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MESSAGE FROM THE PROJECT LEADER

Dear friends,

| am delighted to report to you that the
ASEAN Technology Foresight and Scan
final report is now in the finalizing
process. Unfortunately, Malaysia has
not submitted their final report yet. |
would like to take this last opportunity
to urge the Malaysian team to submit
the final report as soon as possible so
that our task will be completed.

This issue contains final reports of
Thailand and Vietnam. Thailand topic is
Future Needs of Top-End Manpower for
Biotechnology Development in Thailand.
The study contains a set of
recommendations of how, in practice,
Thailand can develop quantitatively and
qualitatively human resources to satisfy
the development of biotechnology and
biotechnology industry in the next five
years (2005 - 2009). The methodology
used in this study is a combination of
economic modeling and expert opinion
analysis that took several restrictions
to estimate the future needs of
biotechnology manpower including
suggestions and strategies.

Vietnam project aims to experiment on
building up a roadmap framework for the
development of Vietham'’s biotechnology
industry up to the year 2010. Technology
roadmapping is selected to be the main
tool for this planning that gives an
importance to the private sector as the
prime actor, of both planning and
implementing. It enables various
stakeholders to take a systematic
approach to identify a clear development
goal, and components to reach the goal,
i.e. market needs, products needs,
technology needs, and R&D or S&T

needs. This project results in plans of
actions seen as an important stepping
stone for biotechnology development.

Finally | would like to invite you to join
the APEC Symposium on Foresighting
Future Fuel Technology in Chiangmai, a
Province in the north of Thailand during
3-4 November 2005. The project main
objective is to study the long-term issues
of future fuel supply in the APEC region
and potential solutions through the
development and commercialization of
emerging technologies.

The symposium is part of the APEC-wide
foresight project which has conducted
scenario creation and technology
roadmapping workshop in Thailand,
Canada and Chinese Taipei.

So this will be a great opportunity for
those who interesting in the future of fuels
including biofuel, unconventional
Hydrocarbons, and hydrogen.

For more detail and registration, please
visit http://www.apecforesight.org/
onlineregistration/

Enjoy reading.

Dr Chatri Sripaipan

Project Leader

Senior Advisor

National Science and Technology
Development Agency, Thailand



http://www.apecforesight.org/onlineregistration/
http://www.apecforesight.org/onlineregistration/

Authors: Kitipong Promwong and Chuleeporn Aroonsangsuree
National Science and Technology Development Agency

Summary:

In 2004 the Biotechnology Subcommittee on Manpower
Development commissioned a foresight study on
biotechnology manpower development. The study caters for a
set of recommendations of how, in practice, Thailand can
develop quantitatively and qualitatively human resources to
satisfy the development of biotechnology and biotechnology
industry in the next five years (2005 - 2009), as contemplated
in the National Biotechnology Policy Framework (NBPF) 2004
- 2009 and in the long run. The National Center for Genetic
Engineering and Biotechnology (BIOTEC) as the secretariat
to the subcommittee, therefore, formed a steering committee
comprising 19 experts in related fields to navigate the study.

The methodology used in this study is a combination of
economic modeling and expert opinion analysis. This took
several steps. First, the secretariat team analyzed relating
economic and technological information to get the present
situation of biotechnology development in Thailand and the
demand and supply of human resources. Then models to
estimate the future needs of biotechnology manpower with
particular skills and levels were adopted based on sets of
assumptions (preferable scenario) resulted from expert group-
meetings. The trend of future demand for skills and manpower
obtained by such estimation, and assessment of current
capacity of the supply side provided possibility for a gap
analysis. Once the gap between the future needs and the
capacity to supply manpower of particular skills and levels
was identified, the expert group (also functioning as the
Steering Committee) suggested what could be done and how
it could be done, in term of human resource development, in
order to achieve targets set out in the NBPF.

The study found that to meet the development targets set out
in the NBPF, there will be a need of about 90,000 additional
top-end science and technology (S&T) personnel within the
next five years (2005-2009). However, based on the present
trend of domestic supply capacity of S&T human resources,
there is a tendency of serious shortage of personnel,
particularly, at the high skill levels including star researchers
and those holding a Ph.D. It is also observed that there is a
tendency of shortage of the so-called "hybrid" knowledge
workers (persons with extensive experience or being well
trained in the field of business and posses S&T background).
Moreover, apart from the problems related to quantity, there
are also mismatches between demand and supply of human
resources in term of quality. Based on the private sector’s
point of view, newly graduated students in general lack ability
to effectively learn new things. Another finding worth-mentioning

here is that certain industries (for example, seeds, functional
food and diagnostic kits, among others) appear to move
towards more knowledge-based activities. This will bring about
the need for upgrading existing personnel to be able to work
at a higher skill level.

