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Abstract. This paper attempts to identify issues facing nuclear research centres by tracing the
development of the Malaysian Institute for Nuclear Technology Research (MINT). Approaches taken
to arrive at the strategies in the areas of research and technology development, co-operation and
technology transfer, and commercialization are highlighted. Interspersed in that review are some of the
issues that are then collated in the Issues section.

Introduction

Nuclear power, which is generally regarded as the mainstay of the peaceful applications of
nuclear science and technology, is the last option in the Malaysian national energy policy. As
such, Malaysia currently has no nuclear power program.

This situation does not disadvantage MINT, which was established with nuclear power
program as one of the considerations, for that enables it to concentrate in non-power
applications of the technology that spans all major socio-economic sectors (agriculture,
industry, manufacturing, medicine, environment, etc.). Success in these areas of application
could swing the generally negative public perception on nuclear technology towards one that
would be more supportive of it so that future introduction of nuclear power program, if and
when the need arise, would not be faced with great misunderstandings and oppositions.

MINT was established in September 1972 as Tun Ismail Atomic Research Centre
(PUSPATI). In June 1983 it was renamed Nuclear Energy Unit (UTN) following its
placement under the Prime Minister's Department. In October 1990 it was retransferred to the
Ministry of Science, Technology and the Environment and in August 1994 it adopted its
current name. The change of name to MINT better reflects the technology-orientation of the
Institute. In addition it should also be noted that nuclear energy or atomic power is after all a
subset of nuclear technology.

These changes, taking place at about a decade intervals, reflect "virtual milestones" or stages
in the development of the organization. During the formation stage in the 70s to early 80s the
site of the complex was acquired, buildings and facilities erected, and the core staffs recruited
and trained. In fact the 1 MW TRIGA Mark II research reactor went into criticality in
June 1982. The next stage is the capacity building stage during which several research support
facilities were set up and put into operation; among the early ones are those related to the
utilization of the research reactor such as NAA and radioisotope production.

In 1994, at a strategic plan workshop, the upper and senior management staffs formulated
MINT's mission, viz. "to enhance national development and economic competitiveness
through excellence in nuclear and related technology." The workshop also formulated
MINT'S vision, objectives, and strategic thrusts that are all compiled into a book entitled
"MINT Corporate Plan 2000." The mission statement clearly identifies the purpose of
MINT's existence, its stakeholders, and the explicit recognition that nuclear technology can
contribute to national development. It also recognizes the fact that other, related, technology
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should also be considered to bring all to bear. The workshop indeed set the tone for further
development of the Institute.

In November 1995 a new organization structure was put into effect that placed all MINT
activities into three major programs, viz. corporate, Research and technology development
(R&TD), and business operation program. Each program is like a piece of a jigsaw puzzle,
individually it means little, but reveals the continuum of technology transfer process from
development to the market place when assembled. The corporate program provides the overall
support (administrative, information, finance, international affairs), the R&TD program
conducts research and technology development as well as provides technical services, and the
business operation program is the gateway to the end-users.

As a further step in moving ahead, MINT is working towards elevating its status to a statutory
body that would enable it to form technology companies or joint-venture business operation
with the private sectors. With that status, some of the constraints that hinder efficient
technology transfer can be overcome.

Research and technology development

Management

To better utilize existing capabilities all research projects are now clustered into several
project groups under six divisions. The approach of grouping researchers based on
methodology or expertise, which worked well during the capacity building stage, was
abandoned. This expertise is now directed or used in projects that focus on a specific area. For
example, capability in mutation breeding, soil-plant relationship, pesticide residue analysis,
etc. are used to implement projects in the Fruit Industry project groups of the Agrotechnology
& Biosciences Division.

This arrangement smoothen interactions betwe^r +he various expertise and capabilities needed
at various stages of project implementation especially since most projects are
multidisciplinary in nature. Also, it contributes towards enhancing the synergies between
projects and minimizes the occurrences of "orphan" projects; thus contributing to the
attainment of project critical mass in any particular focus area.

