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Implications for Developing Countries

Major technological developments
could leave developing countries
light years behind unless
cooperation is perfected

BY G.S. GOURI*

It has been generally stated that the decade of the
1980s will witness the beginning of the second industrial
revolution and according to some, even the third. This
will bring about major changes in the industrial structure
of the developed countries. It may spark major
restructuring of the world’s industrial and technological
order leaving developing countries in a more difficult
situation of deep dependence, comparative disadvantage,
and increasing dominance of the many by the few.

The technologieal distance between the developed and
the developing countries will increase in astronomical
proportions unless the developing countries adopt such
technological strategies and policies immediately to
respond to the grave. situation and change it into an
opportunity and:challenge. The entire focus of UNIDO’s
program in cooperation with like-minded agencies and
institutions is to sensitize the governments and the
industrial and scientific community to this challenge so
that there is a concerted effort to develop critical
technological capacities.

The Science and Technology Conference in Vienna did
refer to the emerging technological breakthroughs and
recommended the following:

There are also a number of rapidly developing fields
in science and technology which are going to have a
significant impact on the longer term development
problems which will face humanity in the years ahead.
These include the broad spectrum of activities relating
to satellite technology, computer communications,
microprocessing and electronics, and information
science in general. Other areas which are attracting
growing attention are activities in the field of noncon-
ventional generation of energy, particularly in thermal
nuclear fusion research, solar energy and the use of
alcohol as fuel; in the field of biology, including bio-
technologies, genetic engineering, enzyme technology
and in the marine sciences, including ocean ecosys-
tems, etc. Research and development in these areas
may: well provide major breakthroughs which could
have great significance for humanity in both developed
and developing countries. All these developments,
especially the new ones, should be pursued, evaluating
attentively the risks for health and environment and
preventing their misuse. Developing countries should
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also build or strengthen national and/or regional re-
search centers in these or other such frontier areas to
enable them to participate fully in the march of science,
leapfrogging where possible.

Consequently, UNIDO has initiated a major program
in monitoring and examining the implications of
technological breakthroughs for technology policies,
strategies of developing. centers with the aim of

From LES International Conference, London

systematically promoting the development of technolog-
ical capacities at the national and regional level and at the
same time promote international cooperation. The areas
selected for in-depth approach are: genetic engineering
and biotechnology, microelectronics, lighter-than-air
technologies (dirigibles), petrochemicals, energy technol-
ogies, machine tools, remote sensing techniques, explora-
tion of sea-bed mining, ete.

Although they can be examined separately in their
own right, they have, taken together, basic implications
on energy, overall industrial structure competitiveness
and in general basic tools to alleviate major national
preoccupation of today and tomorrow, namely energy,
food and disease. The basic approach of UNIDO is to
examine technological developments in each of the areas
mentioned above and at the level of an International
Forum on Technology Advances examine the interrela-
tionship of such sectors in the light of changing industrial
structures in developing countries for policy actions.

The object of this paper is to provide some information
on the preliminary findings in three areas, genetic
engineering and biotechnology, microprocessors, and
petrochemicals and related energy technologies.

Genetic engineering and biotechnology (GEB) is often
referred to as the major technology of the future. it has
major implications in energy (biomass, fuel alcohol),
fermentation industries including food and animal feed
industries and drugs and pharmaceuticals, fertilizers and
pesticides and processing of minerals. The commerciali-
zation and application of genetic engineering and
biotechnology in general for specific process and
products by its very nature has an industrial implication.
Biotechnology could create wholly new industries with
low fossil energy demand. It will affect food and animal
feed industries, the whole range of the chemical industry,
energy industry, mineral processing and recycling and
waste treatment.