Based on these findings a number of policy strategies and
measures were recommended by the Steering Committee.
These encompass, for example, encouraging imports of
knowledge workers as well as building of linkages with experts
(star researchers) overseas, improving incentives to attract
outstanding graduates into career of research, increasing
number of scholarship for postgraduate students, increasing
funding for research projects related to postgraduate study,
promoting industrial internship of students as well as
increasing number of ‘practice school'.

1. Introduction

The government of Thailand has foreseen the potential of
biotechnology towards the development of the country, based
on the fact that Thailand has an abundance of biological
resources and the capacity to fast-track certain aspects of the
technology. It, therefore, in March 2003, established the
National Biotechnology Policy Committee (NBPC), chaired by
the Prime Minister himself, to take charge of formulating
national policy and strategies in order to accelerate
development biotechnology in Thailand. The National Center
for Genetic Engineering and Biotechnology (BIOTEC) under
the National Science and Technology Development Agency
(NSTDA) has been assigned to be the secretariat of the
Committee. A month after its establishment, NBPC ordered
NSTDA in cooperation with the National Economic and Social
Development Board (NESDB) to formulate Thailand’s National
Biotechnology Policy Framework 2004 — 2011 (NBPF).

The formulation of NBPF involved three steps which took five
months to complete. The first step was to review current status
and analyze trends relating to development of biotechnology
in Thailand. This was done by commissioning groups of
experts to prepare five reports in five major areas, namely:
modern bio-business, health care, manufacturing, energy and
environment, and self-sufficient economy. This step took three
months to finish. These reports were then used as position
papers for foresight activities which took place in the second
step. In the second step a foresight workshop was conducted.
The output of the workshop was a set of possible scenarios
related to biotechnology development in Thailand in the next
ten years. Following the writing of the scenarios, six main
targets were set out. These include:




Goal 1: Emergence and development of new bio-business;
Goal 2: Biotechnology promotes Thailand to become
‘Kitchen of the World’;

Goal 3: Biotechnology plays vital role in making Thailand a
first-rate healthcare community and healthcare center of
Asia;

Goal 4: Biotechnology is effectively utilized to conserve the
environment and to produce clean energy;

Goal 5: Biotechnology is the key factor for strengthening
self-sufficient economy; and

Goal 6: Significant improvement of systems for effective
development of biotechnology manpower of high quality

The final step was to prepare the final draft of full report to be
approved as NBPF. This involved elaboration of the six goals
— setting up milestones and implementation strategies. To
attain the above goals, a subcommittee was established to
push accomplishment of each goal.

As for Goal 6, the subcommittee initiated this foresight study
on future needs of skills and manpower for development of
biotechnology in Thailand in the next five years catering for a
set of suggestions and recommendations for effective
development of manpower to serve the needs of the first five
goals.

The study began in November 2004. The study took two forms
of analyses, namely, analysis of existing data using an
economic modeling and expert opinion analysis. Primary
outputs of such activities are an estimate of future demand for
manpower of particular skills and levels in order to achieve
the development targets stated in the NBPF.

The remaining of this paper is divided into three parts. Part 2
discussed the methodology used. Part 3 describes main
findings regarding the gap analysis between the future
demand of skills and the supply capacity of qualified human
resources. Part 4 concludes the paper by looking at policy
implications and possible strategies and measures to fulfill
the future needs of manpower for biotechnology development
in Thailand both in the short and longer terms.

2. Study Methodology

The methodology used in this study is the combination of
economic modeling and expert-opinion analysis. The former
involved the analysis of relevant data and information (from
both secondary and primary sources) in order to obtain
estimates of manpower of particular quality (i.e. skills,
experience and qualification) required for future development
to meet the targets set out in the NBPF. Such estimation was

1 Many of them were working in university.

carried out for each of the first five goals. Also, under each
estimate, a set of assumptions were specifically developed
according to targets under a particular goal. This was done by
the secretariat task group.

The latter task involved a brainstorming of experts. An expert
group was set up in the form of steering committee to oversee
this study. The committee comprised 19 members. Of which,
nine are from the industry sector, seven from government
research institutes?, two from universities and one from a non-
government organization. All of the experts are nationally well-
known in their field while some are internationally recognized.

