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The nuclear indugtry is primarily focused on eectricity production. | believe the
time has come to seioudy and sysematicdly assess nucdear potentid going
beyond dectricity, in particular focusng on the potential for hydrogen production
for use in the transportation indudtry.

Demand for eectricity varies by location, and by seasond and economic cycles,
but overal trends are inescapably srong for continuous demand  growth.
Furthermore, demand in developing nations is undergoing an even steeper growth
rate than in North American and European countries, wherein  eectric
conveniences are dready away of life.

Electricity is of course, not a source of energy. Cod, natura gas, hydro dams and
nuclear power plants are the primary sources of energy — eectricity, rather, is an
energy currency fredy traded, transmitted, and distributed on the vast eectrica
grids that now spread across the continents.

But, dthough this energy currency - dectricity - is produced, traded, transmitted
and spent - it isdifficult to bank.

Electricity does not store well. Without inventory in the eectricity busness, the
result is daily, weekly and seasond fluctuations in prices multiplying in vaue on
hot summer afternoons.

Nuclear power plants represent base load eectrica power production only rarely
cgpable of load following, hence thar output, while hugey vauable on those hot
summer days, is margind in off-peak periods.

Now let us turn to the energy markets of the world that include far more than
eectricity. A much larger market includes the supply of energy for transportation.
This market is supplied by the oil indusgtry - our cars, trucks, trains and planes run
on gaoline, diesd fud and jet fud. The hydrocarbon production distribution
sysdem is vast. Energy consumed by transportation is roughly three times greater
than al dectricity generation combined. [1]

Much of the last century led to the development of this transportation energy
infrastructure for the supply of primarily liquid, hydrocarbon fuds. These fuds
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dore eesly, with high energy dendty making them ided for transportation use.
Theinterna combustion engine dominates world energy consumption.

Until now, the interconnections between the hydrocarbon trangportation energy
sysem and the eectricity generation/power grid systems have been virtudly non-
exigent.  Electricity powers immediate fixed needs for energy a locations
connected to the grid — while hydrocarbons power mobile engines, with need for
stored compact energy requirements.

In the year 2002, there are two digtinct and essentialy separate energy systems —
that of the dectrica grid and that which fuels transportation.

Thisisgoing to change.

The next decade will continue to illustrae unmistekable milestones in the
interaction between the generation of eectricity and the transportation energy
system. Electricity generation can be redirected to hydrogen production. And the
demand for hydrogen is coming.

Technologica and socio-palitica factors will comeinto play.
First, technologica developments.

Already driven by massve investment by automakers, the development of fue
cdls has proven the capability for vehicles to operate on pure hydrogen fud —
exhaudting nothing but water vapour.

Evidence of this can be seen in announcements by virtudly every mgor auto
manufacturer in research, development and now — far more indicative — in gods
being set for commercid production and sdes. Honda has obtained certification
of its fud cdl vehides in Cdifornia and Nissan will make a limited number of
fud cell vehicles avallable next year in Cdiforniaand Tokyo [2].

The largest of the automakers, General Motors, has made news recently with a
series of fascinating developments in a new concept of cars — the AUTOnomy [3]
and the Hy-wire vehicles[4].

At their heart, they are dectric cars, fudled by pure hydrogen running fud cdls.

As a demondration of its commitment to commercidisation of these vehides, this
summer in New York State, Generd Motors unveiled a unique research facility
that will further expand its ability to develop fud cedl technology to determine
how to go to large-scale production of market-ready products. GM itsdf has at
leest 500 people working on fud cdl technology. And recently, the responsble
Vice Presdent dso declared that GM will be the firs company to sdl one million
fud cdl vehides [5]. GM is only an example; there are dso DamlerChryder,
Honda, Toyota, Ford, and so on, al of which are expending time, energy and
millions of dollars.

Commercid production of fud cdls is pushing ahead (dthough not quite there).
There are many chdlenges remaining, but the leve of commitment should not be
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underestimated. With any new developing technology, a note of caution should
be added to recognise that there are hurdles to be overcome. The
cod/performance gods required for commercid use of fud cdls in vehides ill
require sgnificant advances. The fud cdl industry recognises that introduction of
fued cdls on a widdy accepted commercid bass for automobiles is likey to be
preceded firs by a gradud introduction of fud cdls in dationary backup and
quality power gpplications, and then by bus and truck fleet utilization.

