THE 31ST JAIF
ANNUAL CONFERENCE

F£31EREFRXKZ




THE 315T JAIF
ANNUAL CONFERENCE

= A
-lh AN

&,

APRIL 20~22, 1988

JAPAN ATOMIC INDUSTRIAL FORUM

ARTF7I

ANE
LD




BHetyviar

FEREFTE &M
RrhZRERBREAX
R E B R

<¥rRlzEE >

7 o7 ORERBEIRIINF—  2FaVUT 14—
R.

e (] oD e 5% BH 58 D BUIR & ¥ ke A1)

(72 ADRFIFEEDRNR]

It

]
7/

ol

ﬁ

Y.

(BT BE R B OO DETFH : 1 AEADHRE)

Hy

Tyrari Ik RECHESE T RV F—

<ERFE>

M ERIE R R ORIV F—: COP 3 &K AT
M.

<\RJVETER >

3

NERJ A B

+ O R

T

HI—F
D
TANE

R 5

ST rv—Y

B R OER

77—
TF v /NN

R ow# 2

K =

il %

(B&ES)
0-1
O-—2
O—3
O—4
O-5
O—6
O—7
[—-1
I—-2
I-3
I1—-4
I-5
-6
[ =7



tyiar2 HAHSOEEELRFHRARE

<EHBE>

MEH 20 A 7z B A A =) H R & I-1

</\RIVETER >

® & T N W F on—-2
NEFRYU X B
H K #%—=H 0—-3
) ot B B 0I—-4
G. 75—7 I-5
oIl IE #h I-6
= M FE * o0—-7
R R Bt 0—38
F B 2
B P PE SE RS KB I K W F B OE L—1
<H5RIEE>
TEREXBHOHE] F. ELI v > L—2

TROBRX#E ITXIVF— - -BFHN—IIHHE

H 2 B & I 1 N P—1
a—FA4FR—F— FK* — A P—-2
AAT—F—
H E B P—3
OB B2 P—4

Yoo -xrb—2ar-T4—32A BEFNDREN, SEAZTRED

ST k—s— B K ERE v-1

II



tyar3 BREHEYA N2 RENICEZS

<EHRBFE>
EREIT T 7V - N VTR 75 ADHIR]
C. x>T4 m—1
<\ZRJUELER >
E B B R B 2z m—2
JAC- SIS
C. x>T4 m—3
W. 4 vFU m—4
B X I B m-5
H. =25 NWVJ7 L kb m—6
B {Z JE m-7

tyari4 FImRMERFN—REDONIFE TDRE

<#&E B>

MR EANE 2 1 R ICMZ2 25T 00— REREEE S EENMEDT 1Ty I R

B X X i# V-1

< BRM% S FRER >
OB ®ow s V—2

a2 Ba—4—EEFT WO fRRER V-3
M2 1iMEoRFH2EELT-REFAHCBTSEMOEE]

#F B e N—4
(AR EFE S REBEMIE I CETE 2] B B z B V-5
Oy 7O —7 ek AHE ] S. ¥avu N—6
< 8 >

ey QECJR &AL BT D HUINHR D 1R E] R RO B V-7

1II



CONTENTS

OPENING SESSION

JAIF Chairman's Address Takashi Mukaibo
Remarks by Chairman of the Atomic Energy Commission of Japan
Sadakazu Tanigaki
Remarks by Chairman of the Conference Program Committee
Hiroyuki Yoshikawa

[Lectures]

"Security and Energy Security in East Asia" Robert Gallucci
"Status and Prospect of China’s Nuclear Power Program"
Jiang Xinxiong

"The Future of Nuclear Power in France" Yannick d'Escatha
"Nuclear Energy for Sustainable Development: the Role of IAEA"
Sueo Machi

SESSION 1: “Global Warming and Energy Solution”
[Keynote Address]
“Global Warming and Global Energy after Kyoto” Michael Jefferson

[Panel Discussion]
Chairman: Jiro Kondo

Panelists:
Michael Jefferson
Luis Echavarri
Yoshihiko Sumi
Qu Shiyuan
Tsutomu Toichi

SESSION 2: “Japan’s Social Transformation and
Its Impacts on Nuclear Energy Development”

[Keynote Address]

"Japanese Society at the Turning Point" Soichiro Tahara

(Pages)
Oo—-1
O—2
O0—3
O—4
O-5
O—6
O—7
I—1
I1—2
-3
[—4
I—-5
I—6
-7
om—-1



[Panel Discussion]

Chairman:  Mitsuko Shimomura -2

Panelists:
Soichiro Tahara o—3
Yumi Akimoto I—4
Gregory Clark -5
Masazumi Saikawa I—6
Masao Takuma -7
Yoshinori Yamaoka on—-38

LUNCHEON
Remarks by State Secretary for International Trade and Industry
Kensei Mizote L—-1
[Special Lecture]
"Harmony for Civilization with Nature" Frangoise Moréchand L — 2

PUBLIC TALKS: "Energy and Nuclear Power—What Are Problems?"

Moderator: Kazuko Tamura P—-1
Coordinator: Kazuhisa Mori P—-2
Commentators:

Soichiro Tahara P-3

Tokunosuke Nakajima P — 4
YOUNG GENERATION'S FORUM:
"What Needs to Be Done Now for Nuclear Energy’s Fuiure"

Coordinator: Tatsujiro Suzuki Y—1

SESSION 3: “Nuclear Fuel Cycle: Review in the Long-term”
[Keynote Address]

"The Back-end of the Nuclear Cycle: A Summary of the Situation in France"
Claude Mandil m—1



[Panel Discussion]
Chairman:  Atsuyuki Suzuki m-2

Panelists:

Claude Mandil
William Wilkinson
Toshiaki Enomoto
Helmut Engelbrecht
In-Soon Chang

HEEHEHHEH
!
N o U W

SESSION 4: “Advanced Technology and Nuclear Energy: Progress and Prospect”
[Lecture]

“The Dynamics of Science and Technology Development toward the 21st Century"

Fumio Kodama -1
[Visual Presentations]
Chairman: Mamoru Akiyama N-2
"Computers in Relation to Atomic Energy" Shojiro Matsuura V-3
“Nuclear Technology towards the 21st Century
—Advancement of Nuclear Technology” Hiroshi Machiba V-4
"The Status Quo of Medical Technology Using Radiation"
Yukio Tateno V-5
"Unique Russian Technologies Related to Nuclear Energy"
Sergey Zykov V-6
[Lecture]

“The Role of Radiation in the Origin and Evolution of Life"
Mitsuhiko Akaboshi N-7



OPENING SESSION




PRI | EHERAE SR R G R

BRI |Om
() mRHIEN-RERAE
JHui R #

FRUK" 5 EEEE QAT K N-RESHKAGE S ER 1150 S e

R4 | EEE K KO RS o OV HEH KO | IMRNLAE 7 3U
P S AU

BN HOLEKONESR Y& KWL TRPNBRVAV L H041 )00 D540
5 R DY P

W QRFLRREDVOS THEE] NWOKR OV e Lmn Ul #ao%i
eSS QB S A R K HEECKER QRIS OQ R MR MO s FHEg
BN AQ S v KU HERIA Q6 1 MR O W 00 St QI Q{8 & 17
QEE S0 STEIG N KNG KK AU SR F B D W 06 D 42°

DR HES0 S BEEIVS O Wik SRRSO Y B SOSBRE M X
NG BEH S ORI mim DSOS St B0 QR R0 oA BT
R 00 BIRINGK G M 5 40080 0RERY QR8N Qb e
R SRR S A

IEN-REEMR O RER V" B IL M Q3RS R I 7 MG (i 4 H B I
QTN LM O W St D NN ANA—NREEQRTET miE- L BB
o S QMEERER O RO ERIEN G S VRN FIRHIT O A S 1)
QT30 MIRN--REREEHT Q I HF S KRRIGQHK O 4daP QAU St D 50

R @RI B o B B 08 SEKIEV O BNEEATAR - LA
H N QERRGA SIS QR B M 1O SERRIERNS O V7 ) RN
HOW LR O S QA 0 QRIEW O I QAT O v S HIRN--R O RER 48
Ol EIRESVQOHENG LYY QREQT L0890 IFEEIBR) ~VEIRLS L 1A
SHD S RO e O 4L°

BEERTAR - CAXNH N CQEESVOKRBENEEHY vl QT MRS
HRKELEE O VR0 TRETHR A REREE) R FRUBERF0VEKR
AR R NBEHOE IEN-REER M QOORH O IR R Sm &R0
H RS W00 HIERER M A0 K QN KNS 8-V S nER Q|-

O0—-1—1



o IEEE RS H QAT QU308 L U RO Q BRI A8 S i A°

W REET 1) QSRR R ( QKR RGO O HR i SR ( 3 ORKER
MASO WD L A0 R Q i IR S EH .2 IS © MR Q R 134940
N2 0T Gr&- U SRR O & iV P R H VB 4055 W 4G 0 52007 HI= NI
KRR 1 SHERHIMIN 40 G S D8 KRV mRIHEGERR 0 B0 0400”30
PSR O MR BRIV RE D2 R AQOF KNI 38 AQ ik S 48 S 4d Jaurd”
D S0 R O -H D HIZHRHQ QMY 1) QWO \) ) RBI0 S Q 17 T
T AHm O SQERAU S 4 da04d S AR A

WV GESHKKMUSHTRIN— Y &7 [ERH-R—3% CO
IEMNIETI S H AR S —ERERHIE 1R O 3R O D QU808 L BRI U o TS M
DN QLT bR MRS K A0 LOBIE 08 SHAA T 1 SR <K A QW7
RIDHDOERSIZR 0 J T B 5 88 2 VB S p6° 1) QERNIE i e R
T REPEEEN < IR R K H DS S IR RIS ERIQRY N Ko
B O L QBT RIEOL S0 J VT EROL e’ MR 13 ] Q IR N-RERSKHT - URBR O
7 AW QIR RS | BB QR4 M v SRtk A°

Gr®E 0GR I/E OV L R LI 08 L IREEKIN O O OV B TR o).
HRR RS O JEIRROMIEY 0.0 BITIER K IR NEIIL Q B4 RQ S
PR EESOKN BN H AL WHEEERERE WA@Y S JAUs0EEIT D40 2 Ay
B S e

TN REREE S IKN--RINIE QHIHARR N BV E 83 s W QEILY | BB
AR O H e | BRI S BIIYEIE DO URER R O\ S 3 R0 0 S H2°
I M- RESBR LK OORFES IRV | SHEMNIENR #4" P RIN-R
FRAR M IXEAU S0 rfUsD | FIQERRNY T IRMN-REER M R CIRIREKE © M N &
—A W R SHIERSIT O P S S’

GERSHEKWUL L L O0QES” {EKQIBIRIXE QUHVRE St 0-uPt ¥
M- REESAVEIOHI S <4450 QIBISE QIR U BRI 2N < N HAN— N m
A e NR—ING DT O 1) QO BIR HTRRSHBIR I E S Q5000 1 ) A EREE D7
KOLOQH CQNMANM N QEEKVAUDN RKWRIEN-REEMRND O W OFH 0.0
SN M AR B O ORISR Y L A0

I SREER S A AT U S D 4°

o] VRS HIRT Hig
-

0—-1-2



Remarks for the 31st JAIF Annual Conference
by
Dr. Takashi Mukaibo
Chairman of the Japan Atomic Industrial Forum (JAIF)
April 20, 1998

Mr. Chairman and everyone attending the conference today: welcome to the
31st JAIF Annual Japan Conference. I am the chairman of the Japan Atomic
Industrial Forum, Takashi Mukaibo.

As the chief representative of the organization responsible for the conference,
I stand before you today to deliver an opening address. Before I begin,
however, let me first express my heartfelt thanks for the great number of
participants in the conference, both from Japan and abroad.

Well, I believe that most people are aware that Japan now stands on the
verge of another turning point in its history. Since rising from the ashes of
the Second World War, the nation has developed to the point where it
occupies an important position in the world economy. In the past fifty years,
the structures and systems in Japan have played an extremely important
role in that development.

However, the new winds of internationalization and globalization have now
compelled changes, somehow, to be wrought in those structures and systems.
While they mnaturally include reforms in politics and the national
bureaucracy, we must also engage in a broader range of reform in the fields

of economics, education, and even academism.

In the area of nuclear energy development, the generation of electricity by
light water reactors (LWRs) is advancing smoothly in Japan, with their
having attained the status of a major electricity source that is both
economical and safe. Moreover, the broad use of radioisotopes and radiation
has gained an important foothold in the lives of the people, especially having
shown brilliant progress in the field of medicine. These are truly the fruits of
many years of efforts by the people involved in the development.

