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INTRODUCTION

It was 52 years ago that the "bombs" were exploded in Hiroshima and Nagasaki.
About a decade later the first nuclear power plant was put into commercial operation
in England.

Every technology is a double-edge swords. Thus, the first event represents the only
application of this technology within its "dark" side, i.e. military; the second
represents its principal peaceful applications, and is within its "bright" side, i.e.
nuclear power production. Both have been occupying the center stage of news
report on and have strongly influenced almost all things about this technology,
including public acceptance - an agenda within this technology which seemingly is
very reluctant to leave the arena.

Over this period, nuclear science and technology (ns&t) has also been colored in
many public minds by the names of famous projects and places such as the
Manhattan Project, Hiroshima, Nagasaki, Three Mile Island, and Chernobyl much
more than by words such as cancer therapy, mutation breeding, radiation processing,
chemical-free processing, environment friendly technology, etc. It may seem that
ns&t for a long more time to come will still be trapped in this image that we know
impedes its smooth and effective integration into our total technology requirement.

But things do not remain static. The recent unfolding of events in the former USSR
and Eastern Europe lead to the diminishing importance of nuclear arms race as the
dominant factor in influencing international relations. This would change the
possible future scenarios of the political, economic, social, and technological
dimensions of ns&t. Industrial and economic might are being assimilated more and
more with political influence and strength. Gradually, perhaps, the advancement of
political ideology would take the back seat to, or share the same seat with,
commercial excellence and economic consideration. The social dimension would be
filled by the concern for environment - clean-up and preservation, elimination of
poverty, and improvement of the quality of life. The recognition accorded to science
and technology, and commercialization as the vehicle for reaping its benefits and to
spur growth, in many countries will create a "new demand" for ns&t to meet.
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eleven nuclear medicine centers are currently operating. All are served by the MINT
technical service and consultancy groups. At the same time, the Malaysian position
on nuclear power program is well-known; that it is an open but the last option after
oil, gas, hydro, and coal. It therefore can be seen that despite the absence of nuclear
power program, which is regarded as the mainstay or the core of ns&t, non-power
applications of the technology have been able to make visible impact. This can
persuade the public to warm up towards the technology positively, thus correcting
its image and easing up its eventual acceptance.

Malaysia is also a rapidly developing country. The positive correlation between the
increasing use of ns&t and the level of development in the country points to the fact
that ns&t does contribute to overall development objectives. In this geographical
region alone, there are many more countries still are developing. If the Malaysian
experience is true for any country, then ns&t is expected to further develop in this
region, thus contributing to the diffusion of the technology, at least in its non-power
applications.

ISSUES AND CHALLENGES

In 1996, The International Nuclear Societies Council (INSC) published a report
outlining the vision of nuclear energy in the next fifty years. The report strikes
optimistic notes on the future of nuclear energy and its non-power applications. It
estimates that by the year 2050 nuclear power and natural gas will be responsible for
the world energy requirement as the utilization of oil and gas declines. It also
estimates that nuclear power will supply about 40% of the total electricity demand of
the world. To achieve that, the report also cited some issues which needs to be
handled. These include capital outlay for nuclear power generation, plant and
operational safety, waste management, nuclear weapons proliferation, the
environment, and public acceptance.

For many countries, the cost of setting-up a nuclear power program is still
considered high when the needs for waste storage and disposal as well as the need
for having well established engineering capability and infrastructure for sustaining
the program, including the cost of the power plant itself and the need for liability
insurance, are considered. For that reason, the growth of nuclear power production
will be influenced by the rate at which developing countries of the world
industrialize. Developments in nuclear reactor technology especially in enhancing
operational safety, in reducing its cost, and in finding solutions to radioactive waste
issues can have positive influence on the growth.