However, the US government FreedomCAR programme [6], the European
Integrated Hydrogen Project [7] and the Japan Hydrogen and Fuel Cell Project [8]
al represent further world-wide commitments on the part of governments and the
auto industry to advance these systems further. In fact, eight of the twelve largest
companies in the world ae activdy involved in these hydrogen/fud cdl
development programmes [9].

The second mgjor area of technologica development, hand in hand with fud cdls,
is in hydrogen storage. Hydrogen can be stored in various ways — cooled and
liquefied, under pressure, in metd hydrides, or in chemicdly bonded forms
Although any one of these may show promise, they dso have drawbacks. That
being sad, cetified safe compressed hydrogen gas storage has now clearly been
demongrated, such that automobiles can operate with ranges typica of current
gaoline vehidles. For example, the recently announced Honda FCX has a driving
range of 220 miles or over 350 kilometres [10]. GM and Quantum Fud have
obtained certification of a 10 000 ps or 700 bar TriShiddd TM sorage tank that
could even improve on thisrange [11].

These and numerous ancillary technology developments point  towards
commercia introduction of fud cdl/hydrogen vehicles, dating later this decade
and accderating thereafter. Nevertheless, the rate of introduction and penetration
into the market is uncertain. But it will hgppen. These are disruptive technologies
that may take time to start but will become mgjor factors in the world's economy.

Furthermore, mgor socid and political factors will accelerate their introduction.

When these cars are avalable, they will be fun to drive.  They run on dectric
motors. At O rpm they have phenomend torque. These cars will have zip! In
fact, the Japanese are dready planning auto races to demonstrate their appedl.

On a more sombre note — these cars will kill fewer people with their emissons.
Air qudity in urban centres is becoming an important public hedth issue,
increasingly recognized by medicad practitioners and associations as a sgnificant
factor in bresthing alments.  In Ontario, Canada, the provincid medica
association  attributes 1900 premature desths annually to poor air qudity [12].
And this is surrounding Toronto, Canada, not the mgor urban centres around the
world. The population flow world wide to urban centres is growing and massve
[13]. This trend to urbanization is compounded in developing nations where
expanding urban populations are adso increasing vehicle ownership per capita
Clean ar will become avolatile politica issue.

Another factor promoting hydrogen use is security.  Energy security has
fundamentd implications for developed countries. For example, the US has for
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decades druggled with its dependence on foreign oil, yet has had difficulty
formulating a bass on which to shift away from Middle Eastern suppliers. With
25% of demand and 2% of resources, this problem will not go away easly [13].
Recent events and the dtability of regiond governments do nothing to reduce this
rsk. In November last year, the Committee on Sugtainable Energy for the United
Nations Economic Commisson for Europe (UNECE) issued a press release
obsarving an increased sense of vulnerability based on a series of factors
incduding the potentid for socid unrest and ethnic drife in a number of producing
and trangt countries [14]. Moderating that demand by shifting even modestly to
hydrogen supply of the trangportation energy market will remove some pressure
on hydrocarbon supply.

Then there are the dimate and atmospheric implications — without descending
into a debate on the Kyoto Protocal, it is clear that CO, emissons world wide are
vast and growing, that CO, content in the amosphere is increasing and that world-
wide climates are changing [15]. Are these items rdaed? |s there cause and
effect? The evidence is extendgve. In any event, we now have new evidence of
futher manmade amospheric influences. An Adan brown cloud covering 10
million square miles across that continent gppears to be the result of vehicular and
indugtrid  emissions. The impact of amospheric emissons will  become
increesngly goparent in scientific literature and in the minds of those in
government.

Back to nuclear power.

Through the introduction of hydrogen-powered fud cdl vehicles the nuclear
energy industry has an opportunity to supply energy to the trangportation sector.
However, to be clear, this will not be likedy to reduce demand for oll. The
tremendous growth in energy demand will dlow for the expanson of nudear
production of hydrogen adongsde continued growth in the oil industry for decades
to come. This would ill be a fundamentd expanson in the agpplication of
nuclear energy and will represent a vast market for energy demand that nuclesr
power is particularly suited to supply.