The recombinant DNA technology coupled with a
significant enhancement of knowledge in various other
areas of genetic engineering has made important
contributions in an understanding of gene structure and
regulation during the last decade. The recombinant DNA
technology involves the isolation of a specific gene,
joining it to a self-replicating biological vehicle, and
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introducing it to a microorganism for many copies of the
gene as well as gene-coded protein products. The
technology was initiated by Professor Berg in 1972
{Nobel prize for-1980) and by Professors Stanley Cohen
and Herbert Boyer in 1973. Today, technology has
advanced far enough so that virtually any gene can be
synthesised, isolated and cloned—introduced into a
microorganism.

This technology is here today but the initial application
is essentially in the biomedical field. This is primarily due
to the fact that there was a large data base in the
specialized area of microbiology and the general areas of
biochemical and biomedical sciences. Also, comparatively
more research resources are available stemming from
the concern of cancer.

Other Areas

" The extention of application and commercialization of
GEB in other areas such as energy, petrochemical
substitutes, food crop improvements, scavenging of
critical minerals, ete., has not been taken up. The data
base is not as strong and the incentive and market forces
are not sufficient because these are the preoccupations of
developing countries.

Eminent experts met at UNIDO Headquarters in
February 1981 and felt that it will take some 20 years for
commercial application in these areas. However, they
also felt that if work is taken in hand now to tackle
developing country problems and coupled with unex-
pected breakthroughs, the time span might be shorter.
As a matter of fact, the industrial production of insulin,
interferon, growth hormones, was once estimated to be
some 10 years away but there are many pharmaceutical
companies producing them now and clinical trials are also
under way. )

In examining the implications of GEP for developing
countries, the experts underlined several points.

First, the work so far undertaken covers hardly a
hundred genes and there are millions of them to be
cloned. In developing countries, where the turnover rate
of organic material is often very high, microorganisms
constitute an unrecognized resource with a great
potential as a source of as yet unexploited enzyme
systems. A systematic screening of this “treasure chest”
would consequently be a logical component of the
activities performed by biotechnologists and genetic
engineers working in the warm climates.

Secondly, the acquisition of the technology is not
beyond the capacity of the developing countries,
particularly in view of the fact that pioneers in this field
are from the developing world. :

Third, unlike nuclear technology, the basic technology
is fairly simple and inexpensive. In their view a
developing country could establish a critical mass of
scientists and technologists (of some 14 persons per
'group), train them, and provide the necessary facilities;
etc., for a mere $2 million 1980 prices), provided there is
a basic policy decision at the highest level.

Hazards

Fourth, views on potehtial hazards and risks have
changed considerably during the last few years and
guidelines for work in this field have been established by

the relevant authorities in the U.S.A., UK., FRG, etc.
Regulations have been further relaxed, depending on the
funding source. It was also stated that potential hazards
should be examined against potential benefits because
there is always a possibility of unscrupulous elements
misusing the microorganisms. But there exist safeguards
to control such elements.

The subject of acquiring technology skills was
discussed by the experts and there are existing
institutions to provide facilities. However, in view of the
importance attached to the subject there may not be
many who would be forthcoming as easily as now.

There is also the problem of subject of research which
may not be the subject of importance to the developed
countries. Furthermore, the entire area needed sensitiza-
tion, promotion advisory service apart from training
facilities for the benefit of developing countries.
Therefore, the experts felt that there is a need for an
International Centre for Genetic Engineering and
Biotechnology (ICGEB). UNIDO was urged to seek
cooperation with other international organizations to
establish such a center.

MICROELECTRONICS

The technological developments in microelectronics
are widely covered in scientific and technical journals,
media, ete. Perhaps the rate of technological develop-
ment has been even more spectacular during the last 10
years. The information processing capacity has increased
from 4k to well over 120k, 1-megabit wafer-size RAM and
5,000 gate logic array. The size and cost of the computers
has been dramatically affected by the tiny chip of silicon
of the size of a fingernail. The chip-sized microprocessor
is becoming increasingly adopted in controlling automo-
bile fuel, microwave ovens, burglar alarms, TV, ete.