O0—1-3



Meanwhile, there are many tasks remaining for us to deal with, including
the establishment of the back-end of the nuclear fuel cycle and . In the
process of that development, though, several unfortunate incidents have
occurred in the past few years that serve to underscore a certain fact. That is,
even the field of nuclear energy, which has prided itself for being at the
forefront of the times, is no stranger to the systemic exhaustion that plagues
Japan, such as in the field of crisis management.

In order to grapple with such tasks as the establishment of the back-end of
the nuclear fuel cycle and , it is important to get the new nuclear fuel cycle
development organization -- established to succeed the Power Reactor and
Nuclear Fuel Development Corp. (PNC) as part of the reform process -- up
and running smoothly. But our efforts cannot stop there: the various existing
systems dealing with nuclear energy development need to be reviewed from
a new perspective. Needless to say, the most urgent task facing us is to
engage in that review actively, in the context of the more general reform of
Japan's social system as the country enters a turning point.

I believe that the proceedings at this conference, where basic ideas of reform
will be explored, will provide the opportunity for us to rise to the challenge
before us. I entrusted Dr. Hiroyuki Yoshikawa, professor emeritus at the
University of Tokyo with the job of chairing the program committee for the
conference. Not only has he been playing a leading role in the field of
engineering design, but he has recently taken a leadership in social design as
well on account of his own engineering expertise. As you know, he has been
involved in the reforms of PNC by chairing its directive committee. I am
deeply appreciative of Dr. Yoshikawa's having agreed to serve as program
committee chairman despite his extremely busy schedule, which includes the
presidency of the Science Council of Japan. He will personally deliver a
lecture later on in the conference that will explain his ideas. Please listen
closely to what he has to say at that time.

Now then, moving to the main theme of the conference this year -- "Nuclear
Energy: New Challenges -- we can argue that the issue of global warming is
one that everyone involved in energy must grapple with. While some people
point out that there is no firm scientific evidence for global warming, it is

O0—1—4



definitely a crisis looming before all of humanity. A serious view of the crisis
leads to the obvious conclusion that nuclear power generation can play a big
role in preventing global warming, given its lack of greenhouse gas
emissions during the power-generating stage. JAIF is endeavoring
strenuously to preseﬁt this idea to the public, both to Japanese and overseas
audiences, with the cooperation of nuclear energy interests worldwide. As
for technological issues that still need to be resolved, one can cite the
development of fast-breeder reactors (FBRs), the realization of a more
advanced method to dispose of radioactive wastes, as well as the
development of high-temperature gas reactors and nuclear-fusion reactors. I
would like to take this opportunity to advocate an international division of
labor for these grand projects.

As professionals involved in the nuclear industry, we are already convinced
of the latent potential of nuclear power technology. However, we may have
been lax in sharing that feeling with the common people, failing to
understand their worries and concerns. JAIF will strive even harder in the
future to inform the public broadly about knowledge and information related
to the development of nuclear energy, as well as to ensure that their ideas
are reflected in that process. Our aim is to carry out such activities
dynamically as a center that brings together all sorts of opinions related to
nuclear energy development.

As usual, this year's JAIF Annual Conference includes a forum for the
exchange of opinions among the public. For the first time, also, we have
organized a "young generation’s forum" to hear out the opinions of the young
people who will take charge of nuclear power development in the future. I
really look forward to a brisk exchange of opinions at these forums, as well as
to the success of the conference's five sessions, which start today. If this
year's conference can contribute even a little bit to the advancement of
nuclear power development, I will be satisfied.

Thank you for your patience in listening to my address.
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Status and Prospect of China’s Nuclear Power Program
Jiang Xinxiong
President
China National Nuclear Corporation

China needs nuclear power.

China has uneven distribution of unrenewable energy resource
in terms of the national geography. China enjoys rich coal
resource, main part of which is located in the north. The hydro
resource is located in the west and southwest. The densely
populated and economically developed eastern coastal
provinces short of energy resource. have increasingly large
demand for power supply. Coastal East China needs nuclear
power. If the provinces in that area continue to count on their
fossil-fueled plants, the stress on transportation and
environment will be growing.

In mainland China, 2 NPPs (3 units) are in operation. The total
installed capacity is 2100MW, accounting for 1% of the national
total.Under construction are 4 NPPs (8 units) with capacity of
6800MW.

China’s energy policy is to optimize structure of fossil-fueled
plants, to develop hydro power with main efforts and to develop
nuclear power commensurately.

Policy for China’s nuclear power program:
1)to capitalize on the existing nuclear power technical basis;

2)to pursue the nuclear power localization and standardization;
3)to adopt advanced proven nuclear power technology;,

4)to stick to the principle of “ self-reliance as the major goal
plus Sino-foreign cooperation”.
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Status and Prospect of China’s Nuclear Power Program
Jiang Xinxiong
President
China National Nuclear Corporation

Mr. Chairman,
Ladies and gentlemen,

I am pleased to be invited by the JAIF to participate in the 31st
Annual Conference of the Japan Atomic Industry Forum to meet
many old and new friends. I would like to express my thanks to
the Japanese host for the invitation, and my respects to Japan
Atomic Industrial Forum for its excellent organization job for the
Conference, and I wish the Conference great success.

I really appreciate the opportunity of exchanging our views. Now
I would like to brief on the current status and prospect of China’s
nuclear power program.

I. China’s Need for Nuclear Power

China started up nuclear power program in early 1970’s with two-
fold need behind: we need to make peaceful use of nuclear energy;
the coastal east China needs nuclear power supply.

China has uneven distribution of unrenewable energy resource in
terms of the national geography. China enjoys rich coal resource,
main part of which is located in the north. The hydro resource is
located in the west and southwest. The densely populated and
economically developed eastern coastal provinces, short of
energy resource, have increasingly large demand for power
supply.

China mainly depends on fossil fuel power supply with a
proportion of 81.5%. If the coastal provinces in that area
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continue to count on their fossil-fueled plants, a great deal of
coal will be transported across the long distance from the north
to the south, causing growing stress on transportation and
environment.Nuclear power is a clean and efficient energy
resource. The option of developing nuclear power on the
southeastern coast is the need of economy and the logical power
supply structure. For these reasons, the first two NPPs of
mainland of China are located in the coastal Southeast.

II. Current Status of China’s NP

In mainland of China, two NPPs are in operation and 4 NPPs( &
reactors) are under construction.

2.1 Two NPPs in Operation

Qinshan NPP

Qinshan NPP, located in Hangzhou Bay 120km southwest to
Shanghai, is a 300MW PWR unit with self-reliant design,
construction and operation. Since put into commercial operation
in 1994, has enjoyed sound record, with the load factor of around
80% during the past 3 years.

Daya Bay NPP

Daya Bay NPP, located in Daya Bay area 65 km east to Shenzhen,
has 2 900MW PWR units imported from France. Since put into
operation in February and May, 1994, the load factor has
remained around 75%.

With years of NPP operation, we trained management and
technical personnel and accumulated valuable experience and
lessons.In 1997, the total generated electricity in China amounted
to 1,135 billion kWh, of which nuclear power accounted for
1.27%, amounting to 14.4 billion kWh; the total installed capacity
exceeded 250 GW, with nuclear power 2.1GW, which accounted
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for 0.84% of the total. So far, the nuclear power accounts for a
minor part in China’s power generation.

II. 4 NPPs under Construction

As decided by the Chinese government, commencement of 4
additional NPP projects is scheduled for the 9th Five-year Plan
Period (1996-2000): Qinshan Phase II, Guangdong Lingao,
Qinshan Phase Il and Lianyungang NPP, including 8 units with a
total installed capacity 6.6 GW.

Qinshan Nuclear Power Phase II is located at the Yangliushan site,
2 km south of Qinshan Phase I site. The 2x600 MW PWR units,
based on self-reliant design and construction, and some
equipment imported from foreign countries. The first concrete
pour was on June 2, 1996; Unit 1 is expected to be connected to
the grid and generate electricity in 2002.

Guangdong Lingao NPP, 1 km west of Daya Bay NPP, includes 2
French-designed PWR units with total installed capacity 2x1,000
MW. The design and equipment necessary for the project are all
supplied by French. The first concrete was poured on May 15,
1997. The construction is now proceeding as scheduled, and the

plant will be fully completed and put into operation, as planned,
in 2003.

Qinshan Phase III located at Tanglangshan, 800 m east to Qinshan
Phase I site, includes 2x700 MW CANDU-6 HWR units. AECL
is contracting the project through a turn-key mode with Canadian
export credits and commercial financing. The first concrete will
be poured in June 1998, and the plant is planned to complete and
put into operation in 2003.

Lianyungang NPP, located in Lianyungang area 300km north to

Shanghai includes 2 Russian-origin improved WWER-1000 91-
type PWR units with a total installed capacity 2x1,000 MW. The
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design of the project and the main equipment for both nuclear and
conventional islands will be supplied by Russia, and some
equipment procured from other countries, including digital [&C
from German Siemens. And the Chinese party will handle civil
engineering, erection and project management. The project will be
financed partially by Russian government loans, and the
remainders at home by the Chinese party, while part of foreign
export credits and commercial loans will be adopted. As predicted,
the first concrete pour is scheduled for the second half of 1999;
Unit 1 completed in 2004.

III. Prospect for China’s Nuclear Power Development

Per capita installed capacity of power generation is rather low in
China, only 0.18 kW in 1997, one third of the world average level,
which is far from meeting the demand of the national economic
development.

At present, the power structure comprises coal-fired power
making up 81.5%, hydropower 17.2% and nuclear power 1.3%
only. Construction and operation of a large number of coal-fired
power plants have caused serious stress on transportation and
environmental protection.

China, particularly the economically-developed eastern coastal
area needs nuclear power development.

China’s energy policy is to optimize structure of fossil-fueled
plants, to develop hydro power with main efforts and to develop
nuclear power to a commensurate degree.It means that nuclear
power growth is required but remains in a certain level. Nuclear
power, as a clean energy resource, is a right option for the coastal
area lacking in coal and hydro resource. Nuclear power expects
fast growth in China for next century.

The 9th National People’s Congress has just concluded in China.
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The new government will work out the national energy
development planning. Whatever scale China’s future nuclear
power development is, the following factors will be considered:

1) To capitalize on the nuclear power technical base in China

With nearly 20 years’ efforts, we completed 2 NPPs and 8 nuclear
power reactors are under construction. China has exported, in
turn-key form, a 300 MW PWR NPP to a neighbor country. A
strong management and technical team specialized in nuclear
power design, research, construction and operation has been
fostered. This is the base and task force to continue our nuclear
power program. We will utilize the technical force to fulfill new
development.

In past 20 years, with the nuclear power growth, a complete PWR
fuel cycle has been established.

2)Localization and Standardization

Problems exist despite the great achievements in China’s nuclear
power program in recent 10 years. One problem involves diversity
of reactor types.We have both LWR and HWR types. Among the
LWRs, there are self-designed 300 MW and 600 MW units, and
1,000 MW units introduced from France and Russia.

Localization and standardization of nuclear power construction
must be realized in China for the sake of further development of
nuclear power in the next century.We failed to form a nuclear
power industrial system that fits in with China’s realistic
conditions. For a developing country like China, the failure to
centralize the use of our limited human resource and funding
source 1S not favorable to nuclear power sustainable growth.
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In order to lower nuclear power construction cost, shorten the
construction period and ensure the sustainable nuclear power
growth, China must take the localization and standardization
approach to go ahead with the 21st century’s developement.

3) To adopt advanced and proven nuclear power technology

The construction of 4 additional NPP projects ( 8 nuclear power
units) is scheduled for the 9th Five-year Plan Period (1996-2000).
For the development plan after the year of 2000, the new
government will work out planning.To optimize China’s energy
structure, nuclear power must cover a reasonable proportion in the
power generation. According to the estimates of experts, if the
nuclear portion would be 5%,the nuclear installed capacity will be
30 GW and 40 GW in 2010 and 2020 respectively. But the
nuclear installed capacity of the 11 reactors operated and
constructed at present amounts for only 8.7 GW.

Principal technical guideline for China is PWR type as the major
selection in China. It will not be changed for the future. The NPP
for construction in the 10th Five-year Plan period (2001-2005)
might not be the new generation advanced NPP but surely it will
be improved and technically proven type and gradually
transitioned to new generation advanced NPPs. China does not
build untested prototype reactor with no operation records. We
will adopt advanced but proven nuclear power technology.