To support the structure a three-dimensional matrix management system is adopted. The axes
of the matrix are the division (in which administrative matters pertaining to the division are
handled), project groups (in which research activities are taking place), and the service groups
(in which technical services are rendered to both internal and external "customers"). This
arrangement also optimizes resource utilizations by enabling them to be used efficiently
across several projects. We believe that this approach will be continued in the years to come
as a way of maximizing the use of limited resources.

R&D orientation

MINT adopts a stand that all research must be mission-oriented, meaning that it must serve
useful ends, not merely for the sake of knowledge. Research needs to solve real problems or
create opportunities in the medium term. In line with this stand, all research project proposals
are reviewed to ascertain among others that end-users are identified, adequate infrastructure to
support and sustain the project is available, duplication is avoided, and the project objectives
support the overall objectives of the relevant project group.
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The question of whether R&D should be market or demand-driven or technology push in
orientation is settled with the view that both are appropriate. Demand-driven research is
externally motivated whereas technology push is normally internally generated. The latter has
its own merit in that it opens up possibilities in generating new processes, services, and
products or improving existing ones whereas the former rests partly on the premise that the
market knows what is available or demandable.

Research funding

The main funding sources for R&TD at MINT are the Intensification of Research in Priority
Areas (IRPA) fund, development budget under the government's five-year development
program, MINT'S own trust fund, and other sources.

The IRPA fund was introduced by the government in 1986 in the move towards elevating the
role of S&T in line with the approach of achieving growth through productivity enhancement
or productivity-driven growth. Thirty-three research institutes and other public agencies,
including universities, are eligible to bid for this funding. Currently, over 20 research projects
at MINT are funded by IRPA.

The development budget is for financing capital equipment, infrastructures, and maintenance
activities that are to be implemented in that five-year planning period. We are now in the
fourth year of the Seventh Malaysia Plan. Buildings and facilities for physical sciences,
commercial tissue culture, polymer-plastic industrial laboratories, and biomaterial laboratories
are among the development projects now in progress.

In 1986 MINT set-up a trust fund for depositing revenues generated from services rendered to
clients in both the public and private sectors. In addition to financing activities related to the
rendering of these services the fund is also available for research, especially for technology
re-investment that would contribute to the enhancement of the quality of services.

Other sources of fund include research contracts, MOUs, and other government S&T-related
funds such as the Industrial Grant Scheme (IGS), Commercialization of R&D fund (CRDF),
and Technology Acquisition Fund (TAF) that are managed by a government technology
venture capital company, the Malaysian Technology Development Corporation (MTDC).
However, the MTDC-managed funds are opened only to the private sector for projects that are
jointly implemented with a research institute. Together with private companies, MINT is now
conducting a project on thermal oxidation plant under the IGS, a project on cross-linking of
wire and cable under the CRDF in addition to a research contract on surface curing; and
MOUs on tracer applications and other areas.

Due to the varying scope of coverage of the funds, most of MINT's projects are therefore
multiply funded. For the same reason MINT regards the IAEA TC and other regional co-
operation program such as the RCA as highly essential especially for the provision of
expertise, technology, and human resource development. Funding management of some
projects at MINT, therefore, includes co-ordinating the channeling of these sources at various
stages and for various aspects of implementation of the projects.

Overall, it can be concluded that the improved stature of and support for S&T at national level
provides the kind of environment conducive to further growth of nuclear science and
technology in the country.
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Co-operation and technology transfer

Mechanism

The mechanisms for technology transfer and co-operation practiced by MINT include MOU,
project agreement, research contract, licensing, and service contract.

The MOU is an agreement between parties to the MOU to co-operate in areas of mutual
interest. The areas of co-operation, modes of implementation, costs, and ownership of
intellectual property rights (IPR) that may arise from the co-operation are detailed out in
project agreements that become part of the MOU. research contract, as the name suggests, is
an agreement by MINT as a research contractor to undertake research works required by the
contractee. Whereas in MOUs the project costs are shared and IPR are jointly owned between
the parties, in research contracts project costs are fully borne by the contractee that also has
full ownership of any IPR that may result.