The issues of safety, radioactive waste, nuclear weapon and proliferation, the
environment, and public acceptance are common threads running across all
applications of ns&t. The blurring of the picture between the applications of the
technology for weapons production, power, and non-power applications in the mind
of the public renders the commonality of the issues. While priding ourselves on
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Could all that serve as pointers that ns&t would fare better in the future or has it
reached the plateau of its S-curve? The correctness of any answer to this query can
only be ascertained after the fact. Nevertheless, trends and current issues can assist
us in predicting the answer. Towards that end and for attempting to fathom what
the new era of ns&t would be, we shall look herein some issues, challenges, and
strategies facing the technology.

THE GROWTH OF NUCLEAR SCIENCE AND TECHNOLOGY

By applications, ns&t can be categorized into two at the topmost level, viz. non-
peaceful and peaceful. The non-peaceful applications as we know is its exploitation
for weapons purposes. The peaceful applications can further be divided into two
categories, viz. power and non-power applications.

The development of ns&t was motivated by the bomb, but its growth is not; rather
the growth is being adversely affected via negative public perception by the very
motivation it was developed in the first place. The setting up of national laboratories
and research institutes during the formative years of this technology were for the
sole purpose of developing the bomb. The race towards achieving this aim is one of
the most written about history of the development of science and technology. In
later years, however, perhaps after the Second World War, national research
laboratories in ns&t were established for the purpose of exploiting its peaceful
applications, or at least those were the stated objectives. This has been the
mechanism by which this technology grows by diffusion to developing countries.
Perhaps it is correct to say that horizontal proliferation of the technology occurs in
its peaceful applications; and with the efforts to dismantle nuclear weapons program
or at least curtail it, the image of this technology could improve in the future,
provided that the conversion of its defense aspect to commercial aspect and other
technical issues surrounding its applications for power production (e.g. waste and
safety) are managed effectively.

The power application of ns&t refers to its utilization for electricity power
generation using nuclear power reactors. Nuclear power generation has shown
remarkable growth until after the Three Mile Island accident in 1979. This accident,
even though did not result in the release of significant level of radioactivity to the
environment, has detrimental effect on the growth of the nuclear power industry.
Existing plant orders were canceled and future plans were put on hold or scrapped
altogether in many countries. This situation was made worse by the Chernobyl
accident seven years later. Except in a few countries, notably France and Japan,
nuclear power programs seem to have its fate buried or at least stagnate. The
situation however may be different in other growth areas of the world. In addition,
concern for global warming, acid rain, and the need to conserve non-renewable
energy resources could bring nuclear power back into life.
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The non-power applications of ns&t is the least known domain despite the fact that
it cuts across most of the main socio-economic development sectors: medical,
industrial, manufacturing, agriculture, and the environment. Indeed, a mention of a
real contribution of ns&t in any of these sectors to the public sometimes draws a
surprise look, but that is usually followed by a nod of agreement and satisfaction that
there are more to this technology than just weaponry and power production. A lot
of the applications of this technology for non-power production are the spin-off of
either the weapons application or the power production applications (e.g.
radiography, mutation breeding, radioisotope production, etc.). This is expected
since the technology was not developed for this purpose initially.

While the power applications side of this technology is experiencing a general
slowdown, its non-power applications continue to expand. The active involvement
of many countries in this area, for example via the IAEA programs, in upgrading
national capabilities in the peaceful uses of this technology is an indication of its
healthy growth. It is quite logical that the nuclear power program is preceded by the
establishment of its non-power applications. In that manner, capabilities and
infrastructures - technical as well as administrative, can be set up and built for the
technology to take root in the country. These capabilities and infrastructures will
form the foundation for nuclear power program. In fact, successful applications of
this technology in the non-power sectors have encouraged others to view it as a
useful tool to solving practical problems. To illustrate, and to provide some clues as
to possible strategies for further diffusion of this technology, let us take the example
of its development in Malaysia, a country without nuclear power program but with
an active program in non-power applications of the technology.

