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Abstract

The present situation of nuclear power in general and of the innovative nuclear reactor systems in
particular requires more comprehensive, coordinated R&D efforts on a broad international level
to respond to today's requirements with respect to public and economic acceptance as well as to
globalization trends and global environmental problems.

HTGR technology development has already reached a high degree of maturity that will be com-
plemented by the operation of the two new test reactors in Japan and China, representing techno-
logical milestones for the demonstration of HTGR safety characteristics and Nuclear Process Heat
generation capabilities.

It is proposed by the IAEA 'International Working Group on Gas-Cooled Reactors' to establish a
'Global HTGR R&D Network' on basic HTGR technology for the stable, long-term advancement
of the specific HTGR features and as a basis for the future market introduction of this innovative
reactor system.

The background and the motivation for this approach are illustrated, as well as first proposals on
the main objectives, the structure and the further procedures for the implementation of such a
multinational working sharing R&D network. Modern telecooperation methods are foreseen as an
interactive tool for effective communication and collaboration on a global scale.

Introduction

Several industrial, national and international approaches to the market introduction of High-
Temperature Gas-Cooled Reactors (HTGRs) have been undertaken in the past and are still going
on in different parts of the world with various time horizons and market sector targets. Up to
now, none of these stand-alone attempts have led to a commercial follow-up project, although the
maturity of the HTGR technology has reached a considerable level and in spite of the important
know-how that could be gained from operation of the test reactors (Peach Bottom, DRAGON,
AVR) as well as from the demonstration reactors (Fort Saint Vrain, THTR) complemented by
comprehensive operation experience from other Gas-Cooled Reactors (GCRs).

This situation seems to be symptomatic of new nuclear reactor lines in particular as no innovative
nuclear reactor system at all has overcome the threshold to commercial application in the last few
decades anywhere on the globe. In the meantime it appears that also the introduced reactors have
to face stagnation, moratoriums and problems of economic and public acceptance in most indus-
trialized countries, a far cry from the promising expectations of'pioneering times'.

Radical changes have been experienced in the structure of the nuclear industries in recent years,
too. Former competing suppliers for the different national and international markets for nuclear
power plants have merged into international consortiums as 'global players'. And even the situa-
tion of the utilities is going to change drastically mainly due to privatization and competition in the
enlarged and interconnected electricity distribution networks.
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Extremely low prices for fossil energy carriers combined with remarkable enhancements in the
efficiencies of fossil-fired power plants generate additional economic pressure on existing and new
nuclear power plants. Together with time ranges being continuously extended for the reserves of
fossil energies, the 'classical' pro-nuclear argumentation based on anticipated price escalations and
shortages of fossil energy carriers are being increasingly eroded in spite of growing awareness of
their environmental impacts and their influence on climate change.

The case for nuclear power has to be redefined within this 'changed world' in a realistic way, gen-
erally and also separately for the different nuclear technologies. An active response to the current
situation and expected evolution is necessary and more appropriate than - passively - waiting for
unfavourable developments in the energy market with, e.g., price jumps, shortages and the need
for drastic environmental regulations restricting the use of fossil energy carriers.

Most of the important boundary conditions for the future of nuclear power are of a global nature
or at least valid for many areas and countries in the world, because they are embedded in a more
general 'globalization' of problems as well as of economic relations and dependencies. The latter
will be fostered by global information and (interdisciplinary) collaboration networks setting new
historical milestones and chances for mankind.

Against this more general background, today's obstacles and problems for nuclear power have to
be understood as challenges for further research and development (R&D) using all the potentials
of modern technology and the sound basis from R&D programmes and operational / manufactur-
ing experience which is globally available for regaining economic and public acceptance.

Globalization / internationalization of pre-competitive medium-/long-term R&D efforts, e.g. for
innovative nuclear reactor systems may also be an adequate response to the shrinking industrial
involvement beyond short-term commercial projects and to the cuts in the national nuclear pro-
grammes in many countries. Besides that, such an approach will broaden the potential market
from the very beginning and stabilize the technology base for later use.

The 'rules of the game' for real globalization of R&D in a work-sharing and complementary man-
ner have not yet been established in general. But it should be possible to create new collaboration
structures on a fair and collegia! base not only for distributing the efforts and development risks
across several 'shoulders', but also offering adequate benefits from the collaboration for all par-
ticipants according to their contributions.