Licensing and service contract are commercial arrangements with the private sectors. In
licensing a private company is given the right to commercialize technology that was
developed at MINT in return of a fee. Our experience in this arrangement, however, was not
encouraging. Service contract on the other hand is a contractual obligation between MINT
and a client for MINT to provide technical services to the client at an agreed cost. This
arrangement is mostly used in sterilization and irradiation services using the MINT'S gamma
irradiation plant, Sinagama.

Needless to mention that seminars, conferences, workshops, and training courses continue to
be regular events that are held every year as mechanisms for technology diffusion, promotion,
and awareness.

Programme and activities

To date MINT has close to twenty active MOUs with various parties, including with almost
all of the major universities in the country, covering diverse areas. In the agriculture sector
mutation breeding and mass propagation of ornamental plants with a private nursery and
study of rice agro-ecosystem with an agriculture development authority (MADA) are now on-
going. In radiation processing a joint project to study the use of EB for flue gas treatment with
the research arm of a utility company is now on-going. In the environment sector tracer
technology is the central methods used in a MOU with a power utility company to investigate
sedimentation problem at its cooling water intake pipe. There are other MOUs, but the above
typified their scope and coverage.

The MINT-MADA co-operation resulted in the publication of a 255-page reference book
entitled "Rice Agro-ecosystem of the Muda Irrigation Scheme, Malaysia" in 1998. In the
same year another book entitled "Research Highlights on the use of induced mutations for
Plant Improvement in Malaysia" was also published. Books on "Case Studies on Tracer
Applications in Malaysia" and "Food Irradiation" are scheduled for publication next year. In
promoting knowledge and awareness of the technology MINT, together with other
government agencies, private sectors, and NGOs hosted international conferences on nuclear
technology-related areas for the past three years. The latest was the 7th International
Conference on Radiation Curing or RadTech Asia '99 and RadTech Asia Expo '99 that were
held in August 1999.
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To further enhance technology transfer and collaboration MINT designated its second
complex at Dengkil as the MINT Technology Park (MTP). The Park, officiated by the Prime
Minister in January 1999, provides the necessary infrastructure and support for joint
technology development and commercialization efforts with private companies, including the
site for demonstration or semi-commercial pilot plants.

Pilot plants

If the process of technology transfer for other technology areas is having difficulties, then for
nuclear technology the difficulties are even more. First there is public acceptance issue, and
then there is the unfamiliarity with the technology issue.

In addition, it takes real demonstration of the technical and economic feasibility of technology
for the private sector to be convinced of it. In that manner, the private sector can assess the
risk involved in venturing into such operation and adopt appropriate strategy to minimize risk
and maximize profits. It is with this in mind that MINT goes the extra length of constructing
and operating plants of semi-commercial capability. One such plant is the gamma irradiation
plant, Sinagama. The plant obtained the ISO 9002 certification in 1992 in addition to EN
46002 certification and the USAFDA current Good Manufacturing Practice. Based on the
success of this plant, a private company set-up a similar facility in 1994. Recently agreement
was reached between MINT and another private company to jointly set-up Sinagama-2 next to
the existing plant.

We believe the RVNRL, EB cross-linking plant, and others will in future replicate this
success.

Commercialization

Commercialization inevitably means dealing with the private sector whose culture, work
practice, goals, and requirements very much different from those of nuclear research
institutes. To commercialize the technology therefore, it is usually the research institutes that
need to make the adjustments that would accommodate as far as possible those requirements.

MINT started offering nuclear technology to external users in 1986 for a nominal fee. Among
the first service is NAA. Today MINT has ten technical service groups ranging from
personnel monitoring, equipment calibration, industrial plant assessment, irradiation, to
human resource development. Each group has one or more specific technical services area.
They are offered either as service contract, consultancy, fieldwork, or training. The proceeds
from this activity grow every year as also the number of customers. Statistics shows that on
an average 76% of the annual revenue was generated from services rendered to the private
sector and the remainder from the public sector.