Nuclear science and technology in Malaysia has a humble beginning with the
applications of isotopes and radiation for medical purposes forming the main
activities. It experienced a steady growth following the establishment of the
Malaysian Institute for Nuclear Technology Research (MINT) in 1972. The national
administrative infrastructure for this technology to operate was completed following
the setting up of an independent nuclear regulatory agency, the Atomic Energy
Licensing Board (AELB), in 1985. In 1986, MINT began offering its expertise and
capabilities which had that far been developed through a technical service and
consultancy group to end-users both in the public and private sectors for nominal
fees. Among the first being offered was neutron activation analysis using its 1 MW
TRIGA Mk II reactor. The services received encouraging response. Today, there
are several technical service and consultancy groups in the Institute serving
customers in the various economic sectors. The services rendered range from non-
destructive testing, supply of radiopharmaceutical kits, generation of new species of
crops and horticulture, tissue grafts, industrial plant quality assurance, non-chemical
sterilization, waste management, radiation safety, to environment monitoring. The
revenue generated also increases yearly. Gamma sterilization technology which was
first demonstrated by the Institute to be safe and economically viable in the
commercial world has successfully been transferred to the private sector. Starting
from only about five nuclear medicine centers in the country some fifteen years ago,
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upholding safety standards, our failure in being forthright and forthcoming
occasionally on incidents that involve matters perceived by the public as important to
safety, even admittedly of no grave concern technically to us who know the subject
matter, affect the credibility of our voice in projecting objective view on ns&t.
Generally, the public tend to believe less, or disbelief altogether, statements coming
from the nuclear community. If this situation persists then the effort on public
acceptance is an uphill battle all the way. The challenge then is to win public
support.

While there has been no addition to the list of nuclear weapon states (NWS), the
issues of proliferation and upgrading of capabilities in this area in threshold countries
as well as the readiness of the NWS to dismantle their weapon program, the issue of
proliferation, and more recently the issue of surplus nuclear materials from defense
program occupy the political dimension of this technology. The strengthening of the
international safeguards regimes, the efforts to reduce stockpiles of nuclear arsenals
in the world, and the many initiatives to form regional nuclear weapons free zones
are some developments on the positive side. In addition, the linkage between
peaceful nuclear program and its military uses is a no less important issue. In this
regard, the effect of the "trigger list" items on international trade and genuine
technology transfer and development must be minimized.

The control and accounting and the usage of plutonium from dismantled nuclear
weapons program in civilian nuclear power program, as well as the potential of
diversion and theft pose several challenges to the nuclear community. Measures to
detect illicit trafficking has already been installed. The effectiveness of this
mechanism must be assured. Another legacy of the defense program is
environmental clean-up of defense laboratories in the US. Even though this is of
remote technical and financial concerns to other regions, the effectiveness of the
operation can enhance the image of the technology.

Issues on non-power applications of this technology are centered around the
economics of the technology utilization. In some cases, nuclear technology is used
only because it is the only choice - the only technique that can do the job. In other
cases, there exist direct or indirect competition from different methods. In this
respect, driving forces external to technology such as environmental regulation and
laws are instrumental in deciding the choice for using the technology. Technology
alone does not make things happen; the political, economic, and social dimensions
must also create conducive environment for it to grow. Regulations for example
play the dual role of promoting the use of the technology as well as ensuring its safe
and proper applications.

In commercializing nuclear technology, at issue is it is seen to be capital intensive
which is one of the entry barriers for small and medium scale enterprises. It is also
seen that newly formed companies, driven by techno-entrepreneurs, are more
receptive to adopting new technology. Large, well-established companies have
much already being tied up with "old" ways which needs to be retrofitted or
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modified before nuclear technology can be used. In addition, nuclear processes are
also efficient that the volume for its economical operation, e.g. reasonable capacity
utilization, may not yet exist, especially in developing countries. An obvious case for
this is nuclear power which require certain base load level before the program can be
justified, else there will be excess capacity.

The issues enumerated above are by no means exhaustive. Some may only be
regional in nature, while others are universal, geographically as well as technically.
In the technological dimension, rapid progress in other areas poses additional
challenge to ns&t. Development in new material requires further developments in
non-destructive testing technology, for example for non-metallic materials. There
are of course other examples of this kind. In this complex world, other issues will
emerge, and it is up to us to seize the opportunity presented by them.