The pooling of know-how and scientific / industrial capabilities on a broader international level
has become easier than ever before by the effective use of recent telecooperation methods. It
seems to be essential to make extensive use of these new communication techniques in an interac-
tive way to achieve 'living structures' that have the ability to grow into a pragmatic collaboration
tool.

Lessons from the Past

Especially in HTGR history there has been a confusing multiplicity of different technical concepts,
projects and applications. This underlines, on the one hand, the impressive potential and flexibility
of this technology, but, on the other hand, valuable human and financial resources have been
wasted on this internal struggle for the best technical solution and thus also created a burden for
the reputation of HTGR technology.
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Passionate discussions on the differences and anticipated benefits of favoured technical or con-
ceptional characteristics often concealed the overriding common elements, the common aims and
the common responsibility for the success of the development efforts.

It would be better for the future, first to reveal the common technical sources and the coherences
of the different approaches as a common, interconnecting technology base. Future projects can
make use of this and add the incremental, specific R&D and design work needed for a definite
concept.

Sometimes HTGR projects have been propagated as alternatives to the existing nuclear reactor
types causing a lot of polarization and rejection within the nuclear community. It is more appro-
priate to define HTGRs as complementary to the existing Nuclear Power Plants (NPPs) and their
evolutionary or more innovative derivatives with which HTGRs might establish future symbioses.

It should not be forgotten that the general safety philosophy of the HTGRs - rejected for a long
time by many proponents of active safety systems - has partially found its renaissance in many
advanced NPP designs. And this is a very important contribution to the future of nuclear power
representing a real success for HTGR development up to now. The former conflict between pas-
sive and active safety systems has dissolved into a pragmatic coexistence of both safety ap-
proaches.

Focusing R&D only on the requirements of a specific project often turned out to be a qualification
of'frozen' technologies impeding the development of innovative solutions due to fixed and ambi-
tiously short timescales. Instead of this attitude there should be a balanced mix of on-going inno-
vations and of short-term qualifications of practicable solutions to maintain enough flexibility to
react with innovative technologies to more stringent requirements concerning safety and economy
as well as to actual chances for the market introduction. This view takes into account the fact that
a nuclear reactor represents a combination of different technology elements/disciplines each hav-
ing its own individual development potential following timescales that need not always fit the time
limits of specific projects although they might open up promising options for continuous innova-
tion of the technology.

Bad experience was made in the total focusing of R&D and commercial efforts only on one proj-
ect thereby coupling the fate of the whole technology to the success of a stand-alone project. The
establishment in parallel of a more generic technology base programme with a long-term orienta-
tion covering the essentials of the HTGR innovation potentials would help not only to conserve
valuable know-how but also to supply necessary improvements for keeping pace with other tech-
nologies. Such a technology base programme for HTGRs could have the same justification as e.g.
R&D on fusion reactors, both offering safe, clean and reliable energy for different purposes as a
long-term option. But this approach needs a broader collaboration beyond purely national or
commercial programmes including all the partners within the HTGR community.

The aspects of 'spin-off and cross-fertilization might in future be even more important than in the
past, either to transfer HTGR technologies to other conventional and nuclear applications or to
profit from other developments outside the HTGR field. Why not use, for example, coated parti-
cle technology for other reactor types as well or for the final disposal of problematic waste, taking
all the benefits from an applied technique afterwards or in parallel for the HTGR? This would
provide an industrial background instead of an exotic atmosphere!

Possibly the most important lesson from the past is how to cope successfully with the problem of
first-of-a-kind (FODC) cost. Neither in the frame of national programmes nor in purely commercial
attempts or in combinations of both, even with some bi- or international extensions, was it possi-
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ble to proceed beyond the operation of test and demonstration reactors. The latter even being
such a financial burden for their utilities that both demonstration reactors (FSV, THTR) were shut
down before a long-term technology demonstration could be established for a commercial follow-
up project. And this fate could not be excluded even for the smaller test reactors due to still very
significant annual subsidies.