Throughout this study, four Steering Committee meetings and
one target group discussion (representatives from industries
significantly relating to biotechnology) were arranged.
Regarding the Steering Committee meetings, the objective
was to consider and comment on the content and study
procedures drafted by the secretariat task group. This was
done part by part. In the first meeting, they were asked to debate
on the scope and definition of biotechnology and biotechnology
industry which would be suitable to the Thai context. The agreed
definition and scope were then used as a basis for subsequent
discussions. The first meeting also identified key trends and
uncertainties which will have significant influence on
biotechnology development in Thailand in the near future (5-
10 years)>.

In the second meeting, they reviewed and verified quantitative
estimates of manpower of particular skill levels or
gualifications needed to achieve Goals 1 — 5 stated in the
NBPF. It seems worth noting here that behind the estimation
there were sets of assumptions. The experts were asked to
verify these assumptions if they were sensible and valid. Once
these assumptions got approved, the secretariat task group
took them into account projecting the future demand of
manpower required for each Goal. The result of the estimates
was then submitted to the Steering Committee again in the
third meeting for confirmation®. The third meeting also reviewed
and analyzed data on current domestic supply capacity of S&T
human resources by main institutions including key
universities and government research institutes. In the final
meeting an analysis of the gap between demand and supply
of S&T human resources for biotechnology development in
the next five years was performed. Problems related to human
resource development which tend to be bottlenecks for the
effective development were also identified and analyzed. Then
based on these analyses, policy implications and
recommendations were formulated.

Apart from the opinions of the Steering Committee, this study
also collected views from the private firms in the related sectors
including, for example, healthcare, food, seed and bio-service

2 Trends refer to factors which most experts agreed that there is high possibility to occur whereas uncertainties are factors that they are not sure if they will
happen or not. Both trends and uncertainties to be selected are those (if really happen) will have high impact or influence on biotechnology

development in Thailand.
3 Details of the estimation are available from the author upon request.




industries. A target group discussion, comprising participants
who are representatives from the mentioned industries, was
organized to obtain the private sector’s viewpoint on skill levels
of existing personnel in key positions in the industrial sector.
They were also asked to rate the actual score of core skills/
competency of key positions against the expected score. This
would be able to tell those responsible for human resource
development which areas of skills need to be improved.

The results from each brainstorming session were then
reviewed, analyzed and resembled to make a report. The draft
of the report was circulated among the Steering Committee’s
members to obtain final comments before making the final
report.

3. The Study Results and Main Findings
The study comes up with results including:

a) the definition and scope of biotechnology suitable for
Thailand’s context,

b) key factors (trends and uncertainties) which will have
great impact on the development of biotechnology in
Thailand,

c) estimates of demand for additional S&T and
biotechnology manpower required to achieve the
development Goals set out in the NBPF in the next five
years,

d) gap analysis between the demand and domestic supply
of S&T human resources; and problems related to current
situations regarding to human resource development
which can become bottlenecks for future biotechnology
development in Thailand.

All these results are presented in the Annex. However, based
on such results, key findings may be summarized below.

Firstly, to meet the development targets set out in NBPF, there
will be a need of about 90,000 additional top-end S&T
personnel during the next five years (2005-2009). Of which
about one percent are star researchers (researchers with
extensive experience and internationally well recognized), four
percent are those with a doctoral degree and 25 and 70 percent
are those with a master and bachelor degree respectively.

Secondly, based on the present trend of domestic supply
capacity of S&T human resources, there is a tendency of
personnel shortage of particular qualifications or skill levels.
The most serious groups will be star researchers and those
holding Ph.D. While those with a master degree do not show
the trend of serious shortage, those with a bachelor degree in
S&T field in general show a trend of over supply. However, the
reverse trend is observed when the estimation is performed
specifically on B.Sc. in biotechnology.

Thirdly, there is also a tendency of shortage of the so-called

"hybrid" knowledge workers (those who have extensive
experience or were well trained in the field of business and
have S&T background). These hybrid personnel are
increasingly critical especially for the development of modern
biotechnology business.

Fourthly, apart from the problems related to quantity, there are
also mismatches between the demand and supply of human
resources in terms of quality. The study discovered that based
on the private sector viewpoint, most of newly graduated
students though having a good background in term of basic
knowledge, still lack ability to learn new things effectively.
Finally, it is also found that as the business sector is moving
towards more knowledge-based activities, there will be a
substantial need of upgrading existing personnel to be able
to work at a higher skill level.