Fird, dectricity is not a source of energy — it is produced by cod, nuclear, hydro,
and naturd gas. Similarly, hydrogen is an energy currency that can be produced
from any energy source,

Nuclear power can be used to produce hydrogen through dectrolysis, or from the
thermochemica dissociation of hydrogen from water. The WNA has reviewed
thisinformation in its briefing papers.

Second, nuclear power is a basdoad power source, and a night when nuclear
plants gill produce energy — which no one is paticulaly interested in paying
much for in the form of dectricity — it can produce hydrogen.

Third, hydrogen — unlike dectricity — can be stored, and so the tremendous vaue
of nucler power can be trandated into energy for the transportation energy
system, a vast market into which nuclear power can now penetrate.  Professor
Paul Kruger of Stanford Universty has edimated that requirements for meeting
this demand, but avoiding carbon emissons, will require hundreds of nuclear
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plants in the coming decades, unless one believes that renewable energy systems
can grow at staggering rates [16].

A dmple illudration shows the economics and the potentid of linking nuclear
power to hydrogen, and hydrogen to transportation. A tankful of gasoling, 12.5
US gdlons or 47 litres, a US$1.50 per gdlon will cost US$18.75. At 20 miles
per galon or 11.7 1/100 km, that will take you a distance of 250 miles or 400 km.

Wha the automekers say is that about 3 kg of hydrogen will get you the same
distance. To produce this requires 150 kWh — then a 6 centskWh it will cost
US$O. With an additiond 33% for fueling services and equipment, the cost il
comes in & only US$12. Of course, changes in tax structures may have dramatic
implications.  Moreover, fluctuations and regiona differences in gasoline prices
will kew any andyss. But here is another key point, which should not be
underestimated: dthough gas prices exhibit high varigbility and the world's
economy shudders a every rise in the price of crude oil, the cost of hydrogen
production from nuclear will indead exhibit a moderated price index and highly
predictable rates. One need only examine overdl publicly published costs of US
nuclear power production to see the strides made in controlling and reducing input
cods for nuclear power production [17]. This high degree of certainty in energy
costs can be trandated into far more predictable and reliable energy codts in the
transportation sector, afactor that should be addressed with policy makers.

Accordingly, on the bass of current costs, didribution systems, known
technology and exiding taxation, but with the introduction of commercid fud cdl
vehicles, nuclear power-produced hydrogen can compete with gasoline on a per
kilometre or per mile basds. | mention taxation as it is an obvioudy important
issue, but it is beyond the scope of this discussion.

This paper only touches upon the many issues relating to the implications of
nuclear power production of hydrogen for fud cdl driven transportation. But |
note that the fud cdl/hydrogen industry is growing in sature and maurity. The
World Hydrogen Conference this past June in Montred demondrated an ever-
increasing commitment to its commercia success on a world-wide basis [18]. But
focus on production and a strong voca nuclear industry presence were lacking.
Various US, European and Japanese studies on energy supply have tended so far
to gloss over or completely overlook the tremendous potentia for nuclear power
to address cleen ar, emissons reductions, cost volatlity and energy security
Issues in the coming hydrogen industry.

In conclusion:

The WNA and the NEI in the US should ensure that nuclear power is consdered
in gudies undertaken in connection with the supply of hydrogen for use in
transportation.

A framework for assessment should be created to review the impact on costs,
emisson reductions, energy security and price volaility if nuclear power were to
become amajor source of energy to supply hydrogen to the transportation market.
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Support should be given to research, to develop and improve efficient means of
hydrogen production from nuclear power.

The nudear indugry is capable of executing visonary long-terms plans.  This
industry should aspire to paticipate in the hydrogen economy as a key drategic
objective, and, dthough the find commercidisation of fud cels is 4ill years in
the future, the time for modest steps in forward planning is now.

NOTES

1. A commercidly produced and generdly wel regarded survey of internaiond
energy information is found in the British Petroleum (BP) Statidicad Review
of World Energy produced  annudly. It is locaed a
www.bp.com/centres/energy2002.