Nuclear power technology, just like other technologies, develops
and improves continuously and the perception of nuclear power is
also growing. We will follow up on the world nuclear power
technology trends.With the technical guideline of PWR as the
major type, we do not discriminate against other nuclear power
technologies with distinguishing safety, advanced and economic
merits.
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4)Self-reliance as the main effort plus Sino-foreign Cooperation

The on-going reform and opening-up policy favors China’s
nuclear power program. Actually, the successful nuclear power
program benefits from this policy. Qinshan NPP is our first self-
reliant designed NPP. Some of the important equipment was
imported from foreign countries. For example, its pressure vessel
and core barrel are from Japan. The design, construction and all
the equipment of Daya Bay NPP are handled by French. During
these years, we have enjoyed cooperation with foreign firms
effectively.

With nearly 20 years’ hard work, China has built certain strength
in nuclear power industry. We still stick to the principle of self-
reliance as the focus plus Sino-foreign cooperation.

China’s nuclear power market is open to foreign companies to
participate in our program. We will continue to need international
cooperation. Then we will select foreign partners based on the
following priority factors: '

1. technical scheme to fit in China’s reality
. helpful to China’s localization goal
. advanced and proven technology

2
3
4. favorable financing conditions.
5. economic competitiveness

China’s nuclear power program is one part of the world nuclear
power community. So we must share our lessons, strength and
support to work together to make nuclear power a well-accepted
safe, clean and economic energy by the public and a lasting
sustainable energy.

Thank you for your attention.
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The Future of Nuclear Power in France
Yannick d’Escatha
Administrator General, French Atomic Energy Commission

Thank you Mister Chairman, Ladies and Gentlemen,

First of all, I would like to express my great pleasure to be a guest of the
31th Japan Atomic Industrial Forum Conference and all the more so to
share this honor with such distinguished speakers. This morning’s
session is devoted to the many challenges facing nuclear power

development.

Actually, a discussion is being prepared in France which can be
identified with that of the renewal of the French nuclear power park.
After a period of intensive construction culminating today with the
commissioning of level N4 (Slide N1), the French nuclear system has
reached maturity, with an operational nuclear power park that is safe,
competitive and environment-friendly. The discussion bears on the
content and the precise schedule of the decisions that will have to be
made in the coming decades by Government authorities and industry to
replace the nuclear power generation capacity, as the power plants reach

the end of their lifetimes, starting around the year 2010. This
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discussion is legitimate as the present context is in full evolut

whether in terms of economy (particularly with the opening of
electricity market), or environment with the commitments made at t}
Kyoto Conference relative to greenhouse gas emissions. Concerning th
last point, respect for the environment, I mean, I am sincerely convince
that the dynamics initiated in Kyoto cannot be stopped and that th
public will recognize the advantages of nuclear energy. But for th
nuclear industry, this globally favorable context comes with growing

requirements, not only for competitivity with respect to other sources of

energy, but also concerning safety and the ability to satisfactorily

manage the long-lived radioactive wastes.

The mission entrusted to CEA is therefore to maintain the nucleat

alternative open up to the year 2010, to enable Government authorities

and industry at that time, to make the decisions concerning the energyi
policy for the 21* Century.

It is in this long-term perspective, and with a view towards preparing the
choices for the 2010 timescale, that the Government has adopted the
major orientations which I shall briefly review now.
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SUPERPHENIX IS ABANDONED

Complying with its commitments, the Government decided to abandon
the breeder reactor Superphénix, not for reasons of safety, but because
the system no longer seemed to have any short-term industrial prospects.
This prototype, launched in the 70s in a context of energy shortage and
fears of tension in the uranium market, no longer appears adapted to the

priority requirements of today’s economic context.

Nevertheless, Superphénix represents a wealth of technology, developed
by highly motivated and competent teams. So benefits must be reaped
from the experience accumulated, and research on fast neutrons should

be steadily continued for a more distant future.

MASTERING THE BACK END OF THE FUEL CYCLE

Mastering the back end of the fuel cycle, that is to say the management

of the spent nuclear fuel and the resulting wastes, is a major challenge, if
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nuclear energy is to be accepted by the public. The Governmeg

recalled its attachment to the December 30, 1991 law, on resear
concerning long lived radioactive wastes, and it stressed
complementarity of the three research lines of this law : the separati
and transmutation of long-lived radionuclides (line 1), disposal in deep
geological layers, retrievable or not (line 2) and long-term Surface
interim storage (line 3).

So research on transmutation will be continued up to 2004 thanks to the
re-starting of the fast neutron research reactor, Phénix (Slide N2).

By the end of the first half of the year, the Government will make its

decisions concerning the sites selected for the installation of

underground laboratories, designed to study storage conditions for

radioactive wastes in deep geological layers.

The Government also wishes to intensify research on long-term surface

and sub-surface interim storage.

Under the terms determined by the law, in 2006, after 15 years Of
research along these 3 lines, Parliament will decide on the managemené
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of these wastes. The research, undertaken on the three complementary
lines of the law, should enable all possible alternatives to be studied, and
all choices to be left open for Parliament, to make a decision concerning

the strategy for management of long lived waste.

TRANSPARENCE AND NUCLEAR MONITORING

In the third and last place, the Government recalled the importance of
transparency, which is a major factor for public acceptance of the
nuclear option. To improve this, the Government asked the President of
the “Parliamentary Office for the Assessment of Scientific and
Technological Choices ” to make proposals. This report is expected for

next July 31.
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o So the Government clearly reasserted its commitment to nuclear powg

and, in conformity with its missions, CEA is called upon to play
major role in the preparation of the decisions that will be made in 200
for the back end of the cycle, and in 2010 for the renewal of th
nuclear power park. CEA must, in particular, be vigilant so that, at th

time of the decision-making, the nuclear option remains fully open,

which means that all impediments or questions regarding 1ts

SRR

implementation be resolved. It must thoroughly and impartialhé

]

o

explore the various possible scientific and technical alternatives, and

propose, to the Government and to industry, a whole range of

solutions.

e In fact, nothing would be more harmful to the future of nuclear power
than conveying the feeling that the decision-makers have already
chosen a single and inescapable path. The studies made by CEA
with its industrial partners, in the framework of a ministerial mission
coordinated by Misters Mandil and Vesseron, show, on the contrary,

that the nuclear industry offers great flexibility of choice (systems;

composition and operating methods of a pai“k, type of fuels,
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implementation of recycling, dedicated management of waste and so
on), as well as flexibility in time. Indeed, the options may, if so
desired, be used in parallel, and one can switch from one to another in

the course of time.

This implies, however, developing a long-term vision over 50 years.
The facts of life are tenacious : after some dozen years, we must be
prepared to deal with a shortage of oil and gas, as well as of Usss
Beyond that will be available on one hand Coal (but with the already
well known consequences on CO, and other discharges detrimental to
the environment), and on the other hand uranium with the condition to
be able to burn all the uranium, then (calling on) plutonium and fast

neutrons.
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In this context, what are the great scientific and technical challengg

CEA must face with a commitment to results in coming years ? In my

opinion, there are 7 of them.

a) First challenge : A new generation of reactors

e Replacing the present park, (as the power plants reach the end of their
lifetime), should fit into the very long term (planning policy) for power
equipment, and hence into the energy “ mix ” the optimization of which
the government must ensure for the next century. This optimum will
combine nuclear, gas, renewable energies, energy savings in proportions

that must be able to adapt to a changing energy picture during the next

50 years and even beyond (let’s recall that the new generation European

Pressurized Water Reactor EPR is designed with a life span of 60 years).

e The new reactor generation must therefore provide full guarantee in
terms of safety and operation, while meeting growing requirements in

competitiveness and flexibility compared with other forms of energy,
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which also benefit from scientific innovation and technological advances.
The experience gained with more than 1000 reactor-years™ in France and
Germany, but also the advantage of standardization and keeping of the
(safety framework) must be however valorized by making possible to
consider this new reactor generation in the éontinuity of pressurized

water reactors.

e CEA’s clearly determined goal is to contribute, along with its partners
in industry and research, to optimize performances of EPR : French-
German pressurized water reactor project, to develop and certify the
computing tools required to meet this goal, and to completely validate
the very ambitious options adopted, especially concerning control over
serious accidents. This is why CEA is backing the project to build, in
the next decade, a first unit which would allow a life size demonstration
of the whole of this experience. The experimental feedback from such
a demonstrator will make it possible to pinpoint and plan the required
changes, (prior to its deployment) in the renewal of the park.
Demonstrating these performances, will contribute to strengthening,

when the time comes, the validity of the new generation nuclear
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proposal and its acceptance by the public.

e Of course, this goal in the framework of park renewal is not
contradiction with the endeavors undertaken by CEA with its industriy
partners to ensure the best operating conditions for the present park

including extending its life span.

e As for the usefulness of fast neutrons, this is not questioned over the
long term, keeping in mind that the commercial phasing-in of FNRs is
not anticipated before about forty years. The strategy adopted by CEA

upon request of the Government following the abandonment of

Superphénix is to go on with research in fast neutrons field based on 3
stages :
First stage, Phénix, a small size reactor particularly easy to operate in
terms of short cycle and measurements. Following extensive
renovation work done by CEA, the Safety Authority decided it was
possible to resume power up to 2004, to carry out the research

program on the transmutation of long-lived wastes ;

* Second stage, the optimized so called Jules Horowitz reactor, the
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commissioning of which is planned for the year 2005;

x Third stage, the perspective in the European framework of a
hybrid system demonstrator consisting of a particle accelerator
coupled with a fast neutron sub-critical reactor in accordance with the

principle recalled recently by Professor Rubbia.

b) Second challenge : High Performance Fuels

Another goal pursued by CEA is the optimization of fuels, with a view
towards extracting the main part of the energy content of uranium,
directly or after reprocessing-recycling. The burnup of UO2 fuels can
still be increased, thus making it possible to extend their operating life
and the duration between 2 refuelings, a very significant economic asset
(next slide N3). MOX, which already allows an additional amount of the
fissile energy potential to be used in competitive conditions, can have its
performances raised to the same level (in term of burn-up) as those of

UO2 fuel, to take the place of standard fuel.

o About the front end of the fuel cycle, the goals are clear : be able to
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ensure, when the time comes, that the industrialization of AVIJ

process will be able to pick up where EURODIF leaves off (next slj
N4). AVLIS is the enrichment process by atomic vapor laser proces
The first-rate scientific and technical results obtained by CEA last yeay}
must not hide the fact that a lot of work remains to be done to bring th
process up to the necessary level for an optimized industrial operation, i

terms of performance, availability, reliability or, in short, competitivity.

¢) Third challenge : Long-Lived Waste Management

e To keep the nuclear option open until 2010, a coherent set of long:
lived waste management methods must have been defined, accepted by
the public, and their regulations specified. I say a coherent set because

here again, I should like to insist on the necessary opening up of options

and on the flexibility of their implementation in time. Indeed, due to its:
very nature, management of the nuclear fuel cycle requires lengthy stepsi
but which, on the other hand, provide time to account for changes in the
economic or political context and to incorporate innovations stemming

from research. Hence the importance of retrievability in this case.
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In view of the 2006 deadline set by the law, CEA is devoting a large and
increasing share of its resources to research on the back end of the

cycle :

e Phénix will allow to continue experimentation of alternatives for a
massive burnup of plutonium thanks to fast neutrons, and the
experimentation of alternatives developed in the framework of the
SPIN program for the transmutation of minor actinides and long-lived
fission products. Moreover, the so called Jules Horowitz (RJH)
reactor project is optimized in view of sustained research on fast

neutrons.

e CEA 1is also intensifying its effort in 1998 and 1999, (on the
conditioning and long-term surface or sub-surface storage of waste
packages and spent fuels). This work will result next year in (very
long term) surface storage concepts concerning the various categories
of wastes. Moreover, CEA is in charge of submitting to the

Goverment, before the end of the year, a report on the concept, the
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advantages and the feasibility of a long-term sub-surface mter

storage.

d) Fourth Challenge : Mastering Dismantling

It is of course important for the nuclear industry to be able t
demonstrate to the decision-makers, as well as to the public, th
complete mastery of the life cycle of its facilities, from grassland
grassland, as we say. This is why the operation that CEA is carryin

out jointly with EDF in Brennilis (next slide NS5), in Brittany, 1

-
<

particularly important and must be conducted in an exemplary manner

CEA’s position is that, in this context, the process must be carried outas
speedily as possible up to IAEA level 3, in other words, precisely bacli

to grassland.

This is also an opportunity for significant progress on very low level
|
waste management, since dismantling operations, by nature, generate 4

large volume of this type of waste.
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¢) Fifth challenge : Safety

In order to master them, taking serious accidents into account in the
design of second generation reactors is a major innovation in safety ; this
underlies important research and development programs. We may
mention, as examples, the control of the hydrogen risk (Mistra program),
the development of efficient processes aimed at spreading and cooling
corium (Vulcano program), the understanding and control of fission
product release phenomena (Phébus PF program) (Next slide N6). These
latest programs are carried out especially in collaboration with Japan
which has become one of our main international partners for research on

nuclear safety, with JAERI, NUPEC, and PNC.