Broader structures are needed to divert the FODC and the cost of pre-running R&D. Broader
scopes for the markets and economic incentives are needed to generate enough motivation for
commercial involvement. More stability is needed to provide more confidence for investors and
public funds. Convincing R&D results are needed for the innovative systems complementing the
use of proven technology. Technological perspectives are needed to assure steady response to
more stringent safety and economic requirements in the future and to avoid technological dead-
locks.

The Case for the HTGR

In the course of time, the main motivation arguments for HTGR development have shown some
significant changes depending on the prevailing technical /political priorities, opinions, problems,
economic assessments and perspectives of energy supply or availability of resources either fossil
or nuclear.

Due to the flexibility of HTGR technology it was always possible to modify the HTGR concepts
corresponding to the shifts in the overall requirements, but this was often out of phase, reaching
the aim at the very moment when it disappeared, just as in the fable of the tortoise and the hare.

Today's requirements may be mainly governed by the aspects of

- public acceptance / coping with severe accidents
- economics
- waste handling
- environmental protection / climate change, but
- no anticipated energy resource availability problem for the time being.

The response to these aspects may be the key to the future of nuclear power and give additional
drive, especially for the further development of HTGR technology.

The largest market for nuclear power is to be seen in those areas of the world that refused to build
NPPs in the last few decades either due to acceptability problems or due to high investments and
lack of competitiveness with cheap fossil-fired plants. So, regaining public acceptance, while re-
taining the economic goals, is an essentially commercial task opening a huge window outside the
saturated markets where nuclear power has already gained significant shares in energy generation.

The most convincing way to cope with severe accident scenarios might be to avoid them by
physical laws rather than to mitigate the consequences. It also should not be forgotten that the
application of Nuclear Process Heat (NPH) in an industrial environment might only be acceptable
from an industrial point of view if neither the high commercial investments nor the production
lines are endangered by accidents of the nuclear energy supply source. Industries and insurances
might even ask for more stringent safety requirements than licensing authorities controlling com-
pliance with legal standards to avoid catastrophic releases of radiotoxicity and relocations, also in
case of hypothetical accidents.
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Broadening the field of application for power plants by including heat utilization is in accordance
with the actual trend towards Combined Heat and Power (CHP) plants in the conventional energy
supply area and is - by good reasons - very fashionable amongst environmentalists. CHP may
significantly enlarge the market for NPPs as well as their contribution to reduced noxious impacts
on the environment combined with improved economics. A specific 'claim' for HTGRs can be
assumed especially for high temperature ranges, gas turbine and process heat applications.

Enhancing the thermal effectiveness and using CHP processes not only reduces power generation
cost but also the relative waste production per unit of energy used. This provides another argu-
ment in favour of the HTGR, which might be a good candidate for burning of long-lived ra-
diotoxic wastes and fissile materials, too.

The concept of coated particles opens new options for an extremely high burn-up of such wastes
avoiding further reprocessing in between. The encapsulation of the fuel kernel enables the burned
fuel or wastes to be directly disposed, because this already represents an excellent barrier for final
disposal beside its importance for the safety characteristics of the plant itself. Thus, the technol-
ogy of coated particles could represent a future alternative or complement to vitrification as well
as to the burning of MOX fuel in the present configuration, possibly having economic advantages
over multiple reprocessing and conditioning strategies.

The market approach of standardizing modular reactors to power sizes that represent even a
down-scaling compared to THTR and FSV keeps the technology within the frame of experience.
But this experience must be kept viable for commercial confidence in the new concepts!

Standardized modules also open up the potential of a quick learning curve and lower cost by the
use of proven conventional equipment and by series production that has not really been intro-
duced in the nuclear field up to now on a broader scale comparable to the competing conventional
power plants. It is not only important to focus on 'revolutionary' technical concepts but also on
realizing new structures following general industrial trends.

- A broadening of the market,
- a consensual set of user/licensing requirements,
- a fair and cost-effective sharing of the manufacturing efforts and
- a broader collaboration in the R&D field
on an international or global basis could represent important preconditions for the introduction of
the HTGR as an innovative nuclear reactor system.

Aspects of nuclear safety, environmental protection, long-term safety of waste disposal and af-
fordable, reliable energy supply are really global aspects and challenges. The HTGR has the ability
to respond to these requirements and it is an urgent task to find an appropriate and effective col-
laborative strategy.