2. All mgor automotive manufacturers have actively updated webdtes on which
ther numerous press releases tout ther achievements in low emisson
vehicles. As these devdlopments are now being updated often (severd times a
year), conaulting each for the most recent information is useful. However, it
should be noted that these corporations are fueled by intense rivary and
discerning hype from red progress is not adways possble without further
research.

3. The AUTOnomy vehicle was announced by Generd Motors in January 2002
as the firs concept vehicle designed from the ground up around a fud cdl
with al seering, breking, and other vehicdle sysems controlled dectronicaly.
The result was a new vehicle architecture alowing a great variety of al-whed
drive vehicles from very few common chasss. See
www.gm.com/company/gmability/environment/road _to future/adv_tech vehi
desffuture fud_cdlgindex.html.

4. Inan anouncement on 14 August 2002, Generd Motors stated:

Driving closer to reinventing the automobile, Genera Motors Corp. today
reveded a look a Hy-wire, the world's first drivable vehicle that combines a
hydrogen fud cdl with by-wire technology.

The GM Hy-wire, gppropriatdly named for its technology, incorporates the
features first envisoned in the AUTOnomy concept vehicle a the 2002 North
American International Auto Show in Detroit and the Geneva Motor Show.
Hy-wire will be introduced to the public at the Paris Motor Show Sept. 26. . . .

"The fact that we developed Hy-wire as a drivable concept vehicle in just eight
months (from its introduction in Detroit) shows our commitment to this
technology and the speed a which we are progressing,’ sad Rick Wagoner,
GM's president and CEO.

'With AUTOnomy, GM shared a vison. Hy-wire accelerates our progress with
a functiond proof of concept which strengthens our confidence in our &bility
to gain marketplace acceptance of production fue cell vehicles!
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Larry Burns, GM's vice presdent of research and development and planning,
sad, 'We are driving to have compdling and affordable fuel cdl vehicles on
the road by the end of the decade. With Hy-wire, we have taken the
technology as it exids today and packaged it into an innovative drivable
vehicle comparable in Size and weight to today's luxury automobiles!

5. 29 Jduly, 2002.

6. On 9 January, 2002, US Secretary of Energy, Spencer Abraham announced: ‘a
new public-private partnership between my depatment and the nation's
automobile manufacturers to promote the development of hydrogen as a
primary fue for cars and trucks, as part of our effort to reduce American
dependence on foreign ail, . . .

'‘Under this new program, which we cdl FreedomCAR, the government and
the private sector will fund research into advanced, efficient fud cédl
technology, which uses hydrogen to power automobiles without creating any
pollution. The long-term results of this cooperative effort will be cars and
trucks that ae more efficient, cheaper to operate, pollution-free and
competitive in the showroom.’

See: www.cartech.doe.gov.
7. See www.ehp.org.
Phase | objectives are set out below and Phase |1 is now being undertaken.

Implementation of hydrogen vehice and infrastructure technology can only
succeed if the co-ordination of Europesn R&D activities are intensfied and
technicd progress is not hindered by differing regulations and licensang
procedures within the EU member ates.

This project, which amed & creating the bass for harmonisation of necessary
legidation in Europe, was undertaken in close co-operaion with licenang
authorities in ssverd EU member dates (Begium, France, Germany, Spain,
Sweden).

The man objectives of this project were to: identify deficiencies impeding the
harmonisation of guiddines, regulations etc., co-ordinate harmonisation in the
approaches to standardisation; prepare a well-defined basis for discusson with
relevant authorities, integrate the practicad experience with hydrogen vehicles
in the draft regulaions, integrate exising ECE frameworks, and develop
concepts for standardised vehicle components and infrastructure.

The particular objectives of the EIHP were:

To create a pan-European database of existing regulations and codes of
practice applicable to the use of hydrogen in vehicles.

To contact other pertinent authorities outside Europe (Japan, USA).

To identify wesak spotsin today's technology.

To define the areas requiring regulaion.

To analyse, identify and propose safety concepts.
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10.

11.

To integrate ECE guidelines and create a basis of ECE regulation of hydrogen
vehides and the necessay infrastructure (replacing nationa  legidation/
regulations).