Of course, above and beyond the very specific programs mentioned
above, we can say that, by nature, all the innovative programs
concerning nuclear topics must include some studies on safety, as safety
is an integral part of the very design and of the sizing and operating rules
for nuclear facilities, which also must result from an international

consensus.
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f) Sixth Challenge : Radiobiology

Scientific advances in the domain of radiobiology and, more gener
of the detailed understanding of the interactions between radiation

living matter, are a necessity for promoting public acceptance of nuc

It is necessary to achieve an understanding of the intimate mechanis
of degradation and repair at the cellular and molecular levels and,
particular, of DNA. Only this understanding will allow an unb1ase
view of the risk, and hence of the basic norms and regulations foz

radiation protection to be achieved. CEA’s effort in this domain h

already been intensified in the past years. We are continuing to pll(%

2

this research in partnership with the other research establishments ang

universities, with many international cooperations.
g) LLast challenge : Controlled Fusion

Indeed, (next slide please N7) controlled fusion is further away, but '

the panorama of long term options concerning energy resources, thl

promising alternative must not be omitted. However, it concerns the
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very long term insofar as, today, nowhere does any laboratory have
reached simultaneously all the conditions to sustain the fusion reactions.
It is therefore essential to work out a strategy able to manage this
program over an extended period of time, preserving the present
international dynamics and the collaboration between Europe, the USA,

Japan and Russia.

CEA obtains important scientific results on TORE SUPRA in Cédarache,
especially for mastering long-term discharges and the gathering of solid
experience in the operation of superconducting tokamaks. Other CEA
teams are contributing to the advancement of various technological
domains important for the future fusion reactors, such as materials,

thermics and tritigen blankets.
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And now I come to my conclusion:

So the 7 major challenges have been briefly exposed. In my view, t
stand as fundamental scientific and technical challenges to be face
keep the nuclear option open to 2010. Nuclear energy indeed remain
essential component to meet France’s energy requirements w
complying with the Kyoto Conference commitments, and the ene
policy orientations set by the Government. Consequently, it i
important to provide the Government and the public with all th
demonstrations on the economick competitiveness of nuclear energy, o&

the safety of the facilities and on the management of radioactive Wastesé

In this context, CEA is called upon to play a leading role to propost!

when the time comes, a set of satisfactory alternatives for the decision
that the Government will take in 2006 concerning the back end of th;
cycle and in 2010 for the renewal of the nuclear power park. Th
clearly reasserted commitment of the French Government to nucle

energy opens up ambitious program prospects for CEA. Over all the

g

research topics, CEA must prove its responsiveness, mobilize iff
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expertise and test resources, and make the best advantage of synergies

among its different sectors of science and technology.

But for many of these research topics, it is mandatory for CEA to
strengthen its ties with the rest of the French and international scientific
and technical community, and particularly Japanese, mainly with JAERI,
PNC, NUPEC, CRIEPI and certain universities, in the framework of
present and future collaboration agreements. Indeed, success shall result
from the mobilization of all participants in the nuclear field in domains
representing widely shared technical and political stakes such as safety
and long-lived radioactive waste management and, for the long term, the

development of common strategies.

I thank you for your attention.
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20-22 April 1998, Tokyo, Japan

Nuclear Energy for Sustainable Development:
the IAEA’s Role

Sueo Machi
Deputy Director General
International Atomic Energy Agency

1. Increasing energy demand

Recent studies by the International Institute for Applied System Analysis (IIASA) and
the World Energy Council (WEC) project energy demand increases of between 50% in a low
economic growth scenario to more than 150% for the high growth scenario by the year 2050.
These demands are mostly driven by growing populations and growing economies in the
developing world. The current global population of about 5.9 billion is increasing at a rate of 80
million per year. By the middle of the next century, global population is forecast to have

increased by 50%.

Strong economic growth in many developing countries, particularly countries with very
large populations such as China and India, will lead to a continuing sharp increase in per capita
energy demand and consumption for a better quality of life. The potential increase in demand is
illustrated in the following figures. At present, Bangladesh and Tanzania use less than 100 kWh
per person per year; China uses nearly 1000 kWh and, by contrast, 12,000 kWh in USA. There
are plans for a sharp expanded use of electricity not only in Asia but also in Turkey, Mexico and
South America. The World Energy Council forecasts that by the year 2020, world consumption

.of electricity will increase by 50-100% from the level in 1990. The serious question is how to

produce additional electricity in a sustainable way.
2. Energy supply system options
The criteria for choosing between different energy resources have become more

complex. Environmental impact is becoming important in connection with global warming.

Safety of operation, and reliability of fuel supply in view of national energy independence
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priorities are also factors. Economic competitiveness is a major commercial consideration by

complex to determine accurately.

The IAEA has a particular role and the necessary expertise to assist Member States in
making informed choices with regard to the energy mix they pursue by conducting objective
comparative studies of nuclear power and other energy supply systems in terms of greenhouse
gases emissions, risks and economic factors. The IAEA comparative studies programme
includes: (1) energy demand analysis and supply options, (2) economic analysis, (3) health and
environmental impact and risks of energy systems, and (4) sustainability of supply. The
programme is being carried out in co-operation with eight international organizations: EC,

ESCAP, EBRD, IIASA, NEA/OECD, OPEC, UNIDO, WMO.

3. Climate change concern due to heavy dependence on fossil energy

Today 87% of commercial global primary energy depends on fossil sources. These
sources have a strong environmental impact through the release of noxious gases (SO, and
Noy), toxic substances (heavy metals) and greenhouse gases (CO,). Nuclear power and hydro-
electric sources - with minimal environmental release - each contribute only 6% of global
energy supply. At present one third of commercial primary energy is consumed in electricity
generation - fossil fuels account for 63%; nuclear power 17%; hydroelectric 19%; and
renewable systems less than 1% share. Most of the recently added global electricity generation
capacity is fossil fuel and the expansion in the transportation sector is oil based. The WEC and
ITASA middle economic growth scenario projection at the year 2050 is for more than a double
increase in fossil fuel consumption and a continuing fossil dominance with 2/3 share of global

energy, some 20% less than today.

The short term outlook is clearly for greater GHG emissions. The Intergovernmental
Panel on Climate Change (IPCC) reported that the atmospheric CO, concentration - which in
pre-industrial times had a level of 280 ppmv - has risen to some 360 ppmv in 1995 and will
reach 700 ppmv in 2100 in the mid-range emission scenario. This increase may cause an
additional increase in surface temperature between 1° and 3.5° C . This climate change would

be associated with a rise in sea levels of between 15-95 cm.
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4. Kyoto Protocol

At the 3 session of the Conference of the Parties to the UN Framework Convention on
Climate Change (COP3, UNFCCC) in Kyoto, agreement was reached on an average cut in
greenhouse gas emission by industrialized countries of 5.2% from 1990 levels between 2008
and 2012. The reduction targets are 8% for the EU, 7% for the US and 6% for Japan. There are
similar targets for 21 other industrialized countries. These targets are legally binding for states
that accede to the Protocol. The Protocol opened for signature in New York on 16 March.

Seven countries have signed already including Argentina and Switzerland.

Past agreements show how difficult it is to achieve a reduction of CO, emissions. In
1988, the Toronto target was to reduce CO, emissions by 20% by the year 2005. However,
since 1988, global CO; emissions have, in fact, increased by about 16%. In 1992 the Rio target
for industrialized countries was to return to the 1990 level of CO; emission by the year 2000. In
fact, between 1990 and 1995 US emissions increased by 6% and Japan’s emissions rose by
12%, while Russia and Eastern Europe lowered their emissions by 30% due to industrial
disruption. An IEA (International Energy Agency) study projects CO, emissions in 2010 to be

in the range of a 36% to 50% increase above the 1990 level.

It was particularly disappointing that the Kyoto Conference did not make any explicit
reference to nuclear power which currently produces 17% of electricity without emitting GHG.
The Conference urged States to improve energy efficiency and to promote “new and renewable
forms of energy” and “advanced and innovative environmentally sound technologies”. While it
may be assumed that many States view nuclear power as an indispensable part of their response,

more work needs to be done to focus public attention on the serious issues involved.
5. The use of renewable energy sources to avoid GHG emissions

Clearly, greater efficiency and greater use of renewable energy sources such as solar,
wind power, biomass and geothermal energy should be sought wherever feasible. Research and
development is being carried out in industrialized countries on technological improvement of
the application of renewable resources for electricity generation. However, solar photovoltaic

and windpower are intermittent sources of electricity generation. They are not suitable for
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base-load electricity supply without the provision of expensive energy storage facilities or
back-up supplier. Furthermore, the collection of energy from low energy density sources is
inevitably expensive. The area needed by these sources for an electricity generation capacity of
a 1000 MWe power plant is: 25-50 km® of solar cells, 50-150 km? of wind mills and 3000-500
km? of biomass plantations. These figures give some indication of the high cost and the
difficulties of utilising renewable resources for commercial electricity production, particularly

when land values are high.

Firewood remains economically viable in many places to produce heat for cooking and
home heating. Solar panels for hot water supply for families are used quite widely.
Photovoltaic solar cells for electricity in distant places where building power lines is very
expensive, is feasible. However, these growing “niche” roles for alternative energy resources
will not significantly reduce the pressure for increased base-load energy production and it is
difficult to imagine that these energy sources could be economically viable to meet the demand

for such large-scale base-load electricity generation.
6. Environmental advantages of nuclear power in avoidance of GHG

Nuclear power with its low environmental impact can contribute substantially to the
sustainable energy future. Nuclear power is a mature technology currently supplying 17% of
the world’s electricity to avoid emission of more than 2300 million tonnes of CO, annually (8%
of global CO; emissions). CO, emissions per kWh produced by the full fuel chain of coal
power technology is about 1300 g/lkWh. By comparison, nuclear power fuel chain emissions
are only 30 g/kWh (JAEA estimate). Burning natural gas produces less CO, than burning coal
or oil. But leakages during extraction and pipeline transport, which are more than 5% in some
areas, can offset much of this advantage since leaked methane is a more damaging GHG. Some
natural gas chains, therefore, could have emissions similar to the coal energy chain. In Japan
about 60% of electricity is generated by fossil fuel. In 1995, CO, emissions per kWh were 348
g/kWh. In France, more than 75% of electricity was generated by nuclear power and the

emissions of CO; were 62 g/kWh in the same year (OECD).

A 1000 MWe coal power plant on average produces annually 6,000,000 tonnes of CO,,

44,000 tonnes of sulphur dioxide, 22,000 tonnes of nitrogen oxides (noxious gases) and
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320,000 tonnes of ash containing 400 tonnes of heavy metals. By comparison, a 1000 MWe
nuclear power plant (NPP) in normal operation does not release noxious gases or other
pollutants and produces annually only some 30 tonnes of high level radioactive spent fuel and

800 tonnes of low and medium level wastes.

These relatively small quantities and volumes permit an effective confinement strategy
in which radioactive material and wastes are isolated from the environment. By contrast, the
dispersion strategies for the disposal of large quantities of fossil fuel waste involve the
environmental release of waste products and the shallow ground burial of solid waste

containing toxic substances.

7. Economic competitiveness and energy security

The economic competitiveness of nuclear power is at present roughly on par with coal,
and in some cases gas and oil, depending on fossil fuel prices in individual countries. Nuclear
power has lost competitiveness with gas when used in a combined cycle in some countries.
This competitiveness should be restored by better management, economy, engineering and

operation in the whole nuclear fuel cycle.

However, the larger initial investments required for nuclear power plants are a drawback
in capital-starved developing countries. But nuclear technology is relatively young and there is
scope for rationalisation, standardization, modular construction, simplification and better fuel

utilization which will bring higher efficiency and lower costs.
An important positive feature of nuclear power is the stability of supply of uranium fuel.
Nuclear fuel can also be easily stored which offers a measure of energy independence to

countries that do not have an abundance of energy resources, such as France, Japan, the

Republic of Korea and others.

8. Future nuclear power strategies for better sustainability
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The real limit to the operational life-span of a nuclear power plant is not technical by
economic, since any component can be replaced. For newer reactors which became operationy|
in the 1980s and later, economic operation for an average of 50 years is expected. Most plangg
now being ordered include an owner-specified operational time requirement of between 40 to
60 years. To meet the growing demand for electricity, advanced reactors will be introduced to

replace retiring reactors and will probably dominate the market between 2015 and 2050.

