oil

Commercial

Demonstration 
Demonstration 
Pilot plants

Experimental 
Commercial 
Demonstration

Demonstration 
Demonstration

Commercial
Commercial
Pilot plants

Commercial
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Annex X

TABLES ON ENVIRONMENTAL TECHNOLOGIES

A.X.l. Magnitude of some environmental problems in ESCAP countries

A.X.2. Environment trends for the ESCAP subregions, 1960-2000

A.X.3. Technological alternatives in water pollution abatement

A.X.4. Waste-water treatment technologies

A.X.5. Air pollution control technologies

A.X.6. Technology for health and sanitation and associated environmental aspects

A.X.7. Environmental health and sanitation control strategies for disease control

A.X.8. Some desertification control technologies

A.X.9. Examples of technological capabilities in the ESCAP region for regional co-operation

A.X.10. Problems in collaboration, 1982

A.X. 11. Major impacts of agricultural sector development on the environment

A.X. 12. Major impacts of transportation sector development on the environment

A.X.13. Major impacts of industrial sector development on the environment

A.X.14. Major impacts of energy sector development on the environment
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Table A.X.1 Magnitude of some environmental problems in ESCAP countries

Environmental problems Magnitude of problems in the Asia-Pacific region: 
examples

Soil erosion

Deforestation

Deforestation

Desertification

- 90 million hectares suffer from water erosion and 50 
million from wind erosion out of a total of 328 mil
lion hectares of land in India.

- 50-80 per cent of the land area in the Philippines 
suffers from severe to excessive erosion.

- The average rate of deforestation in the Asia-Pacific 
region is approximately 7 per cent per year.

- Between 1960 and 1980, the closed forest area in 
the ESCAP region decreased by 7 per cent.

- Within the overall decrease, South Asia showed a 
decline of 19 per cent in forest cover, East Asia 
(excluding China) registered a degree of 7 per cent 
and South Pacific, quite satisfactorily, showed an in
crease of 9 per cent.

- Within the same 20-year period, China showed a 
decrease of 23 per cent of closed forest area, although 
it is postulated that between 1980 and 2000, the 
trend will be reversed in view of the country’s recent 
forest policy and desertification control activities.

- About 34 per cent of the region’s land is affected by 
desertification.

- Significant in Australia, India and Iran and to a lesser 
extent in Pakistan.

- 378 million people living in an area of 21 million 
square kilometres and threatened by desertification 
in the ESCAP region.

Extinction of plant and animal species

Coastal pollution

- 3,000-4,000 plant species (many of which are sources 
of medicines) are endangered in India.

- 239 threatened species of mammals, birds and reptiles 
in the ESCAP region, 73 in South Asia, 106 in East 
Asia and 60 in the Pacific.

- The decrease of forest cover by 7 per cent in the 
period 1960-1980 in the ESCAP region has aggravated 
the problem of extinction of animal species by des
truction of their natural habitat.

- Output of agro-industry crops increased by 130 per 
cent in the ESCAP region which provides an estimate 
of the potential pollutants discharged.

- Offshore oil exploration has caused problems of oil 
slicks in Indonesia, the Philippines and Thailand.

- Population growth, urbanization and industrializa
tion have caused thousands of cubic metres of hazar
dous effluents to be discharged into the Bay of Bengal 
and the Arabian Sea through rivers and non-point 
sources along the coast of India.

- In Thailand the Chao Phraya River, which empties 
into the Gulf of Thailand, carries heavy pollutional 
loads, 70 per cent of which come from domestic 
sources.
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Environmental problems

Coastal pollution (continued)

Coral degradation

Mangrove destruction

Environmental health/environmental 
pollution

Table A.X.1 (continued)

Magnitude of problems in the Asia-Pacific region: 
examples

- In Metro Manila the Pasig River is badly polluted.

- Aquatic pollution in Malaysia is primarily due to 
palm oil industries and tin mining activities.

- Use of insecticides to combat flies during the fish 
drying season has led to contamination of water 
courses and the sea in Bangladesh.

- The catch of fish per unit of effort in the Gulf of 
Thailand declined from about 300 kilograms per 
hour in 1961 to 50 kilograms per hour in 1977.

- Sea-bed mining activities increased by 300 per cent, 
leading to coral destruction, as in Fiji, Papua New 
Guinea and Sri Lanka.