As a reault, proposds for further investigations and improved safety concepts
were compiled, together with concepts for standardised vehicle components,
infrastructure components and draft harmonised regulations.

The Japan Electric Vehicde Association (JEVA) recently announced that the
government of Jgpan will soon launch a three-year joint test of hydrogen and
fud cdl vehicle (FCV) technology on the country's roads. The test project will
include Japanese automakers Toyota Motor Corporation, Honda Motor
Company and Nissan Motor Company, US auto manufacturer Generd Motors
(GM) Corporation and German-US carmaker DaimlerChryder AG.

JEVA sad the Jgpan Hydrogen and Fud Cdl (JHFC) demondration project
will be sponsored by Japan's Ministry of Economy, Trade and Industry and
will examine the 'effectiveness environmentd friendliness and sdfety of
[FCVs]. Additiondly, the project will promote public awareness about fud
cdls and the use of hydrogen 'as a safe and clean fud.’

ExxonMobil, Generd Motors, Ford Motor, DalmerChryder, Roya
Dutch/Shell, BP, Mitsubishi, Toyota Motor (based on revenues 2000 Fortune).

In dJuly 2002, The American Honda Motor Company, Inc. announced that the
Honda FCX fud cdl vehice (FCV) has been certified by the Environmenta
Protection Agency (EPA) as a Tier-2 Bin 1 nationd low emisson vehide
(NLEV) and by the Cdifornia Air Resources Board (CARB) as a zero
emisson vehice (ZEV). Honda sad the FCX will dso meet applicable US
safety and occupant protection standards.

Honda said the FCX achieves 15% more maximum drive motor torque than
the company's previous FCV modds and aso provides improvements in mid-
to high-range power output characteristics and acceleration. Additiondly, the
FCX has an increased driving range of 220 miles, about 25 miles more than
the previous modd!.

In August, 2002, Genera Motors and Quantum Fud Systems Technologies
Worldwide, Inc. (Quantum FSTW) announced that German safety inditute
Technica Ingpection Association (TUV) has cetified Quantum FSTW's
10 000-pounds per sguare inch (pd) hydrogen storage system.  Previoudy,
only hydrogen storage tanks with a maximum capacity of 5000 ps had met the
requirements for TUV certification.

The companies said the 10 000-ps hydrogen storage tank features Quantum
FSTW's TriShield desgn, which includes a one-piece permegtion resistant
seamless liner, a high-performance carbon composite over-wrap and a
proprigtary impact-resstant outer shell. The sysem has dso been vaidaed
according to European Integrated Hydrogen Project standards.

See: www.gtww.com.
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12. See: www.oma.org/phedth/smogmain.htm.

13. The world has experienced unprecedented urban growth in recent decades. In
2000, about 47% of the world's population lived in urban areas, about 2.8
billion. There are 411 cities over 1 million. More developed nations are about
76% urban, while 40% of resdents of less developed countries live in urban
areas. However, urbanization is occurring rapidly in many less developed
countries. It is expected that 60% of the world population will be urban by
2030, and that most urban growth will occur in less developed countries.
(From the United Nations, World Urbanization Prospects revised annudly).

14. UNECE, 'Concern about Energy is Growing, Geneva, 22 November, 2001,
WWW.UNece.org.

15. The Intergovernmenta Panel on Climate Change reports are comprehensve
summaries currently available on such evidence. See: www.ipcc.ch.

16. Electric Power Requirement for Large-Scale Production of Hydrogen Fud for
the World Vehicle Fet, Paul Kruger, Stanford Universty, in Building the
Hydrogen Economy 11" Canadian Hydrogen Conference — Canadian
Hydrogen Association.

17. Production costs have declined from 2.98 cents per kilowatt-hour to 1.74 cents
from 1987 to 2000 as seen in the data accumulated by the Nuclear Energy
Inditute.  Seet www.nel.org under Nucler Data for the most recent
information available.

18. The 14" World Hydrogen Energy Conference was held 9-13 June, 2002 in
Montred Canada, festuring The Hydrogen Planet. Full detals can be
obtained a www.hydrogen2002.com.
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