The IAEA’s International Symposium on “Nuclear Fuel Cycle and Reactor Strategies”
(1997) projects that current known uranium resources are sufficient to cover nuclear power
requirements for the medium economic growth variants up to the year 2050. However, these
resources may not be sufficient to cover the years after 2050 for reactors existing in 2050. In

this respect, recycling Pu in LWRs is a logical and prudent policy option.

In 1997, out of some 10,500 tons of spent fuel discharged from power reactors world-
wide, 3,040 tons were reprocessed separating 23 tons of Pu, of which 9 tons were used for MOX
fuel fabrication. The total civil-separated Pu inventory as of December 1997 is estimated to be
170 tons. In order to utilize this, Pu-thermal technology (Pu use as MOX fuel in thermal
reactors) has become well-established and has been commercially used in Europe since the
1960s. There are 20 NPPs using MOX fuel mostly in Europe (Belgium, France, Germany and
Switzerland). The total global number will increase to around 40 by the year 2000. The cost of
electricity produced using MOX fuel is sufficiently competitive with that using uranium fuel. It
is rational also for Japan to use Pu as MOX fuel as an interim measure to bring the recovery and
recycling of Pu into better balance The use of Pu to reduce inventories is also desirable with

respect to the non-proliferation of nuclear materials.

The development of fast reactor technology is expected to be continued for long-term
energy security and global sustainable development by using Pu, particularly in countries where
energy resources are limited such as Japan and France. Some important tasks for fast reactor
development for commercial applications include the improvement of economic
competitiveness and safety. The International Symposium on “Nuclear Fuel Cycle and Reactor
Strategies” projected that the next 50 years will be dominated by thermal nuclear reactors
(PWR, BWR and PHWR) and that these reactors will continue to play a significant role beyond
the year 2050. Fast reactors are expected to be introduced gradually between 2030-2050. By
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2050, it is likely that there will be a mixture comprising a large population of advanced thermal

reactors with a small population of fast reactors which may grow steadily after 2050.

9. Non-electricity applications of nuclear energy

The utilization of nuclear energy for non-electrical purposes is an important part of a
long-term energy strategy. The IAEA has been implementing a project on assessment of
desalination of sea water by nuclear heat for Member States in arid and semi-arid regions. In
Kazhakstan, a fast reactor plant has been safely used for desalination of sea water for quite a
long time. Recent achievements of continuous hydrogen production by splitting at high
temperatures (900°C) water at the laboratory scale in JAERI (Japan Atomic Energy Research
Institute) may provide the technology for future economical production of H, by HTGR (high
temperature gas cooled reactor). Hydrogen can be used for transportation such as hydrogen-
fuelled automobiles and fuel cells. A high temperature test reactor of 30 MWt will be in
operation this year at JAERI to make important milestones in the development of utilization of

nuclear energy for non-electrical purposes.

10. Nuclear safety and enhancement of public acceptance

The nuclear power system - a mature and comparatively safe technology with an
important contribution towards producing sustainable energy - is facing the risk of being
undervalued or ignored. The future role of nuclear energy depends critically on improved
public acceptance which requires, inter alia, a consistent, demonstrated record of safety in all

nuclear applications and in the safe management of radioactive waste.

Safety is the responsibility of nuclear operators as regulated by national governments.
The IAEA plays a fundamental role, but except in relation to our own Agency operations, we
have no power to enforce - only to recommend, advise and assist. Our approach has been to
seek to establish a global nuclear safety culture comprising: legally binding international

agreements, non-binding safety standards and the provision of safety services.

In 1996 Member States adopted the Convention on Nuclear Safety which commits them

to achieve and maintain high safety levels. They are obligated to meet international benchmarks
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in major areas of regulation, management and operation of nuclear power plants. An importap
feature is a peer review of national reports on steps which States have taken to fulfil their
obligations. The final review meeting will be held in April 1999. As of the end of 1997, 41
countries are party to the Convention including nearly all States having nuclear power
programmes. The IAEA also provides Member States extensive services for the application of
safety standards through the Operational Safety Review Teams (OSARTS), the Assessment of
Safety Significant Events Teams (ASSETs) and the Assessment of Safety Culture in
Organizations Teams (ASCOTSs). They are the best practical way for safety culture to penetrate

borders.

The Joint Conventions on Safety of Spent Fuel Management and on Safety of
Radioactive Waste Management was adopted in September 1997. This covers applications in
the civilian sector and obliges parties to take appropriate steps for ensuring the safe and
environmentally sound management of radioactive waste and spent fuel, and for preventing

accidents. In 1997 26 States signed the Joint Convention. One State (Norway) ratified it.

The TAEA will strengthen nuclear safety assurance in Member States through: (1) the
development of national safety profiles covering radiation protection, waste safety and safety of
nuclear installations; (2) raising safety problems with relevant Member States for them to
remedy shortcomings with possible agency assistance; (3) more actively promoting our safety
services; (4) more effective use of the Annual Nuclear Safety Review; (5) strengthening of the

interaction with the nuclear safety community.

In addition, it should be recognized that a quantum improvement in safety can be
achieved through the upgrading of safety features of nuclear reactor and fuel cycle installations
by improving technology and engineering within the framework of improved safety culture in

Member States.
11.  Waste disposal management
To date no long-term disposal site has been licensed in any country. Deep underground

geological formations which have not been disturbed for many millions of years are being

considered. Solid domes or graphite tunnels several hundred metres below the surface are
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impervious to water ingress, which is the potential mechanism for material transport to the
surface environment. Several barriers prevent the release of radioactive disposal material: the
canisters containing the vitrified waste; surrounding clay backfill, and; the solid host material.
Even if radioactive material were to escape from man-made barriers, the long path through the
host rock to the surface would most probably ensure sufficient dilution so as to pose little risk to
human health. However, these disposal techniques are blocked not by technical, but by political

obstacles.

12.  Non-proliferation

It is of public concern that the wider use of nuclear power might increase the risk of the
further spread of nuclear weapons. However, it should be recalled that nuclear weapons
development consistently preceded - and did not follow from - the introduction of nuclear
power reactors. The risk of further States acquiring nuclear weapons exists, but it is only
marginally affected by an expanded use of nuclear power. Furthermore, the IAEA safeguards
system has been strengthened to cover both declared and undeclared activities through

Protocols Additional to Safeguards Agreements.

The priority now is to sustain and build on the present momentum towards the
conclusion of Additional Protocols. Eight States have now signed, and there has been
encouraging progress in recent consultations with key countries, including members of the
European Union, Japan, Canada, as well as the United States. Agreement has been reached on
the new Protocols with members of the European Union, Euratom and the IAEA which will be
submitted to the IAEA Board of Governors for approval in June. The conclusion of all

Additional Protocols by the end of the year 2000 is not an unrealistic goal.

13. Nuclear techniques for a better life and sustainable development

Application of isotopes and radiation technology has proven to have a large potential to
contribute to sustainable development and basic human needs including, inter alia, food
security, agriculture, water resources management, human health, environmental protection,
and industry. One of the most important roles of the IAEA is to promote these applications and

to transfer them to developing countries.
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Recognizing that 850 million people suffer from chronic malnutrition, the IAEA’s fooq
and agriculture programmes, operated jointly with FAO are contributing to increasing food |
production in a sustainable way. The programmes encompass mutation breeding, soil fertility’
and crop production, animal production, food irradiation and insect pest control using nuclearé
technology. One example of the many success stories is the eradication of the tsetse fly in
Zanzibar Island (Tanzania) in 1997 using the Sterile Insect Technique with radiation. The

success of this programme will greatly improve livestock production.

Nuclear technologies are making considerable contributions in the field of human
health. The IAEA’s programmes cover radiotherapy of cancer, nuclear medicine for early
diagnosis and monitoring nutritional status in developing countries. One recent successful
example in Tunisia is early screening of neonatal hypothyroidism (thyroid disorder of new bom

babies) using radioimmunoassay to avoid cases of serious mental retardation.

Deterioration of the environment is a serious global concern. Nuclear based analytical
techniques are used to monitor concentration and behaviour of pollutants. The IAEA Marine
Environmental Laboratory is monitoring radioactivity and non-radioactive pollutants in the
marine environment. Radiation technology can clean gaseous and liquid wastes. In Poland, for
example, the IAEA has a large ongoing Model Project to clean flue gases from power stations

burning coal which is the only major energy resource.
14.  Transfer of beneficial nuclear techniques for development

A number of developing countries, currently 95, have benefited from IAEA technical
support programmes amounting to some US$ 800 million over the past 40 years. These
technical co-operation activities are now aimed at producing greater social and economic
benefits in agriculture, human health, environmental protection and industry. Additional
important support is to assist developing countries to build their research capacity through the

IAEA’s research contract programme.

The thrust of the IAEA technical co-operation programme is to becoming a partner in

national development for connecting technology to end users. The IAEA is not a
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«development” organization, and it has no large pool of funds. Technical cooperation projects
must meet certain criteria: they must respond to priority national and regional needs; produce
sizeable economic and social impacts; employ nuclear technologies only where they have

distinct advantages, and; attract strong government commitment.

Priority fields for the TC programme are applications in agriculture and food, health,
water resource management and industrial development, and strengthening radiation protection
and waste management infrastructure. Nuclear power application is not yet a high priority
programme in the majority of developing countries. Only 19 countries out of 95 have NPPs in

operation or under construction.

Conclusion

It should be recognized that the current and future use of nuclear power can make a
major contribution to the reduction of greenhouse gases and that nuclear power is cost-
competitive with fossil fuels, in particular coal. In addition, as a cost-free by-product, nuclear
power curtails deterioration of local air quality and regional acidification problems due to
sulphur dioxide and nitrogen oxides. Public concerns about nuclear safety, waste disposal and
the risk of proliferation of nuclear weapons are important factors in the future of nuclear energy.
They need to be fully addressed by the nuclear community and particular should be given to
objectively informing the public of the realities of nuclear power- risks and results - compared
to other energy options. Perhaps public opinion will eventually understand that the options are

limited and the nuclear option is effective and feasible for sustainable development.
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GLOBALWARMING AND GLOBAL ENERGY AFTER KYOTO

A Keynote Address to the 31* Conference
of the Japan Atomic Industrial Forum, Inc.
Tokyo, Japan - 20 April, 1998

by

Michael Jefferson
Deputy Secretary General
World Energy Council

Introduction

The timing of this talk could have been better. Twelve years on from Chernobyl, Japan’s
nuclear industry has had a troublesome couple of years. We are four months on from the
Kyoto Conference, where the intellectual level of debate was heightened by demonstrators
with placards declaiming “No Fossil Fuels; No Nuke”. I am still not sure whether that
message was aimed at the 34% of us in the world’s population that have no commercial

energy services, or the 6% of electricity derived from hydropower and new renewable sources.

Meanwhile, last month saw oil prices fall to their lowest level for 25 years. This is not the
most propitious moment for the promotion of alternative fuels and measures to mitigate

climate change - assuming that human activities are changing global climate.

According to the IPCC’s Second Assessment Report, published in 1996, the balance of
statistical evidence now points towards a discernible human influence on global climate. The
UN Climate Convention of 1992 states, in Article 3 (Principles), that cost-effective
precautionary measures should be taken, regardless of lack of full scientific certainty about the
attribution of global climate change to human activities, so as to ensure global benefits at the

lowest possible cost.

The Climate Convention also states that the developed country Parties to the Convention
should take the lead in combating climate change and the adverse effects thereof. These
Parties, the so-called Annex I Parties, committed themselves to the aim of returning their
anthropogenic emissions of carbon dioxide and other greenhouse gases to their 1990 levels by

the year 2000.
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By the time of the Kyoto conference in December, 1997 the industrialised countries had done
little to meet these commitments (charts 1 and 2). Indeed, on their current trajectory ney
even the EU-15 Member Countries will achieve that aim in aggregate, so far as CO, emissiong
are concerned, by the year 2000 (chart 3). Yet the EU-15 seem relatively better placed thap
the USA, Japan or the OECD as a whole in terms of anthropogenic CO, emissions out tq
2000 and 2010 under recent trajectories (chart 4).

At the Third Conference of the Parties to the UN Climate Convention most Annex I (or
should we now call them Annex B?) Parties agreed to cuts (or claimed limitations) in their
emissions out to 2008/2012 for six gases (chart S). Various provisions were also made for
net changes in emissions due to land-use and forestry changes, which can make a huge
difference to the position for some countries - such as Australia, New Zealand and Finland.
Thus Kyoto complicated matters by introducing allowances for absorption of CO, by reversal
of forest clearance and agricultural soil changes; and by the inclusion of methane, nitrous
oxide, HFCs, PFCs, and SFs. A wide range of activities outside the energy sector come into
play - agricultural, industrial, waste handling and disposal, and the use of solvents and certain
other products. The particular contribution that the energy sector will be expected to make
towards reducing overall anthropogenic greenhouse gas emissions has become more difficult
to discern. What the Kyoto protocol is clear about is that the countries forming its Annex B
list are expected to reduce their emissions between 1990 and 2008/2012 by the carbon dioxide
equivalent of 5.2% in aggregate. Variations within that aggregate range from +10% to -8%,
although in fact the leeway granted to Australia is much greater than +8%.  For the
economies in transition, their commitments of 0 to -8% need to take account of reductions in
CO, emissions amounting to over 30% between 1990 and 1996 - for reasons having nothing

to do with seeking to mitigate climate change.