4. Policy Implications and Suggestions

From the findings it becomes apparent that an expected boom
of biotechnology development driven by the government policy
as stated in the NBPF would bring about a sudden increase in
demand for highly skilled human resources. In the short run,
domestic supply capacity seems so constrained to meet with
such a high demand both in terms of quantity and quality. This
implies that without effective policy and measures to assure
sufficient supply of quality human resources, it is unlikely that
the development target set out in the NBPF will be achieved.

It is the challenge for Thailand to move forward with such a
constraint. A strategy which some countries, like Singapore,
have used when facing the situation of under domestic supply
capacity, is to look for knowledge workers from outside the
country. But this strategy is successful only when incentives
are substantially attractive. The incentives cover not only in
term of money but also in terms of living and working
environment, prestige and so on. In the case of Thailand, to
employ this strategy also needs an improvement of
immigration regulations and procedure.

No one denies that import of foreign experts can only be a
short term remedy. To secure effective supply of human
resources for the development in the longer term, Thailand
will need to build up indigenous capability of education
systems and other mechanisms for human resource
development. The long-term measures may include:

« significantly and continuously increasing investment in
research and development in the area of biotechnology as
well as other S&T fields,

* increasing investment in infrastructure important for
biotechnology development such as bio-parks,

» enhancing domestic supply capacity of top-end S&T
manpower especially those with master and doctoral
degrees through special projects similar to the Royal
Golden Jubilee PhD Program,

 improving effectiveness and increasing the number of
postgraduate scholarships and research support,




» encouraging and supporting capable research institutes
to play roles in producing S&T postgraduates,

« supporting higher educational institutions to constantly
upgrade biotechnology curriculums to be in line with current

global trends,

» promoting and supporting collaboration between related

government agencies and the private sector to initiate skill
upgrading programs for existing human resources in
industrial sector,

» promoting and supporting industrial sector to participate
more in the country’s education systems through
mechanisms such as ‘practice school’ and internship
programs.




Conducted by : National Institute for S&T Policy and Strategy Study (NISTPASS)
Ministry of Science and Technology

Background

Vietham has prioritized biotechnology as one of the
technologies to be developed. The decision is based on the
fact that the country is an agricultural land rich in a wide range
of biological natural resources, known to be great sources of
raw materials for agricultural and aqua cultural production,
food processing, health and pharmaceutical production, and
others.

In 1994, the Vietnamese government issued the Resolution
No. 18 called “The Development of Vietham’s Biotechnology
up to the Year 2010”". The goal was to build up a developed
biotechnology industry, which would be able to produce
biotechnology products, enough for domestic consumption
as well as for exports. Given the situation of low technology
and a small size of biotechnology production in Vietnam, the
Resolution decided to emphasis on importation and
adaptation of foreign advanced biotechnologies. The package
of investment for biotechnology industry comprises 2 parts:
(1) State investment for R&D potential in biotechnology and
(2) investment for development of biotechnology companies
in terms of government’s incentives such as taxes, credits
and other forms of support.

Recently, the Viethamese government approved the “Vietham’s
Science and Technology Strategy up to the Year 2010", which
once again identified a strategic goal of investing in several
key biotechnology industries for producing plant and animal
varieties, pharmaceutical production and food processing
industry.

From both orders, the following challenges arise:

(1) How could we transform the strategic goal into
biotechnological projects and actions?
Who (government, state-owned enterprises, private
companies) would be or should be the main player
in realization of the strategic goal?
Which market segments should Vietnam’s
biotechnology innovation system penetrate by the
year 2010?
What kind of policy framework would make Vietnam'’s
biotechnology innovation system operate efficiently
to meet market demand for biotechnology products
and services?
What are the paths that could be mapped out to reach
the goal identified?
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The challenges comprise both biotechnology S&T issues and
industrial development issues which would not be very fruitful

to think in separation as in the common thinking model in
Vietnam. The traditional thinking is partly due to the fact that
the S&T policy making process is yet to integrate industry and
investment needs into their decision making, and there is a
weak relationship with actors in the innovation system.
Therefore, strategic goals are hardly translated into tangible
action plans.