Of more significance than the amount of revenue collected, however, is the creation of a new,
"nuclear" market which was not there before. This activity, nonetheless, will become more
important with the government policy of requiring industrial research institutes to generate
revenue of up to 60% of its annual operating budget by the year 2000. Turning MINT into a
statutory body thus is a strategy both for facilitating technology transfer as well as generating
revenue in the process.

Some of the steps taken to improve MINT'S services as well as to gain confidence of the
private sector include having a client charter, a credit policy, IPR, and quality accreditation of
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key facilities. Twelve laboratories have been identified for ISO Guide 25 accreditation; three
are now at advanced stage of the accreditation process. With respect to IPR six patent
applications have been filed and one product trademark registration is being processed. The
client charter states MINT'S obligations in dealing with the services it rendered. In fact for
several years government agencies are required to have a client charter in a move by the
government to further improve public sector administration and management practices.

The issues

The main issue in the author's opinion is making nuclear research institutes relevant to
national development. Other issues (human resource, technology transfer, sustainability, etc.)
are just corollaries. Commercialization of research results is seen to be one of the main
criteria for relevance. To commercialize, the technology must have added value. In order to
have the technology commercialized or adopted by end-users, the issues of organizational
sustainability, further R&D, human resource, competing and alternative technology,
technological development, market sophistication, peculiarity of the technology, among
others will arise; and they are not mutually exclusive.

One of the ways by which MINT brings nuclear technology to the market is by direct
provision of the service by our own personnel. More often than not the person is also the
"developer" of the technology or technique. This is so since the customers have no capability
to undertake the work by themselves. Thus the person ends up implementing the whole range
of the task, from "developing" the technique to applying it. The long term implication of such
an approach is stagnation in technology development since the personnel, often times
qualified to undertake further development work, will not be able to do so. Thus some
technological sophistication should exist in the private sector so as to be able to absorb the
technology to eventually be able to handle the work. The market too needs to have some level
of sophistication in order to find nuclear technology applications useful.

Some of the advantages offered by nuclear technolcgy such as processing speed actually work
towards its disadvantages in small market volume. It can be said that in this case the
technology arrives before its time. Successful applications of radiation processing using
electron beam machine (EBM) for example depends heavily on the availability of the
machine. The capital cost is considered high to most companies, especially SMEs, and the
efficiency too high for the volume available. Usually it is the newly set-up SMEs that are
more responsive to using new technology since the more established companies may find it
expensive to change their existing methods or to retrofit existing systems. In addition,
specialized teams for maintenance and operation are required. Since EBM is such an
indispensable component of this process it is a prime candidate for further development of a
more compact and low-cost machine.

From MINT'S experience the process of introducing a technology to the market including
creating the market from technology "development" takes about a decade. This duration will
become shorter with experience and the presence of market demand. An issue, however, is
sustainability of the capability when compared against interest among students on S&T
related subjects.

Since nuclear technology is a tool to be applied in every sector where it can be useful, an in-
depth knowledge of the sector in which it is to be applied need to be developed by its
practitioner or promoter. To apply nuclear technology solutions in the petrochemical industry
for example, the personnel must have some knowledge of petrochemical plant layout,
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working principles, safety procedures, alternative methods, etc. To develop this knowledge
some exposure and active interactions has to be provided to the personnel. There are a host of
other issues, but with careful analysis and strategy they can be overcome.

Conclusion

Technology by itself cannot sell. There are other factors beyond technology that contribute
towards the creation of the necessity to have it. Some of these include the PESTEL factors
(political, economic, social or situational, technology, environment, and legislation). Some of
the PESTEL factors can be controlled or initiated from within MINT; others are outside its
jurisdiction or capability. Nevertheless by always be aware of these factors nuclear
technology can be made relevant and nuclear technology solutions sought after.
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