The Results of Kvoto

The Kyoto protocol is intended to place legally binding commitments on the Parties to it. No
government delegation in Kyoto on 11 December, 1997 opposed the final passage of the
protocol in the Committee of the Whole or in the Plenary Session. The protocol is open for
signature from 16 March, 1998 until 15 March, 1999; and becomes open for accession the

following day. The protocol will only enter into force 90 days afier not less than 55
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Convention Parties, incorporating Annex I Parties which accounted for at least 55% of total

Annex I CO, emissions in 1990, have ratified.

probably the biggest single question is: will the USA ratify? The USA contributes some 25%
of the world’s anthropogenic CO, and total greenhouse gas emissions; and, depending upon
the basis of the calculation, around 38% - 42% of Annex I CO; emissions in 1990. The US
Senate in June, 1997 submitted a Resolution stating that the USA should not be a signatory to
any protocol which mandated new commitments for Annex I Parties without new, specific
scheduled commitments to limit or reduce greenhouse gas emissions to developing country
Parties within the same time - period, or which would result in serious harm to the US
economy. That Resolution was passed 95 votes to 0 the following month. In Kyoto, the only
Article which provided for non-Annex I Parties to take on additional emissions limitation
undertakings was gavelled out. Thus the first ground of US Senatorial concern was rejected
at Kyoto (arguably in compliance with the Berlin Mandate governing the Kyoto proceedings).
The second grouﬁd was not addressed by governments in Kyoto, although it was a central

focus for some US industry and trades union lobbyists.

The more innovative elements of the Kyoto protocol are:

< some rather general references to enhancing energy efficiency, promoting new and
renewable forms of energy, phasing out fossil fuel subsidies, limiting aviation and marine
transport emissions, etc. under Article 2. There is no reference to specific policies and
measures, nor to nuclear power, in this Article;

<% establishment in principle of Joint Implementation with credits between Annex I Parties
under Article 6;

% establishment of “a clean development mechanism” through which projects between Annex
I and non-Annex I Parties resulting in certified emissions limitations will hopefully occur,
under Article 12; and

% provision for emissions trading between Annex B Parties under Article 17.

The widespread indifference of energy consumers towards global climate change, means it is
difficult to introduce effective policy measures. This makes it extremely doubtful whether the
generalities of Article 2 will be readily translated into action. Energy consumers are the
customers of businesses, which in turn means that the ability of businesses to innovate in order

to mitigate climate change is severely constrained. Furthermore, although Articles 6, 12 and
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17 are potentially interesting and offer opportunities for business initiatives, they are ang
should remain subordinate to domestic actions. JI projects and trading should also be

specifically linked to, and result in, emissions reductions.

There is concern that trading in “hot air” resulting from past emissions reductions - unrelateq
to climate change mitigation measures - would do little to reduce global emissions. Overal,
there is concern that the Kyoto protocol does nothing directly to enable immediate mitigatory
policies and measures to get under way, and yet it expects demonstrable progress to have been

made by 2005.

The Kyoto protocol is also defective insofar as it prolongs an earlier failure of climate change
negotiations, the short-term focus on targets and timetables, and both postpones important
questions for later resolution and opens up potential loopholes. The WEC’s Statement to the
Kyoto Conference expressed once again our belief that: “The longer action is delayed the

higher is likely to become the cost of abatement and adaptation”.

A Modest Step Forward, Mavbe

In terms of annual CO, equivalent emissions, atmospheric CO, concentration and implications
for global mean surface temperature the outcome of Kyoto in itself is neither here nor there by
2100 (charts 6-8). Even if Annex I Parties were to reduce their emissions 1% per annum
between 2010 and 2100 the impact is modest. The Kyoto protocol is therefore, assuming it is

ratified and successfully implemented, only a small first step.

If we compare the WEC/IIASA scenarios', noting that Annex I countries remain far adrift
from the emissions trajectories of the Ecologically Driven Scenarios (C; and C,), it will be
seen that the Kyoto outcome is well below the current emissions trajectories of Annex I
Parties (which have broadly followed the High Growth A Scenarios since 1990 - excepting the
transitional economies and two or three EU-15 countries). Moreover, non-Annex I Parties’
emissions are rising so rapidly as to make Kyoto scarcely relevant on the future global

emissions scale (chart 9).

' World Energy Council/International Institute for Applied Systems Analysis: “Global Energy Perspectives to
2050 and beyond”, 1995 and updates. A future report, published by Cambridge University Press, will be issued
to coincide with the 17th WEC Congress in Houston, Texas, in September, 1998.
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Even taking account of the scope for carbon offsets permitted under the Kyoto protocol, the

net outcome has only modest impact by 2010 (chart 10).

WEC/HASA scenarios indicate that only the two Ecologically Driven scenarios and a High
Growth “bio-nuc” scenario (A;) produce relatively low annual CO, emissions out to 2100
(chart 11). These are also the only scenarios which result in atmospheric CO concentrations

by 2100 less than double pre-industrial levels (chart 12).

More Robust Routes Forward

Past analyses by WEC have pointed to:

% a continuing reliance on fossil fuels for many decades to come, with the current world’s
76% reliance on the fossil fuels only gradually declining;

+% the plentiful geological resources of fossil fuels, although in practice supply disruptions
could occur - especially if vulnerabilities increase due to higher import dependency and
lengthening supply lines;

*» potential technology, financial and environmental constraints on the fossil fuels;

< price uncertainties;

¢ a clear need to expand non-fossil fuel supplies; and,

¢ the huge scope for raising the efficiency of supplying and using energy services.

What reliance the world will place upon individual fuel sources in future is clearly uncertain
and, in our view, most usefully considered by developing internally consistent alternative
scenarios. The lower the level of global energy consumption over the next century, perhaps
largely due to successful efforts to raise efficiency and encourage conservation, the less the
need to develop and use alternatives to the fossil fuels. In such an evolution it will also be
easier for new renewable energy resources to contribute a large share of the primary energy

supplies required.

If human-induced climate change is taken seriously, and it is believed that large volumes of
carbon potentially emitted cannot satisfactorily be stored at acceptable cost (down depleted oil
and natural gas wells, for instance), then only three of the WEC/ITASA scenarios meet the

criteria required: As, C;, and C, Two of these scenarios indicate that nuclear has an
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expanding future. Tables 1 and 2 indicate the role nuciear power is assumed to play in the sjy

WEC/ITASA scenarios.

However, there will be numerous challenges and hard choices ahead. It is not clear how ang
by which technologies the current problems facing nuclear energy may be resolved, and oyr

scenarios reflect the wide span of possibilities.

Conclusions

Perhaps one of the greatest challenges over the next two or three decades is to avoid closing
options and to open up new ones for achieving sustainable development. The danger is that
because of public concerns about nuclear power’s operational safety, waste disposal and

proliferation, the nuclear option may get blocked off or wither on the vine.

The WEC’s 16th Congress in Tokyo in 1995 concluded, so far as nuclear was concerned:

Further development of nuclear technology for the full energy cycle appears to
be needed if nuclear power is to make a major contribution to longer-term
energy needs. Without public confidence in this technology there must be

doubts as to the role nuclear energy can play.

Over the next 30 years a much wider range of energy forms will be required to
satisfy the world’s increasing global demand. In addition to fossil fuels, these
will include publicly acceptable nuclear development and those forms of new

renewable energy which can be made viable.

But if nuclear is to play its full role then more than changes in technology will be required.
The WEC’s Message for 1997 referred to the need not only to secure high safety performance,
good operating practices and the safe management of nuclear waste, but also the need to
ensure that facts are communicated successfully and are comprehended by the general public.
This in turn will require a transparency, and a readiness to admit past failures (and present
ones whenever they arise), which sometimes seems alien to an industry born out of a military
defence psychology where secrecy was a requirement. Each time news is released of past

problems or present failures, the prospects for nuclear power suffer some setback. The
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greater the success in keeping such past events secret, the greater the damage done to
nuclear’s future credibility when such secrets are eventually revealed. The more often there is
evidence that the industry, or its operators, remain less than open when mistakes or accidents

occur the greater the public concern aroused.

Thus the desirability of keeping the nuclear option open needs to be set within a framework of
transparency and the broadest perspective of requirements for sustainable development. The

WEC’s 1995 Congress recommended that:

governments, business decision makers and energy consumers be urged to start
taking action now to adapt to the needs of our longer term future. It is not just
in response to the risk of climate change that ‘minimum regret’ measures based

on the precautionary principle are required.

This is not the point in human history when nuclear power should be consigned to the white
elephant’s graveyard. There are many hard choices lying ahead, and premature closure of the

nuclear option is liable to make them much harder still.

Changing global climate may prove to be the single biggest reason for facing up to the future
and the decisions which need to be made. But in itself the Kyoto conference did not advance

the world much along the path of decision-making.

We are now six years on from the adoption of the UN Climate Convention. Six years have
almost passed since the Rio Earth Summit, where 154 country governments and the European
Community signed up to the Convention.  The lack of real progress since then in curbing
anthropogenic greenhouse gas emissions must be deeply disturbing to anyone genuinely

concerned that human-induced global climate change may be occurring.
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CO; EMISSIONS FROM FOSSIL FUEL COMBUSTION
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Austria + 6
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France 4 5
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Greece + 24
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Portugal + 50
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Sweden + 15
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Total + 7
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CHART 4

ANNEX 1 CO, EMISSIONS CHANGES REQUIRED TO RETURN
TO 1990 ON RECENT TRAJECTORIES OF FOSSIL FUEL USE
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CHART 8

GLOBAL MEAN TEMPERATURE: EFFECT OF PROTOCOL
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NUCLEAR POWER AND GLOBAL WARMING
by

Luis Echavarri, Director-General, OECD Nuclear Energy Agency

Introduction

Environmental issues, and in particular global warming, are becoming more and more
important factors in policy-making for the power sector. At the third meeting of the
Conference of the Parties (COP-3) to the United Nations Framework Convention on Climate
Change (UNFCCC), that was held in December 1997 in Kyoto, decision-makers agreed on
provisions for reducing GHG emissions. A key provision of the Kyoto Protacol [1] is that
Annex I countries (i.e., essentially OECD countries) shall, individually or jointly, reduce
their emissions according to country-by-country targets with a view to reducing their overall
emissions by 5.2 per cent below 1990 levels in the commitment period 2008 to 2012.

The energy sector, from primary energy extraction to end-use, is one of the main sources of
greenhouse gas (GHG) emissions, in particular carbon dioxide (CO,), that raise concerns
because of the potential risk of their inducing global warming and climate change. The
carbon dioxide emissions related 1o energy use are estimated to represent some 75 10 90 per
cent of the anthropogenic CO, emissions. Therefore, another provision of the Kyoto Protocol
i that Annex I countries shall undertake promotion, research, development and increased use
of new and renewable forms of energy, of carbon dioxide sequestration technologies and of
advanced and innovative environmentally sound technologies.

Nuclear energy, which is essentially carbon-free, is one of the “advanced and innovative
environmentally sound technologies” that can contribute to alleviatng the risk of global
climate change, However, at present, nuclear power is facing problems related to maintaining
economic competitiveness in a deregulated market and enhancing public acceptance. In this
context, the challenge for governments and nuclear industries is 1o keep the nuclear option
open in the long term in spite of the likely short-term stagnaton of nuclear power
programmes in most countries,

This implies preservation of infrashuctures, including research and development programmes
and facilities that could support the development of new reactors and fuel cycle technologies
adapted to future markets and meeting sustainability requirements, Intergovernmental
organisations such as the Nuclear Energy Agency (NEA) can help in this process by
providing cost-effective ways and means, through sharing information and experience, of
keeping the nuclear option open for future generations.
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Greenhouse gas emissions and noclear power

The analysis of past experience illusirates the role of nuclear power in reducing carbon
dioxide and other atmospheric emissions. A compacison of time series of electricity
generation by source and atmospheric emissions in different countries shows a strong
correlation between nuclear epergy’s share in electricity peneration and the decrsase of
emissions [2], Countries that have implemented large nuclear programmes have achieved
simultaneously significant reductions of carbon dioxide and other atmospheric emissions,
while countries which have little or no nuclear power in their energy mixes for electricity
generation have experienced stable or increasing atmospheric emissions from the power
sector,

In France, carbon dioxide, sulphur dioxide and particulate emissions from the power sector
were reduced by factors of four, nine and ten, respectively, between 1980 and the mid-1990s,
while electricity generation roughly doubled during the same period, This reduction resulted
essentially from an increase in the nuclear share of total electricity generation from less than
25 per cent in 1980 to more than 75 per cent in 1995, In Sweden, energyrelated carbon
dioxide emissions were reduced by miore than 40 per cent between the early 1970s and the
early 1990s, owing essentially to switching from oil to nuclear and hydro power for
electricity generation, Sweden also reduced its domestic sulphur dioxide and nitrogen
emissions significantly during the same period.