- Fishing by destructive means, commercial mining, 
siltation and recreational activities have caused des
truction of coral reefs in Indonesia, Malaysia, the 
Philippines and Thailand.

- 8.6 million cubic metres of coral were exported in 
1979 from the Philippines through the port of Zam
boanga alone.

- In Thailand, tin mining is the greatest destructive 
threat since the Government has given permits to 
convert 38,000 hectares of mangroves for mining.

- In Indonesia 200,000 hectares of mangrove forest 
were converted to agricultural lands in 1969-1974 
and 500,000 hectares to rice fields, fish ponds etc. 
in 1974-1979.

- In the Philippines, 176,000 hectares of mangrove 
swamps had been converted to fish ponds as of 1976.

- Mortality and morbidity rates due to various types of 
water and soil-borne diseases are significantly high in 
many countries of this region, such as Bangladesh, 
India, Pakistan, Sri Lanka and Viet Nam.

- In Bangladesh water contamination is caused by 
discharges of effluents from pulp and paper mills, 
tanneries, slaughterhouses and the fertilizer indus
try, while soil pollution results from improper handl
ing and disposal of human wastes.

- In Thailand water pollution results from the effluent 
discharged by breweries, distilleries, sugar refineries 
and the tapioca industry.

- Air pollution in Bangkok emanates primarily from 
the 500,000 cars plying the roads of this metropolis.

— Air pollution in the city of Bombay in India, where 
190 tons of sulphur dioxide are emitted into the 
atmosphere every day, has resulted in residents suf
fering from coughing, constant sneezing, asthma, 
bronchitis, chest pain and fatigue.

- Nearly 300 million gallons of untreated waste water 
discharged daily along the coastline of Bombay is 
posing health hazards to those using the water.
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Table A.X.1 (continued)

Environmental problems Magnitude of problems in the Asia-Pacific region: 
examples

Environmental health/environmental 
pollution (continued)

- The Mahaweli-Ganga water resources development 
project in Sri Lanka has caused malaria and other 
water-borne diseases among the people living in 
the project area.

- In the Republic of Korea the prevalance of pulmonary 
diseases has been reported owing to air pollution 
caused by automobile emissions and the extensive 
use of a heating system burning low-grade coal.

- In 1980, 7.1 million cases of malaria were reported 
in this region, 3.0 million in south Asia, 4.0 million 
in east Asia and 0.1 million in Papua New Guinea. 
China and India accounted for 85 per cent of these 
cases. An increasing number of cases have been re
ported in Burma, Democratic Kampuchea, Malaysia, 
Sri Lanka and Thailand.

- In the 1970s approximately 5 million people were 
infected with schistosomiasis in Indonesia, Malaysia 
and the Philippines. Other countries where it is ende
mic are China, Democratic Kampuchea, India, the 
Lao People's Democratic Republic and Thailand.
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Table A.X.2 Environmental trends for the ESCAP subregions,a 1960-2000

South Asia East Asia Pacific

1960-1980  1980-2000   1960-1980  1980-2000   1960-1980   1980-2000

Terrestrial ecosystems:

Forest lands:

Forest cover 
Extinction of species 
Flooding and droughts

Crop lands:
Soil erosion
Waterlogging and salinization

Grazing lands:

Desertification

Aquatic ecosystems:

Fisheries:

Water pollution
Fish yield

Mangrove forests:
Disappearance

Corai areas:
Destruction

Environmental health:

Water supply and sanitation services:
Urban drinking water
Rural drinking water 
Urban sanitation

Urban deterioration:
Air pollution 
Water pollution 
Solid waste 
Noise pollution

Rural deterioration:
Pesticide morbidity and mortality
Malaria incidence
Schistosomiasis

Legend: D = decrease
SD = significant decrease

I = increase
SI = significant increase

South Asia:

East Asia:

Pacific:

Afghanistan, Bangladesh, Bhutan, Burma, India, Iran, Maldives, Nepal, Pakistan, Sri Lanka,
Brunei, China, Democratic Kampuchea, Hong Kong, Indonesia, Japan, Lao People’s Democratic Republic 
Malaysia, Mongolia, Philippines, Republic of Korea, Singapore, Thailand and Viet Nam.
Australia, Cook Islands, Fiji, Kiribati, Guam, Nauru, New Zealand, Niue, Papua New Guinea, Samoa, Solomon 
Islands, Tonga, Trust Territory of the Pacific Islands, Tuvalu, Vanuatu.
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Table A JC 3 Technological alternatives in water pollution abatement