While the application range is enormous it ean be
broadly classified according to products and processes.
These are replacement of mechanical components
(traditional clocks); electromechanical components; elec-
tric components; upgrading of products and their design;
control devices, etc. It should also be mentioned here that
microelectronics are not only changing the communica-
tion industry but they are also being benefited by the
industry as the use of the telecommunications system
vastly speeds and spreads the use of microelectronics in
daily life.

The position of microelectronics, unlike genetic
engineering and biotechnology is that most of the basic
technology has been developed. The question to be
considered is the speed of application and the policy
sensitivity of the developing countries to the adoption of
technology. ,

It is no longer a problem of “wait and see” but to
seriously examine the negative and positive aspects of
this technology. Should the discussion be merely related
to aggravation of unemployment aspects in the develop-
ing countries if microelectronics are introduced into the
economy? What is the trade-off between the productivity
benefits in the near and long term and the unemployment
effects? What are the possibilities of increasing
employment in the downstream industries manufactur-
ing consumer products such as audio produets, calcula-
tors, and simple process control instruments which will
be based on cheap, imported components? What
measures, if any, need to be taken if the labor-intensive
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industries move back to developed countries? Is it
possible to quantify the benefits it could bring to
illiteracy elimination, better dispersed educational
systems, energy conservation, and overall communica-
tions? What are the investments required for this
purpose? What are the social aspects of development?

Lack Answers

The vast material available does not provide signifi-
cant answers to these questions. As a matter of fact,
viewpoints seem to touch only two aspects—potentiali-
ties of application and employment considerations. Even
here there are no detailed case studies even in countries
where such applications are being made. UNIDO has
initiated several studies in the area of application which
it is hoped will contribute to a better understanding of
the subject. The industry sector studies will have to be
supplemented by country studies.

Since the subject is vast and has many implications,
UNIDO is promoting such reviews by the countries
themselves. Such reviews will provide the basis of a
strategy of the use of microelectronics as a whole and the
initiation of downstream industry as well. The whole
question of technology perspectives is being taken up in a
project being implemented in Mexico financed by the
Interim Fund for Science and Technology for Develop-
ment. Country-level and regionallevel dialogues are
planned.

PETROCHEMICALS AND ENERGY TECHNOLOGIES

UNIDQO’s initial study reveals problems and situations
of a different kind. These are indeed important as
considerable 'investments in developing countries are
planned in this area in the next decades and also in view
of the close interrelationship between feedstocks and
energy. It has far greater implications for technology
transfer, licensing, joint ventures, ete., since the
developments in technology in developed countries have
responded to different problems of their dependence on
primary sources of energy, chemical feedstocks and
infrastructure in the form 'of pipelines, tankers and
terminals. As a matter of fact, the role of chemical,
petrochemical and oil companies and their long-term
strategies have a. direct bearing on the technological
development in the developing countries, not merely in
terms of responding to their changes in technological and
produet structure but in adopting such strategies so as to
obtain maximum  benefit to developing their own
petrochemical and energy industries.

First, it should be stated that basic technology
developments in the area of the petrochemical industry
exist now. The subsequent developments are more in the
direction of infroducing them into the already existing
infrastructure to benefit from cost, efficiency and
comparative advantage. Second, the introduction and
further ‘refinement of technology is dependent on
estimated market size in terms of intermediates, final
products and product specialities. Third, possibilities of
obtaining high-performance technology are increasingly
dependent on growing monopolistic and oligopolistic
corporate structures which' do not permit much scope in
negotiations for obtaining better and equitable terms and
conditions. 'All" these present some very difficult

problems to developing countries unless their bargaining
capacity is built on joint strategies. These inevitably will
include OPEC countries which are the main source of
liquid hydrocarbons.