World-wide, as greenhouse gas emissions from the nuclear fuel cycle are of the order of
25 g/kWh compared with some 450 to 1250 g/kWh when using fossil fuel, replacing the
whole of the nuclear generation capacity by a mix close to that of the current non-puclear
power capacity would entail increasing the world's energy sector’s carbon dioxide emissions
by some 8 per cent.

Future energy and electricity demand

Population growth is a driving factor in energy and electricity demand. By the middle of the
twenty first century, the world population will roughly double, reaching some 10 billion
inhabitants by 2050 [3]. Population growth will be concentrated in developing countries
which will represent nearly 85 per cent of the world population by 2050. Historical trends
towards urbanisation are expected to continue; by 2050 more than three quarters of the world
population will live in urban areas and an increasing number of people will live in
mepa-cities exceeding 10 million inhabitants.

Technological progress, changes in life styles and a better recognition of the value of our
natural environment will likely reduce the energy intensity of future development patterns.
However, historical and recent frends in energy and electricity demand growth demonstrate
the limits 10 conservation and savings. Consequently, there is little doubt that energy demand
will continue to grow. Since electricity is a very versatile emergy form which provides
non-substitutable services, such as lighting, and is well adapted to the requirements of
densely populated areas such as large cities, electricity demand is likely to grow faster than
total primary energy demand,

During the last fifteen years, electricity consumption has grown at a steady pace of some
4 per cent per year world-wide. All the projections and scenarios developed by authoritative
organisations indicate a continuing growth of electricity demand in the short, medium and
long term, For example, the OECD International Energy Agency is projecting, up to 2010,
electricity demand growth rates of some 3 per cent per year in the world and around 2 per
cent per year in OECD countries [4]. In the longer term, the energy perspectives of the World
Energy Council (WEC) indicate at least - in the “ecology driven case” - a doubling of
electricity demand world-wide by 2050 [5]; other WEC scenarios lead t0 a nearly four-fold
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increase of electricity demand between 1990 and 2050. The “Low CO,-Emitting Energy
Supply System” scenario (ILESS) of the Intergovernmental Panel on Climate Change (IPCC),
which assumes drastic improvements in energy efficiency and dramatic technological
progress, projects a nearly three-fold increase of electricity demand in the world by 2050 [6].

Potential nuclear power development

Nuclear power is, today, a commercially available source of electricity that contributes
already to reducing anthropogenic greenhouse gas emissions, Some 17 per cent of the
electricity comsumed world-wide is generated by nuclear power planis and in OECD
countries, nuclear power supplies 25 per cent of electricity consumption,

In order to meet increasing electricity demand, additional generating capacity will need to be
built. Once social, economic and technical constraints have been taken into account, the
number of realistic large-scale electricity supply options is fairly limited and nuclear power is
undoubtedly one of them. During the next decades, the main alternatives for electricity
generation is likely to continue to be coal-fired, gas-fired and nuclear power plants. Hydro
power is not likely to expand in OECD countries and world-wide its contribution 1s unlikely
to increase significantly. Other renewable sources, although they are expected to be
developed steadily, will remain marginal contributors to total world energy supply.

In this context, nuclear power, while expected to be stagnant in the short term except in a few
countries, is likely to be developed continuously in the long term, especially because it is one
of the sustainable options commercially available. Recent studies on long-term nuclear power
development provide a range of scenarios for possible nuclear capacity evolution in the world
to 2050 and beyond. Most of them project that nuclear capacity will increase rather stowly to
2015 and, in ecologically driven scenarios, grow more steadily to 2050. For example, one of
the Key Issue Papers produced for the International Symposium on Reactor and Fuel Cycle
Strategles: Adjusting to New Realities [7], sponsored last year by the JAEA and the NEA,
presents medinm and high scenaros for nuclear power with world nuclear capacity in the
year 2050 reaching around 1100 and 1800 GWe, respectively, as compared with some
350 GWe today. Other studies, such as the Global Nuclear Vision Project being carried out
by the Los Alamos National Laboratory in the United States, project similar ranges of nuclear
power capacity by 2050. The NEA is carrying out studies along the same lines. In a reference
scenario developed by the Agency within its programme of work on nuclear power and
sustainable development, it iS projected that world nuclear capacity could be around
1100 GWe [8] by 2050, Those studies show that the scenarios in which the share of nuclear
power in energy supply increases substantially achieve low carbon dioxide emissions.

Necessary conditions for the sustainability of nuclear energy

While there is no doubt that muclear power development would reduce GHG emissions from
the energy sector, the challenge is to demonstrate that nuclear power is a sustainable option,
Le., 10 engure that the outcome is not worse when using nuclear energy than when using other
energy sources, Much of the NEA work supports the position that we can use nuclear energy
safely and without environmental damage.

The key factors for ensuring that nuclear energy is sustainable are; adequate management of
natural resources; control of radioactive emissions; safe operation of nuclear facilities; safe
management and disposal of radioactive waste; economic competitiveness; and avoidance of
the spread of nuclear weapons. The last point is not within the mandate of NEA and will not
be dealt with in this paper, It is fair to stress, however, that the fears expressed in the 1960s
that the number of mclear weapon states would increase substantially with the development
of nuclear power did not materialise, The nuclear non-proliferation and safeguards regime
developed around the NPT, supplemented by regional nuclear-weapon-free zone agregments
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and complemented by the International Atomic Energy Agency (IAEA) inspection system,
has gained the adherence of most of the world. This regime, which has gained in strength in
recent years as a result, for example, of improved safeguards measures, has proved to be
effective in providing the needed assurance that proliferation remains in check.

Natural resources

Namural resources and technologies existing or under development could support broad
nuclear development in the 21st cenfury, With current technologies, known uranium
resources would not be sufficient to support significant development of nuclear power beyond
the first half of the next century. However, additional uraniuvm resources could he discovered
and economically exploited in the long term. Furthermore, improved fuel design and
management, and advanced reactors, offer ways to reduce significantly the amount of natural
uranium required per unit of electricity generated, In the long term, thorium fuelled reactors
and fusion could enlarge even further the nuclear resource base.

Safety

A general perception that there is a high level of safety in existing plants is vital to
maintaining the sustainability of the nuclear power option. The safety record of nuclear
power, particularly in the QED area, has generally been very satisfactory. In fact, an NEA
collective opinion published two years ago reached just such a conclusion with respect to
OECD facilities [9]. This high level of safety can be maintained in the longer term provided
that the OECD Member countries are able to deal with emerging challenges, including:
technical issues, such as ageing of existing plants and even more Stringent safety
requirements for new plants; socio-economic issues, such as derggulation and privatisation;
and organigational issues, such as preserving and enhancing safety culture, and maintaining
an adequate level of competence and capability. Safety standards in non-OECD countries
have not always measured up to standards in OECD countries, However, international co-
operation and assistance programmes put into place since the Chernobyl accident, the broad
adoption of safety culture world-wide, and the entry into force and implementation of the
Nuclear Safety Convention have improved the situation considerably.

Radigtion protection

The small quantities of radioactive materials released by nuclear reactors and fuel cycle
facilities in routine operation are monitored and limited to levels believed to cause
insignificant environmental and health damage on the basis of the recommendations from the
International Commission on Radiological Protection as interpreted by national regulations,
The population doses resulting from nuclear industry emissions of radioactivity are
monitored and assessed by the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), In its 1994 report [10], the UNSCEAR assessment showed that the
collective effective dose committed to the world population by a 50-year period of operation
of existing nuclear power facilities, i.e., power plants, yranium mining and other fuel cycle
faciliies, is 2 million man-Sieverts (man-Sv) as compared with 650 million man-Sv
committed by natural background radiation., That is, the dose commmitment from natural
background radiation is 325 times higher than that from the world’s entire nuclear power
industry. Therefore, even if it is assumed that there would be no reduction in the nuclear
industry’s radioactive emissions per kWh (even though at present there is a trend towards
decreasing emissions per K'Wh), nuclear electricity generation could reach 750 thousand TWh
per year as compared 10 less than 2,5 thousand TWh per year in the late 30s without leading
10 a population dose higher than that from the natural background.

Radioactive waste disposal

Perhaps the biggest challenge for the sustainability of nuclear power is to demonstrate that
radioactive waste can be disposed of in a way such that humans and the environment will not
be harmed in the distant future, Nuclear fission, being a high density energy source, generates
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less solid waste than most alternatives, One kilogram of uranium produces more than 10 000
times more electricity than one kilogram of fossil fuels or biomass. Therefore, solid waste
arising from the nuclear chain represents small volumes as compared with those produced by
most alternative generation sources. A 1 GWe coal fired power plant generates some 350 000
tonnes of solid waste per year, including chemicals that remain toxic indefinitely. A nuclear
power plant of the same capacity and its supporting fuel cycle facilities generate each year
some 500 tonnes of low-level waste, 200 tonnes of intermediate-level waste and 25 tonnes of
high-level waste when operated once through [11],

Owing to its small volume, nuclear waste can be isolated from the biosphere. Considerable
experience has been gained in the past few years in the handling, treatment, storage and
disposal of low- and intermediate-level waste, the conditioning of high-level waste, the
storage of high-level waste and spent fuel, and the minimisation of operational waste. A
collective opinion published by the NEA, the European Commission and the IAEA in
1991 [12] confirms that safety assessment methods are available to evaluate the potential
long-term impact of radioactive waste disposal systems on humans and the environment, and
that appropriate use of such safety assessment methods, coupled with sufficient information
about proposed disposal sites, can provide the technical basis to decide whether specific
systems offer a satisfactory level of safety for current and future generations. A second
collective opinion published by NEA in 1995 [13] addresses, specifically, the strategy for the
final disposal of long-lived wastes from both an environmental and ethical perspective,
including considerations of equity and fairness within and between generations. It concludes
that the geological disposal strategy can be implemented in a manner that {s sensitive to
fundamental ethical and environmental considerations, and that it is justified to continue
development of geological repositories for such wastes. The bottom line is that, although
experts agree that technical solutions exist for the safe handling and disposal of all types of
radioactive waste, the implementation of high-level waste repositories is a prerequisite to
demonstrating the sustainability of nuclear power.

Competitiveness

Economic factors will remain a touchstone for the deployment of alternative electricity
generation sources and technologies and, therefore, competitiveness is 4 prerequisite for the
commercial development of any energy supply option and, indeed, for sustainability, While
in the mid-1980s the competitive margin of nuclear generated electricity as compared to coal
was significant, and other generation sources were generally much more expensive [14],
today, if direct costs only are considered, a nuclear power plant is seldom the least cost
option for a new generation unit. In most countries, low coal, oil and gas prices prevailing on
International markets, coupled with enhanced efficiency of coal and gas plants, allow fossil
fuels to compete favourably with nuclear power for the plants to be built and connected to the
grid in the coming decades,

However, there are some indicarions that nuclear power may regain competitiveness, even if
only direct costs are to be considered, There is no reason to assume that nuclear technology,
which is relatively young, canuot achieve additional performance improvements leading to
further cost reduction. Cost reductions have occurred with regard to vranium and fuel cycle
services as well as operation and maintenance costs. A number of nuclear units currently in
operation have very low marginal electricity generation costs, and those costs tend to
decrease as a result of additional feed-back from experience and enhanced efficiency achieved
through operation. Another factor that could improve the competitiveness of existing nuclear
plants is extension of their lifetimes. The technical lifetime of most Operating reactors in
OECD countries was initially expected to be 40 years. Today, many operators consider that
these units will be operated for 50 years or mare, The experience acquired in operating plants
in France, Japan and the Republic of Korea shows that nuclear power plant investment costs,
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which represent the largest share of nuclear electricity generation costs, can be reduced by
standardisation and efficient management of programme implementation. Also, new reactor
designs are aimed at reducing plant capital costs.