Principle Method

A. Reducing wastes generation

B. Reducing wastes after generation

C. Increasing or making better use of assimilative 
capacity of receiving water

1. Change type of raw material inputs
2. Change or modify production process
3. Change or modify product outputs
4. In-plant recirculation of water
5. Segregation of concentrated waste 

stream
6. Waste elimination

1. Materials recovery
2. By-product production
3. Waste treatment
4. Effluent reuse

1. Addition of dilution water
2. Multiple outlets from reservoirs
3. Reservoir mixing
4. Reaeration of streams
5. Salt-water barriers
6. Effluent redistribution
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Table A.X.4 Wastewater treatment technologies

Material to be removed 
or converted

Process Commonly used processes
in ESCAP countries

Non-degrad able materials

Coarse solids 
Suspended solids

Dissolved solids

Screening
Sedimentation
Coagulation and flocculation
Filtration
Flotation
Centrifugation
Cyclone
Distillation
Electrodialysis
Reverse osmosis
Dialysis
Ion exchange
Neutralization
Oxidation/reduction and precipitation

x 
x
X
X

Degradable organic materials Aerobic biological treatment:

*

Activated sludge
Biological filters
Biological disc filters
Oxidation ditches
Oxidation ponds (facultative)
Aerated lagoons

x 
x
x

Sludges
Inorganic and organic

Organic

Liquid effluents and 
solid residuals

Anaerobic biological treatment
* Anaerobic digestion
* Anaerobic contact
* Anaerobic lagoons
Adsorption: 
♦ Activated carbon

Concentration :
* Clarifier thickening
* Gravity thickening
* Flotation
Dewatering:
* Drying beds
* Lagoons 

Filtration - gravity 
- vacuum 
- pressure

Centrifugation
Digestion:

Aerobic
* Anserobic
Heat drying and combustion:

Heat drying 
Incineration 
Wet oxidation

Final disposal:
Land fill

* Fertilizer
Stream discharge
Sea discharge

* Irrigation
Underground disposal

Note: The processes more appropriate to developing countries are indicated by an asterisk (*).

X

x
x

x

x 
x

x
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Table A.X.5 Air pollution control technologies

Pollutant Process/equipment Commonly used processes
in ESCAP countries

Particulates/dust

Sulphur dioxide, nitrogen 

oxides and hydrocarbons

o Settling chambers
o Centrifugal or inertial separators

- cyclones
- baffles chambers

o Scrubbers and wet collectors
- air washers 
- wet filters 
- spray towers
- centrifugal or inertial scrubbers
- venturi scrubbers

o Filters
- viscous or oil-wetted filters
— dry filters
- cloth filters
- high-efficiency interception filters
- sintered metal and porous ceramic filters 

o Electrostatic precipitators

- tubular and plate type
- two-stage type

o Sonic agglomerators
o Scrubbing

o Adsorption 
o Oxidation 
o Catalytic conversion

o Control at source (control of excess air 
and sulphur content of fuel etc.)

x

x

x
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Table A.X.6 Technology for health and sanitation and associated 
environmental aspects

Environmental systems

Factors causing 
pollution/health problems

•

Some precauüons/remetüal measures

Su
rfa

ce
 po

llu
tio

n

Su
bs

tra
ta

 p
ol

lu
tio

n

Co
lle

ct
io

n,
 tr

an
s

po
rta

tio
n 

an
d 

sto
ra

ge

V
ec

to
r n

ui
sa

nc
e

O
do

ur

V
ec

to
r d

ise
as

es

W
or

m
 di

se
as

es

 A. Water supplies

1. Rain-water collection 
and storage

X X X Covered storage tanks with cleaning 
arrangement, slow-sand filters installa
tion, education of householders

2. Wells with handpumps X X X X Tap deeper aquifers, wells to be lined 
and away from pollution sources, provi
sion of lid/cover for the well