The Need for a Global HTGR R&D Network (GHTRN)

In actual fact, there is a broad HTGR and GCR know-how basis available in different countries in
the world comparable or even superior to other innovative or evolutionary reactor developments,
if it is be merged in a synergistic way on a global level. Not only one new HTGR test reactor will
start operation within the next few years but also a second, both together offering an exceptional
R&D platform for the demonstration of HTGR characteristics under today's requirements of pub-
lic acceptance and market conditions.
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Despite the small power sizes, these two reactors will provide a nearly full-scale demonstration of
the passive safety philosophy of future HTGRs and for the first time high-temperature process
heat will really be coupled out of a nuclear plant and will be combined with heat utilization sys-
tems representing new milestones in the on-going history of nuclear technology!

But only the symbiosis of existing and coming know-how represents a convincing basis for future
commercial applications of this technology. Reduced financial/political support for nuclear devel-
opment programmes enforces a tighter and more effective collaboration of the reduced crews who
are still 'on board' globally sharing their know-how, infrastructures and facilities to achieve a
common aim.

First discussions - on a brainstorming basis - have been recently held as an outcome of the 13th
IAEA International Working Group on Gas-Cooled Reactors (IWGGCR) and this discussion will
be continued to define a consensual approach to the general rules, purpose, scope, structures,
contents and collaborative tools.

The first recommendations were to limit the scope to pre-competitive, joint R&D and project -
independent basic technology aspects under the working title 'Global HTGR R&D Network
(GHTRN)1 under the auspices of the IAEA for the peaceful uses of nuclear energy. Present and
future commercial projects can make use of the accumulated know-how and infrastructure within
the GHTRN under conditions still to be defined, but supportive of the market introduction of
HTGR technology.

It seemed to be appropriate to orientate the approach to the general structures and contracts of
the 'International Thermonuclear Experimental Reactor (ITER)' Programme as it has a broad in-
ternational partnership and also claims a long-term potential as an 'environmentally acceptable
and economically competitive source of energy to be developed for the benefit of all humankind'.

On this basis, drafts for the General Charter of the GHTRN have already been formulated and the
purpose and overall programatic objectives defined:

- to establish a coherent global R&D approach on a work-sharing basis to make best use of exist-
ing know-how, manpower, test facilities, test reactors, test object manufacturing capabilities etc.

- to provide a global information exchange, documentation and communication network on
HTGR-related R&D

- to jointly review technological progress and to propose priorities as well as new R&D activites
on a common basis

- to acquire funding for joint R&D programmes by national / international governmental bodies
and private industries

- to serve as a stable, long-term R&D basis, independent of, and complementary to short-term
HTGR projects and

- to generally promote the specific features and applications of HTGR technology worldwide

The IAEA is asked to play a strong role also in supporting the process of forming the GHTRN
and to offer advice and provide infrastructures for different activities. Figure 1 illustrates prelimi-
nary ideas on interactions between the IAEA and GHTRN.
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First steps under the scope of the GHTRN could be, for example:

- to establish a worldwide overview of existing and on-going HTGR-related R&D and to
define common elements and work-sharing structures

- to perform joint test programmes and code validations using the existing test facilities and
especially the test reactors (HTTR and HTR 10) to complement operating experience with
HTGRs

- to establish a systematic documentation of existing and future know-how also introducing
modern information techniques for ease of communication

- to create an information stock exchange as a pragmatic start-up and a know-how pool on
general HTGR technologies as well as proposals for communication with future commer-
cial projects

It seems to be essential to apply recent telecooperation and archiving methods from the very be-
ginning as these innovative tools are the driving force for globalization trends in general and ca-
pable of handling more complex collaboration structures. They also enable an interactive growing
process instead of a 'classical' centralized approach no one can afford any more. The HTGR
should also be present on the Internet to provide up-to-date information on progress to the
HTGR community as well as to decision makers in politics and industries for generating additional
support and trust in the further development, benefits and chances of HTGR technology.

But the most important message of a 'Global HTGR R&D Network' on the common base tech-
nology would be a signal to the world that the HTGR community is united in support of the fu-
ture of this reactor type.

The report represents the author's personal opinion and need not necessarily coincide with the
official governmental / institutional view in all aspects.
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