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(1) Interface between Nuclear & non—-Nuclear

(2) What are the next steps we need to demonstrate nuclear Hy production
on short term?

(3) Hy delivery & storage

(4) Small local system (with nuclear reactor)

(5) Large scale system

(6) Combination options of reactor types and Hs production methods

(7) How we can produce economical Hsy
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COE-INES Workshop THEN
Y ukitaka Kato
Department of Nuclear Engineering,
Tokyo Institute of Technology
COE-INES sub-leader

COE-INES International Workshop on “Toward Hydrogen Economy; What Nuclear can contribute and how” (THEN)
organized by the COE-INES, co-chairs of Kazuaki Matsui and Y ukitaka Kato, was held on 5 - 6 November, 2004, at Room 913,
Campus Innovation Centre, Tamachi Campus, Tokyo Institute of Technology, with participants of 47 persons.

The THEN aimed to discuss hydrogen technologies for hydrogen economy development joining with experts of all fields
related on hydrogen system. Hydrogen energy technologies were required to optimize the combination between hydrogen
production, hydrogen utilization, and hydrogen market now. The key targets of technology research and development was
talked to establish new and practical hydrogen economy. The meeting topics included hydrogen system, nuclear and non-
nuclear hydrogen production, hydrogen storage and transportation, fuel-cells, hydrogen energy management, hydrogen economy
and all subjects related on hydrogen system.

The workshop consisted of 4 panels by 15 panelists and a comprehensive discussion session organized by the workshop
coordinators who were Dr. Forsburg, Dr. Verfondern, Dr. Fukuda, Dr. Hori, Tashimo, Matsui and Kato. Coordinators asked all
presenters to show Proposals for Hydrogen Economy in their last dlide. All participants discussed “Proposals for Hydrogen
Economy” based on the proposals in the comprehensive discussion session. The discussion was categorized in some topics,
which were chosen by the coordinators previously. “The Proposal for Hydrogen Economy Outcomes from COE-INES
Workshop THEN" in the following was made by the workshop coordinators, integrating the presentations and comprehensive
discussions.

On the behalf of COE-INES, the co-chairs thank all of panelists, coordinators and participants for their great contribution on
the workshop and proposal. It is our great pleasure if the proposal might give effective suggestion to the development for future
hydrogen economy.

Proposal for Hydrogen Economy Outcomes from
COE-INES Workshop THEN

There is no doubt about that hydrogen is one of the most preferable in the secondary energy forms together with electricity. It
can be produced from various sources such as hydrocarbons of gas, oil and coal, and from water by means of again variety of
methods of steam reforming, gasification, electrolysis and therma decomposition. It can be transferred and stored under
pressure. Hydrogen is the best fuel for fuel cell that supplies electricity and heat in very efficient manner. As a matter of fact,
hydrogen, electricity and heat are interchangeable.

In the long run, for example at the year of 2100 almost one hundred years later from now, hydrogen can become popular even
under very restricted use of hydrocarbon because of global emission control of green house gases. Hydrogen from renewables
including nuclear seems a solution for sustainability.

Human'’s civilization was accelerated by the industrial revolution in the 19" century fueled by coal, and boomed by massive
usages of oil and gas in the 20" century. At the last day of the last century, we noticed that further utilization of hydrocarbons as
fuel will never be forgiven due to conservations of natural environment and resources. There is no other species on the earth,
which is capable to destroy the environment where it is depending on, than human. Hydrogen, electricity and heat from
renewables and nuclear with restricted usage of hydrocarbon is a solution for human to live on the earth trying to harmonize
with the environment.

Hydrogen economy was said long time, but has not come yet. Still long way to go, we know, but we are learning the way.
1. Development of super effective machine to use hydrogen such as fuel cell
2. Seeking competitive price hydrogen in market, and designing optimum distribution and storage system for hydrogen
3. Developing many possible optional technologies to produce competitive hydrogen including nuclear
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For nuclear to play arolein hydrogen economy;
1. Nuclear energy costs be competitive in heat and electricity asfirst of all
2. Easier construction, operation of the nuclear plant or machine and reasonable related regulation
3. Public understanding and acceptance to the broader application
But those are nothing special for nuclear hydrogen, but for wider application and development of nuclear system itself in the
world.

Nuclear thermal heat can be used for thermal and electric decomposition of water and steam reforming of natural gas. Today
high temperature gas cooled nuclear reactors are under development and almost commercially available, but more efficient
high temperature reactor concepts using liquid-salt-cooling may become possible. Lower temperature thermal water splitting
and steam reforming technologies are waiting for further development and demonstration. Variety of technology should be
kept for future possibility.

Nuclear to produce hydrogen, and distributed hydrogen to generate electricity are a possible ideal combination for future
supply architecture. Stable nuclear operation and intermittent demand of electricity can be matched by stored hydrogen of
variable pressure; Harmonization of Hydrogen and Nuclear Energy Systems.

Hydrocarbon such as methane including methanol and other synthetic hydrocarbons can be regarded as source of hydrogen
for fuel cell of automobiles and homes, and nuclear can regenerate catalyst for steam reforming. Nuclear and solar heat can add
value to hydrocarbon steam reforming and other reactions, which will compose of a synergetic hydrogen production system for
co-existence of hydrocarbons, renewables and nuclear.

After two days extensive discussions at the COE-INES international workshop THEN, November 5 and 6, 2004, we have
come up the following recommendations to be studied and pursued further.

1. Competitive hydrogen is the very objective of nuclear hydrogen, and there are many ideas and options to utilize nuclear
energy to support hydrogen economy, which are to be kept open.

2. Although the R&D options are kept open, some technologies aready matured, should be demonstrated and deployed
probably in small scale for the start, for the further development to the realization of nuclear hydrogen. A hundred mega-
watt electric equivalent or less classes reactor might be worthwhile to consider a nuclear hydrogen model with combined
heat and power application. The community by hydrogen, electricity and heat is adream of carbon emission free society.

3. Pardléd to the demonstration, in order to take advantage of nuclear characteristics, system development together with
hydrogen storage and delivery, should be designed according to the both applications of small and local, and large and
central needs and demands.

4. Finaly but not the least importance, how to harmonize nuclear and hydrogen systems should be worked on in a sense of
interface of both systems including safety issues, and mutual understanding by experts both in hydrogen and nuclear.

Today there are on-going and aggressive R& D programs on Hydrogen in the world, notably in Japan, USA and Europe, and
Generation |V initiative which is the international collaborative scheme for developing innovative nuclear systems, pays
special attention to nuclear application to produce hydrogen. We believe nuclear hydrogen system as one of the ideal energy,
which should be pursued under both international collaboration and competition.
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