 3. Surface-water
sources, i.e., ponds, 
rivers etc.

X X
Selection of point of collection away 
from pollution source, dean collection 
and transportation container to be used, 
health education

4. Spring-water 
sources X

Spring water outlet to be encased by 
concrete spring box, nettings to be pro
vided on all openings of the spring box

5. Public taps and 
standposts X X

Prevent leakages, ingress of polluted 
water during non-supply hours, promote 
use of clean containers, proper drainage

B. Sanitation

1. Pit latrines X X X X X Ensure adequate water seal, proper clean
liness maintained in the vicinity, proper 
site selection, contents removed after 
two years

2. Vault toilet and 
cartage X X X

Proper maintenance, cleanliness and care 
exercised during cartage

3. Burial of nightsoil 
in trenches X

Located away from residential areas, 
adequate depth and soil cover

4. Aqua privy X X Proper cleanliness and maintenance to be 
ensured always

5. Septic tanks X Desludge tank periodically, provide 
subsurface tile field area for soakage, 
prevent discharge into water bodies 
without further treatment
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Table A.X.7 Environmental health and sanitation control 
strategies for disease control

Infection/disease Major control strategies

Enterobiasis
Enteric virus infections 
Hymenolepiasis 
Giardiasis 
Balantidiasis

Domestic water supply 
Sanitary education 
Improved housing 
Provision of toilets

Typhoid
Salmonellosis
Shigellosis
Cholera
Path.£. colienteritis
Yersiniosis
Campylobacter enteritis

Ascariasis
Trichuriasis
Hookworm infection
Strongyloidiasis

Taeniasis

Clon or chia sis 
Diphyllob othriasis 
Fascioliasis 
Fasciolopsiasis 
G astrodiac oidia sis 
Heterophyiasis 
Metagonimiasis 
Paragonimiasis 
Schistosomiasis

Domestic water supply 
Sanitary education 
Improved housing
Provision of toilets
Treatment prior to discharge 

or reuse

Provision of toilets
Treatment prior to land ap

plication

Provision of toilets
Treatment prior to land ap

plication
Cooking of meat 
Meat inspection

Provision of toilets
Treatment prior to discharge 
Control of animal reservoirs 
Control of intermediate hosts 
Cooking of fish and aquatic 

vegetables

Bancroftian filariasis (transmitted 
by Culex pipiens) and infec
tions which may be transmit
ted by flies and cockroaches

Identification and elimination 
of breeding sites
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Table A JL8 Some desertification control technologies

Bangladesh
- village wood-lot programme

- food insurance scheme against natural disasters
- resuscitation of dead and dying rivers

China

- sand stabilization by sand block forest belts on the periphery of oases, protective forest networks within oases and 
establishment of “contain-sand-cultivate-grass” areas

- establishment of “ku him grass" on stabilized and semi-stabilized sand dunes and rational grazing by livestock

- management and utilization of existing resources, particularly along the rivers and in lake basins, land levelling and 
construction of reservoirs

- planting of trees and shelter belts along the railways and highways

- study of soil characteristics as influenced by pastures, legumes, water application and levelling

India
- Drought-prone Areas Programme
- Desert Development Programme

- Lab-to-land programme of the Central Arid Zone Research Institute on shelterbelts, water and soil management and

- World Food Programme assistance to the Rajasthan Canal Authority, which was successfully utilized to provide food to 
labourers at 50 per cent of cost; the revenue generated therefrom was, in turn, utilized for human settlement in the 
project area.

Indonesia
- integrated, interdisciplinary approach to problems of deforestation and watershed management
- resettlement of people from affected areas
- research on the management of semi-arid zones at the Centre for Environmental Studies, Nusa Cendana University,

Timor

Iran

- Co-ordinated research on desertification with emphasis on the human factor at the Institute of Desert Studies, University 
of Teheran

- pilot project in Turan covering an area of 20,000 square kilometres

- control of sand-dune movement by aerial mulch spraying

Nepal
- integrated watershed management programmes
- establishment of an environmental management division under the Ministry of Forests with expert assistance from

ESCAP

Pakistan

- control of waterlogging and salinity

Philippines
- “Kaingin” management programme to stabilize shifting cultivators in one area by providing them with a “Forest Occu

pancy Permit” and helping them with improved production technology
- “Family Approach Reafforestation Programme”, which enables each family to acquire 0.5 square kilometers of open 

land for tree planting for a period of two years
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Thailand