The ASEAN Technology Foresight and Scan Project has
provided methodological knowledge of foresight and support
to participating countries to apply to their issues of importance.
The project on Roadmapping the Development of Vietnam’s
Biotechnology 2006-2010 has applied the foresight's
participative thinking and planning model and expected to earn
collaboration from various sectors to chart out a clearer
roadmap of Vietnam’s biotechnology development.

Objective

The objective of the project is to experiment on building up a
roadmap framework for the development of Vietnam’s
biotechnology industry up to the year 2010.

In this project, biotechnology industry is defined as the
innovation system of various institutions involving in the
process of producing biological products and services by using
microbiology, genetic engineering, enzyme technology as well
as other supporting industries. Such institutions include firms,
R&D institutions, education and training establishments,
market intermediaries, governmental management agencies.
Innovative firms are focused as the central players in the
innovation system.

Foresight Tools

Technology roadmapping is selected to be the main tool for
this planning. Given the difficulties of both funding and sources
of experts available, the project team mainly aims to learn
how to apply the new roadmapping technique to biotechnology
planning and demonstrate it to stakeholders. SWOT analysis
is an additional tool to start the thinking process.

Technology roadmap is a practical foresight tool which gives
an importance to the private sector as the prime actor, of both
planning and implementing. It enables various stakeholders
to take a systematic approach to identify a clear development
goal, and components to reach the goal, i.e. market needs,
products needs, technology needs, and R&D or S&T needs.




Activities

A working team was set up and met in January 2004. The
team comprises members from the NISTPASS, MOST, Ministry
of Industry, and Ministry of Education and Training. Then an
environmental scanning was undertaken from February to
December 2004 and two papers were written; (1) Global trends,
and (2) Review of Vietham’s biotechnology development.

In January 2005, the working team held a brainstorming
workshop for SWOT analysis and designed the roadmapping
steps. Finally in May 2005, a roadmapping workshop was
organized participating by 25 scientists, state management
officers and businessmen.

SWOT Analysis

The review of Vietnam’s biotechnology development has
shown its weaknesses:

(1) Most of the developments in Vietnam are in the
first or traditional generation, with some in the
second or sub-modern generation i.e. tissue
culture, enzymes and human vaccines.

Biotechnology development in the world could be
categorized into three generations. The first or
traditional generation uses selected biological
organisms to produce food and drink. The main
cluster of techniques in this generation is
fermentation, plant and animal breeding and the
clone propagation of plants. The second or sub-
modern generation uses pure cell or tissue culture
to yield new products such as antibiotics, enzymes
and vitamins. And the third or modern generation
involves in DNA technology.
2) Most of the products are produced by small and
medium scale enterprises such as bio-
insecticides, bio-fertilizers, vaccines for livestock.
3) Supporting industries i.e. chemical, mechanical,
automation, mechatronical, are very weak.
(4) There are only around 100 private bio-firms in the
whole country.
(5) There is a shortage of resources: investment,
equipment, and qualified scientists and
technologists.
(6) There is an institutional bottle-neck: weak linkages
with innovative players, administrative hurdles.
(7) There is no leading agency such as a national
biotechnology steering agency.

Strengths:

(1) The country is rich in a wide variety of biological
materials of both animals and plants.
The population of 80-100 million people is a large
market for bio-products.
There is a possibility of a large pool of potential bio-
manpower (to be trained domestically or overseas).
The government gives it a priority as equal as ICT.
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Opportunities:

(1) A large supply of bio-material sources available to be
imported.

(2) As bio-issues such as infectious diseases, GMOs
are in high interest in the world, developing countries
could take the opportunity to learn from them and
build capacity.

Threats:

(1) There is a big gap in term of local capacity (30-50
times behind developed countries) and the peril of
dependence on foreign technologies.

(2) Power imbalance exists between large biotechnology
firms and developing countries in earning profit from
biotechnology and control risks.

(3) Possibility of wrong decision to start development
and investment.

Technology Roadmapping (TRM)

The following framework of logical structure of a TRM was
used in this project.
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Four components needed to achieve the strategy of Vietham’s
biotechnology development by 2010 were brainstormed at a
workshop of 25 participants, of which 3 were from the private

sector, in May 2005.




Component 1: Market Needs
(1) Needs in agriculture, forestry, and aquaculture
(2) Food industry for domestic consumption and export
(3) Human health: medical and pharmaceutical needs
(4) Needs for environmental protection and sustainable
development
Fighting uncertainty induced by biotechnology such
as human health and environmental risks.
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Component 2: Products
(1) New plant and animal varieties (mainly food crops,
shrimp) for export and domestic consumption with
the usage of recombinant DNA technique
(2) Recombinant vaccines, antibiotics, and new diagnostic
test kits

Component 3 and 4: Technologies and R&D Projects
(1) Genetic engineering
(2) Technological innovations in genetic engineering used
in medicine, healthcare, and pharmaceutical products.