SOME STRATEGIES

In the aspect of public acceptance or lack of it, the degree of adversity towards the
technology varies across the entire spectrum of its applications; from almost no
rejection for medical purposes to complete rejection in weapons applications. The
general public do not reject ns&t outright, but they are quite discriminative in their
oppositions to ns&t. We need to capitalize on those positive traits of this
technology and emphasize more of this aspect in our efforts in public acceptance and
education. We need to be more rigorous in tackling public information efforts. This
includes being more transparent, forthright, and timely in our explanation of events
that are of concern to the public. Delayed admission and apology do not help
towards erasing public attitude that the nuclear community is secretive and is
promoting the technology out of self interest. The public is concerned and they want
to know. Unless we fill in the news, others who are unsympathetic to ns&t for
whatever reasons will fill the gap.

While it may be unreasonable to expect drastic change in public attitude, other
developments may alter the image of this technology. Rapid progress that has given
rise to environmental pressure and public concerns thereof is a real potential that
ns&t can tap. Peaceful applications of ns&t have a lot to offer in this area.
Radiation processing, as example, not only reduces the usage of toxic and hazardous
chemicals, but is also able to turn wastes into useful material. Rarely this potential is
known to the public and even to the potential beneficiaries too.

Nuclear science and technology is also rarely regarded as the mainstream technology
without nuclear power program since the latter is seen as the nuclear "industry."
This is in contrast to other technologies, electronics for example which serves the
electronics industry. Being a tool as it is, ns&t has no "natural home," rather it
dwells in several areas. This is not necessarily a disadvantage. This diversity in its
applications provides an invaluable platform for us to interact with many areas of
human endeavor.
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The Malaysian experience shows that commercialization is an important element in
realizing the benefits accrued by any technology, ns&t included. Indeed, the survival
and further growth of institutions, and technology, depend on them being
continuously relevant to the needs of the time. The Malaysian experience also shows
that for the business community to commercialize the technology, they need to be
shown the way. Thus, technology development needs to go the extra miles closer to
commercial world, for example through the setting up of commercial or semi-
commercial scale demonstration or pilot plants. In this manner, the economic
viability of the technology can be demonstrated and potential entrepreneurs will be
able to gauge financial risks and rewards associated with it.

As new technologies emerge and existing ones progress our capability to
comprehend all of them becomes limited. At the same time, the degree of
dependencies between them increases - technology fusion as well as technological
interconnectedness. Thus, there are needs for nuclear technologists to widen its
knowledge base encompassing at the least those areas in which ns&t can contribute.
In this respect, vertical networking between the practitioners of ns&t with other
technology practitioners/ providers becomes essential.

THE FUTURE

Looking on the positive side, despite adverse public reaction, ns&t in general
continues to gain followers and users. Nuclear power reactors are still generating
electricity and its other peaceful applications are contributing to the development of
the socio-economic sectors of many countries. The network of international as well
as regional cooperation for nuclear safety and agreement for nuclear weapons free
zones, among others, should provide the international administrative infrastructure
for ns&t to continue serving humanity in the next century.

In respect of nuclear power, the Asia and Pacific region is experiencing rapid
growth. Its energy needs will increase in the future. At some point, nuclear power
may become favorable again as the ability of conventional energy resources to fulfill
energy needs decreases and the pressure to reduce environmental burden increases.
Within the next century, other regions of the world is expected to be on the same
path. The early starters of the West would experience capacity degradation due to
aging of their nuclear reactors; this needs to be replaced. If the two coincides, then
there would be enough motivation for further development and utilization of ns&t
for power production.

In the non-power applications, industrialization of countries in the developing
regions will create new avenues for nuclear technology to grow. Efforts to de-
militarized the technology would create new civilian applications. Again assuming
they achieve a synergy, growth of ns&t in the future can be expected.
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However bright an area is, there are always shadowy spots which we have to look at
and avoid. I believe the success of ns&t in the future depends not only on our ability
to be in the bright areas but also our resolve and ability to contain the shadowy spots
from spreading.