USSR

Table A.X.8 (continued)

reforestation of denuded areas and promotion of tree plantations with fast-growing tree species
acid and saline soil improvement project

hilltribe resettlement project

introduction of canal-water irrigation into arid regions
successful experience with one central agency responsible for the organization, planning and execution of projects in 

the affected area

Table A.X.9 Examples of technological capabilities in the
ESCAP region for regional co-operation

Environmental areas of concern Countries or areas

Terrestial Deforestration
ecosystem 

Desertification

Wildlife and park management

Aquatic Water pollution
ecosystem

Water supply Low-cost water supply 
and sanitation

Waste recycling and utilization

Urban détériora- Air pollution 
tion

Bangladesh, China, India, Indonesia, 
Nepal, Solomon Islands

China, Pakistan, India, Iran

Sri Lanka, Thailand, Indonesia, India, 
Papua New Guinea

Thailand, India, Malaysia, Singapore, 
Hong Kong, Philippines, Republic of 
Korea

Bangladesh, Pakistan, India, Indonesia, 
Sri Lanka, Thailand

Bangladesh, India, China, Fiji

Singapore, Hong Kong, Republic of 
Korea

Solid wastes Philippines, Singapore, Hong Kong, 
India

Environmental 
management

Environmental standards

Environmental awareness

Philippines, Thailand, Singapore, Hong 
Kong

Bangladesh, India, Sri Lanka, Thailand, 
Philippines, Malaysia, Singapore

Environmental legislation

Environmental impact assessment

Environmental education

India, Pakistan, Philippines, Singapore, 
Thailand, Hong Kong, Indonesia

Thailand, Indonesia, Philippines, India

India, China, Thailand, Malaysia, Indo
nesia, Viet Nam
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Table A.X.10 Problems in collaboration2 (1982)

Country Problem number

6 7 8 9 10 11 12

Indonesia 40 20 40 20 20 20

Malaysia 33 44 55 22 11 22 11 22 44 11

Philippines 25 25 66 8 8 25

Republic of Korea 25 100 25 25

Singapore 100

Thailand 17 50 84 17 50 66 33

Overall 
ranking

Second First

a Percentage of total respondents of that particular country indicating it as a problem. 
Problems in detail:
Problem No. 1.

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.

Country

Exchange of personnel;
Getting proper information;
Financing;
Different political attitudes;
Transporting resources owing to geographical location;
Unavailability of technological know-how;
Because collaborating country was not free to exchange views and ideas;
Large difference in standard of research work ;
Difference in approach to research work;
Lack of proper terms and conditions;
Lack of interest by other institutions;
Insignificant work of other institutions.

Table A.X.10 (continued) (1983-1990)
Problem number 

1 2 3 4 5 6 7 8 9 10 11 12

Second : First

Indonesia 40 20 40 20 20

Malaysia 33 44 66 33 22 11 22 22

Philippines 25 17 75 17 17

Republic of Korea 75 25

Singapore

Thailand 17 17 84 17 50 33 17

Overall 
ranking
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Table A.X.l 1 Major impacts of agricultural sector development on the environment

Table A.X.l2 Major impacts of transportation sector development on the environment

Environmental 
parameters

204

Environmental 
parameters

Development 
projects

Sector projects

Significant impact. Moderate to significant impact. Negligible impact.
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projects

Ports and harbours

Airports

Rapid transit

Highways

Oil/gas pipelines

Significant impact. Moderate to significant impact. Negligible impact.
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Table A.X.13 Major impacts of industrial sector development on the environment
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Significant impact. Moderate to significant impact. Negligible impact.

Petrochemicals

Electroplating

Steel and iron manufacture

Pharmaceuticals

Tannery

Cement

Fertilizer

Pulp and paper

Sugar refining

Food processing

Development 
projects

Environmental 
parameters
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Biomass energy
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Petroleum processing

Gas/oil refineries

Oil and gas exploration 
and production

Hydroelectric power 
generation

Nuclear power plants

Thermal power plants

Significant impact. Moderate to significant impact. Negligible impact.

Development 
projects

Environmental 
parameters
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Table A.X.14 Major impacts of energy sector development on the environment