Preliminary Actions Required

Due to limitations of time and resources, the roadmap is still
broad and vague. However, the meeting derived a few plans of
actions seen as an important stepping stone towards
biotechnology development.

On Manpower:

(1) Starting from 2006, Vietnam should send at least one
student to be trained abroad in genetic engineering
and increase to 5 by 2010.

Synchronies trainings of manpower with the lab and
target goals (on food, vaccines, diagnostic kits).
Each year attract 10 overseas Vietnamese bio-engineers
to come back to the country to work in the labs, start-ups
of joint ventures and foreign direct investments.
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No| Technology to be trained | Student | PhD and M.S | Abroad
01 | Biological chemistry 20 10 3
02 | Enzyme biotechnology 15 5 5
03 | Micro Biotechnology 100 20 10
04 | Molecular Biotechnology 20 8 5
05 | Molecular Biology 20 5 5
06 | Genetic Engineering 20 5 5
07 | Technology for Antibiotics 20 5 5
08 | Technology for Vaccines 30 5 5
09 | Production of new plant variety 50 10 8

by biotech
10 | Production of new animal varie 20 5 5

by biotech

Total: 890 555 135 115

Table 1: Plan of Training S&T Personnel 2006-2010

On Labs:

(1) In 2005, two national key laboratories should be put
into operation (genetic engineering lab at the Institute
of Biotechnology, and Plant Molecular Lab at the
Agricultural Genetics Institute).

(2) In 2006, four more national laboratories take place.

On Biotechnology Incubators:

(1) In 2005, the first biotechnology incubator at Hoa lac
Hightech Park should be operating with at least 10
incubatees.

In 2006, the second biotechnology incubator at HCM
City Hightech Park should be operating with at least
20 incubatees.

)

On Institutional Arrangements:
(1) In 2005, the National Comprehensive Master Plan
on the development of biotechnology 2006-2010

takes place.

(2) The Law on Bio-safety should be ratified by the end of
2005.

(3) New incentive scheme with big grants for

biotechnological R&D application should be effective
by the end of 2005.

Lessons Learned

Foresight is relatively new to Vietnam'’s planners. It is therefore
a good opportunity to exercise this project as an introduction
of foresight to them, as well as to the working team.

By conducting the project, the working team has realized that
Vietnam has already been using some of the foresight
components in its planning and workshop activities. However
it is found that the full concept of foresight and techniques are
hard to achieve due to following reasons.

Lack of multidisciplinary experts: scientists do not
understand market needs, businessmen do not have
S&T background, and many local managers do not
have both. Although foresight stimulates discussions
among them to fulfill knowledge gaps of each expert,
discussion time and limited exposure are still
hurdles.

Lack of cooperative and collaborative culture.

Lack of innovation culture among managers
Knowledge in designing and implementing foresight
is tacit and difficult to understand only by training.

)
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NEWS & EVENTS :

Imperial Mae Ping Hotel, Chiangmai, Thailand
3-4 November 2005

This symposium is part of the Technology Foresight project on Future Fuels initiated by the APEC Industrial Science
and Technology Working Group (ISTWG) in 2004. The project later developed into a cooperative effort between ISTWG and the
APEC Energy Working Group (EWG). It utilizes a combination of scenario creation and technology roadmapping (TRM)
methodologies to look at the possible future of fuel technologies, their development pathways and implications across the Asia-
Pacific region.

The future fuels examined here are hydrogen, unconventional hydrocarbons, and biofuels. During a series of foresight workshops
in Thailand, Canada and Chinese Taipei throughout the year 2004 and 2005, possible scenarios and a number of roadmaps
towards secure and sustainable fuel for APEC were formulated and discussed among experts.

The purpose of this Chiangmai Symposium is to report to the public the intermediate result from the study, while
provide an opportunity to scrutinize the scenarios and the roadmaps by tapping the wisdom of a wider audience. This includes
experts and non experts, researchers, industry representatives, government officials, policy makers, the mass media, and other
members of the general public.

Further information is obtainable through the APEC Center for Technology Foresight's web site at http://www.apecforesight.org
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