Methanol

One of the most important technological developments
in the petrochemical industry is the production of
methanol based on the Mobil M process. Methanol, it
may be recalled, could be produced from flared gases,
heavy petroleum residues, coal, and biomass which are
not used by the European chemical industry. If brought
into use it could vastly change the feedstock position of
the petrochemiical industry, which at present is
dependent on naptha, LPG, and ethane emphasizing the
ethylene route. Methanol could be an answer, if produced
in quantity for energy including gasoline. It could
produce all downstream products which are being
produced through ethylene. With the exception of the
U.S8.A. and Japan, the methanol route has not been taken
up. Moreover, the technology in downstream production
and final products is still in the preliminary stage. The
efforts of the U.S.A. in methanol conversion are more
directed to the production of gasoline.

The European reliance on traditional petrochemical
feedstocks is more due to its security of energy materials
and energy forms that service static uses of energy,
namely electric power generation and home/commereial
heating derived from liquid hydrocarbons from the North
Sea and gas from the USSR and Mediterranean.
Consequently, their petrochemical industry is geared to
improvement in methods of ethylene production rather
than develop alternate feedstocks such as coal, biomass,
heavy petroleum residues, methanol, etc.

Research into the use of non-oil feedstocks is being
carried out mainly by government institutions or by
engineering companies funded by the governments. Very
little, if any, work is undertaken in developing countries.
Whatever work undertaken in countries such as the

U.S.A. and Japan in these areas may be available as joint
ventures “on acceptable terms and conditions.”

Courses of Action

Since the methanol route is perhaps the promising
route of the future for the developing countries, they
could invest R&D, or through joint action persuade if
not force the technology development in both production
of methanol and perhaps more in the further processing
of methanol. This would bring about certain competitive
structures other than the present ones and facilitate the
transfer of technology. The recourse of R&D in
developing countries is hardly possible in view of large
investments and the absence of infrastructure Moreover,
the development and size of markets in developing
countries is not significant at this stage to spur
technological change and further development. This is
the dilemma that developing countries will face in the
decade of the 1980s.

The OPEC countries and even the larger producers are
not an exception to this. While they are building
substantial petrochemical capacity they will still have the
problem of heavy residues unless their marketing of
product adopt a price structure that eliminates or uses
the residues. If on the other hand, methanol production




which will use both flared gases and heavy residues is
produced on the spot, the existing energy base as well as
feed stocks could be considerably expanded and also
force the attendant development of technology forms.

CONCLUDING OBSERVATIONS

The three scenarios can be considered as preliminary
observations based on the initial studies and surveys
initiated by UNIDQ. The surveys themselves are yet to
be completed. Perhaps more work will be needed as a
certain matrix will begin to emerge. While the final word
on the subject is years away the trends are visible and
need more attention by all concerned, particularly by the
policy makers who are responsible for the destinies of the
vast masses in the developing countries.

What is involved is not technological choice in the
-conventional, micro sense; the effect of technological
advances could be expected to be pervasive, affecting the
international flows of technology and the framework of
such flows, the technology policies and alternate
development strategies and new technology and produc-
tion systems.

What is not needed is the euphoria or glorification of
specific technologies as being the magic wand for
solutions to all problems. What is also not needed is the
“eyes-closed” approach to the development and potential
of such technologies as being totally irrelevant to
developing country situations as perpetuating unemploy-
ment, creating hazards, etc.

What in fact is needed is an alertness to the
implications of technological advances, a receptivity to
change, when one must, a resilience in policy and a
technological readiness to absorb new technologies.

The variety of technological changes taking place have
no clearcut borderline and national policy making may
have to take place in a dynamic and uncertain context.
The history of technology development and usage has
shown that a basket of technologies—advanced and
perhaps more appropriate—has contributed to the
solution of developmental problems. The problem
here is the time perspective. In the last analysis every-
thing becomes available—some at high cost and some
as a trickle. The response of the developing countries
to this new challenge may well determine the quality
of life for the vast masses of human population in the
next century.
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