The longer-term perspective for the competitiveness of nuclear power could also be improved
dramatically if and when external costs are factored into decisions about new generating
plants. As a matter of fact, there are no significant external costs associated with residual
emissions from nuclear power systeras, The garly recognition of potential harmful impacts of
muclear facilities led to stringent standards and regulations and, therefore, the residual health
and environmental costs are very small. In addition, back-end and decommissioning costs are
included in direct nuclear electricity generation costs.

One important external cost associated with sources of producing electricity relates 10
security of supply. The analyses of the International Energy Agency (IEA) conclude that, in
the absence of policy measures aiming specifically at alleviating dependence on OPEC oil,
the share of the world oil supply supplied by OPEC will grow from the current 40 per cent to
50 per cent or more by 2010 [4). Also, the sustainability of the “rush to gas” might be
challenged on the grounds that presently known reserves of gas represent some Sixty years of
supply based on the present yearly rates of consuraprion, There have been many examples of
policies aiming at reducing energy dependence which reinforced the competitiveness of
domestic sources. Nuclear power, which is essentially a domestic resource and does not raise
security of supply issues, would benefit from such policies,

Another significant external cost is the potential economic impact of greenhouse gases. There
are no firm data but many widely varying estimates available on the costs of global climate

~change, Government commitments, such as those agreed vpon in the context of the
UNFCCC, might result in policy measures aimed at incorporating the inipact of greenhouse
gas emissions in the costs borme by electricity producers and consumers. Clearly, any
measure that would lead to recognising the value of reducing GHG emissions would reinforce
the competitiveness of nuclear power versus coal or even gas,

Concluding remarks

Increasing substantially the share of nuclear power in electricity generation is feasible and
would contribute significantly to reducing GHG emissions from energy systems. Indeed, it is
not clear that governments and industry could rely on electricity sources other than nuclear
power to provide the desired range of economic, environmental and social benefits.
Therefore, efforts to alleviate the present barriers to the implementation of nuclear
programmes are worthwhile.

The challenge will be t0 maintain the nuclear option for the long term, which means keeping
alive nuclear infrastructure, and, in particular, the ability to develop new reactors and foel
cycle technologies in spite of the short-term stagnation of muclear power development
programmes in most countries. Already there are signs of weakening in some aspects of
infrastructure, Continuation of these trends, in particular in OECD countries, might well
jeopardise the ability to expand nuclear energy in a timely manner when that becomes
desirable, Strengthening research and development efforts aiming at the design and
implementation of a new generation of reactors will be a prerequisite for adapting the nuclear
indusiry to even more cormpetitive electricity markets, while increasingly stringent safety
standards are likely to be implemented. Continued education and training of highly qualified
manpower will also be required.

Intergovernmental organisations like the Nuclear Energy Agency can help in this process by
offering opportunities for exchanges of information and experience sharing. Some elements
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of infrastructure, notably research and facilities, may be preserved more cost-effectively by
international action of the kind which the NEA and other international organisations exist to
promote.
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For the 31st JAIF

Annual Confercnce
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April 19-22,1998, Tokyo

Energy Consumption and
Carbondioxide Emission in China
(outline)

Qu Shiyuan
Energy Research Institute
State Planning commission
Beijing, China

Content

1.Chian’s Economic Growth.
(1) The Present Situation.
(2) The Estimation of Economic Growth in Future.

2.China’s Energy Consumption and Demand.
(1) Energy Consumption in past years.

(2) China’s Energy-Economy during 1990-1995.
(3) China’s Energy Intensity.

(4) China’s Energy Demand in Future.

(5) China’s Eleetricity Consumption Mix.

(6) China’s Energy-Economy in Future,

3. Carbon dioxide emission stem from energy consumption.
(1)The emission of carbon dioxide.

(2) The percent of carbon dioxide emission from coal.

(3) The growth rate of The carbondioxide emissiomn.

4. The strategics of energy development and environment pro-
tection.

(1) To improve cnergy utilization efficiency--to save energy.
(2) To improve energy structure.

(3) To make proper cconomic policies.

(4) To make proper regulates and laws,
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1.Chian’s Economic Growth.
(1)The Present Situation(see Tablel-1).
The characteristics are as follows:

The average growth rate per ycar was 12.01% .

The primary industry rose by 4.15% each year, it’s
percent went down from 27.1% in 1990 to 18.8% in 1995.

The Industry rose by 17.68%,very fast. It’s percent went
up from 37% in 1990 to 47.33%.

The construction increased by 15.49%, also fast, It’s
percent rose from 4.6% in 1990 to 5.4% in 1995.

Transportation increased by 10.61%, commerce by 9.69%,
so the tertiary industry increased only by 9.88%. The percent
not rose, but decreased from 31.3% in 1990 to 28.47% in 1995.

The growth rate of population was 1.16% a year.

Tablel-1, The Economic growth during 1990 ~ 1995
Unit: 100 million Yuan; %

1990 1995
Amount % | Amount % Growth rate

GDP 18548 100 32704 100 12.01

Primary Ind. | 5017 27.1 6148 18.80 4.15 -
Secondary Ind. | 7717 41.6 17244 52,73 17.45
of which: Ind. | 6858 37.0 15479 4733 17.68
Cons.| 859 4.6 1765 5.40 15.49
Tertiary Ind. | 5814 31.3 9312 28.47 9.88
of which: Tran.[1148 6.2 1901 5.81 10.61
Commerce | 4666 25.1 7411 22.66 9.69
Population 11.43 12.11 1.16

Note: price in 1990 ( as The same below )
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(2) The Estimation of Economic Growth in Future(see

bl@l'z ® .
T Gl))P will increase by 9.0% each year during 1995-2000. by

2% during 2000-2010.

The primary industry will rise by 5.28% every year during
1995-2000, by 4.55% during 2000-2010. Jt’s percent will change
from 18.8% in 1995 to 5.28% in 2000 and 4.55% in 2010.

The industry will rise by 8.32% annually during 1995—2009,
by 6.35% during 2000-2010. It’s percent will decrease from 47.3% in
1995 to 46% in 2000 and 42.5% in 2010.

The construction will rise by 7.89% per year during 1995-
2000, by 3.44% during 2000-2010. It’s percent will change from
5.4% in 1995 to 5.0% in 2000 and 3.5% in 2010.

Because of quick growth of commercial sector, the tertiary
industry will increase fast, the growth rate will be 12.49% annually
during 1995-2000 and 67% during 2000-2010.

" The population will increase slowly further, But population in
city will increase quickly than in rural area.

Tablel-2 Economic Development in China
Unit: 100 million Yuan; %

1995 2000 2010
Am. % |Am. % G.Rate |Am. % G.rate
GDP 32704 160 {50319 100 9.00 100851 100 7.20

Prim. Ind.|6148 18.8 {7950 15.8 5.28 {12405 12.3 4.55
Second. Ind{17244 52.7 {25663 51.08.28 (46391 46.0 6.10
of which :
Ind. [1547947.3 23147 46.08.32 42862 425 6.35
Cons. [1765 5.4 {2516 5.0 7.89 {3530 3.5 344
Tertiary 9312 28.5 116706 33.212.40 142055 41.7 9.67
Ind.
of Which: {1901 5.8 |29019 5.8 8.96 {5850 5.8 7.20
Trans. {7411 22.7 {13832 27.413.29 {36205 35910.10
Commerce
Po.(100 M.)|12.11 100 |13.0 100 1.43 {14.0 100 0.74
of which:
City [3.52  29.1 4.16 32.03.40 |5.6 40.0 3.02
Rural (8.59 709884 68.0058 |84 60.0 -0.51
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2.China’s Energy Consumption and Demand.

(1) Energy Consumption in past years(see Table 2-1).

Coal was taken as major energy in primary energy
consumption, accounting for about 75%.

In the electricity consumption the coal-electricity accounted a
large percent, about 77%, and it was going up during 1990-1995.

The biological energy was playing important role in China.

The nuclear power was very smaller.

Table2-1 Energy Consumption During 1990 ~ 1995
unit: million Tee; %

1990 1995
. Amount %| Amount % Growth rate
Total 1250.03 100 1533.15 100 4,18

of which: conv.En.|987.03 78.96 1311.76 85.56 5.85

coal |752.11 76.2 978.57 74.6 5.41

oil {163.85 16.6 229.56  17.5 6.98

natural gas | 20.73 2.1 23.61 1.8 2.64

hydropower | 50.34 5.1 7622 58  8.65

nuclerpower 3.80 0.3

renewable energy| 263.00 21.04 22139 1444  -3.39

14

Total Elec.Cons. |62304  100] 100234 100  9.98
of which:coal ele.| 4706.4 75.54| 7798 77.80 10.63
hyd.pow. 1267 2034 1906 19.01  8.51

nuc.pow. 100 1.00
oil-gas pow. 250 4.01 211.4 211 330
other® 7 0.10 8 0.08 2.71

notes: (1) The calorific capacity is as follows: 1kgee is 7000 Keal., kg
coal

is 5000 Kcal., lkg oil is 10000 Kcal, 100 million M® natural
gas
is 93100 Kcal.
(2) Coal Consumption of 1kwh are as follows: 3.92 gee in 1990,

3.78gce in 1995,3.60gce in 200, 3.30gce in 2010.(as the same
below).

(3)% including new and biological energies(as the same below).
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(4)The percents of coal oil natural gas hydropower and nuclear power
are for conventional energy.

(2) China’s Encrgy-Economy During 1990-1995(see Table 2-2).

The growth rate of energy consumption was smaller than
economy. The clasticity of energy consumption was less than 0.5.

The energy intensity and electricity intensity were becoming
smaller, energy saving and electricity saving were remarkable.

Electricity will increase quickly, the clastiéity of electricity
consumption will be nearing 1.0.

Table 2-2 China’s Energy-Economy during 1990-1995

1990 1995
GDP(100 million) 18548 32704
Growth rate of GDP (%) 12.01
Energy Cons. ( MTce ) 987.03 1311.76
Grow.rate of Energy Cons.( %) 5.85
En. Intensity (Tce/10000Y. ) 532 4.01
The rate of Energy Saving (%) 5.50
Elasticity of EnergyConsumption 0.487
Energy Saving ( MTce ) 428.42
Electricity Cons.(100 Mkwh) 6230.4 10023.4
Growth rate of elc. cons: (%) 9.98
Elasticity of elc. cons. 0.831
Blec.Intensity ( kwh/yuan) 0.336 0.306
The rate of electricity saving 1.85
(%)
Electricity Saving ( 100 Mkwh ) 981
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(3) China’s Energy Intensity(see Table 2-3).

Energy and electricity intensity will becoming smaller.

Energy saving and electricity saving will be remarkable.

Table2-3 China’s Energy Intensity and Energy Saving Rate

in Future
Unit: Tce/10000 yuan; kwh/100 MYuan; %
1990 1995 2000 2010
Inten. |Inten. S.Rate | Inten. S.Rate |Inten. S.Rate
Ennten. | 532 [4.01 549 | 2.90 6.28 12.05 3.4l
EleInten.| 0.336 [0.306 1.85 {0.278 1.90 10.248 1.14

Note: Only including conventional energy here.
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(4) China’s Energy Demand in Future(see Table 2-4).

The percent of Coal will still be larger, but will becoming

smaller.

The increase of oil will be slowly.

Natural gas, hydropower and nuclerpower will increase fast,

but their percent will still smaller.

Although hydropower and nuclearpower will increase
quickly , thermal power will account for a larger percent than

others.
Table2-4 China’s Energy Demand in Future

Unit: Mitce; %

2000 2010
Amount % |Amount %
Total ( Mtce ) 1709.89 100 |2360.21 100
of which: Renewable(Mtce) |250 14.62 |1297.7 12.61
Conventional ( MTce ) 1459.89 85.38 12062.51  87.39
of which: Coal (MT) 1450 70.91 {1850 64.10
Oil (MT) 210 20.56 1280 19.40
Natural gas ( BillionM?) {30 2.73 (80 5.10
Hydropower ( Billion Kwh ) 220 5.43 [480.8 9.40
Nuclerpower ( Billion Kwh ) {15 0.37 {100 2.00
Total Electricity(Billion Kwh) |1400 100 {2500 100
of which: Thermal power  [1165 83.2 2125 85.0
Hydropower {220 15.7 1345 13.8
Nuclerpower |15 1.1130 1.2
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(5) China’s Electricity Consumption Mix(see Table 2-5).

The pereent of coal-electricity will be becoming larger from
1995 to 2010 and reach 83.3% in 2010.

The percent of hydropower and oil-electricity will be

decreasing.

although nuclearpower and new energy electricity will
develop fast in future their percents will be very small.

Table2-5 Electricity Consumption and Demand in China

Unit: 100 million kwh; %

1990 1995 2000 2010

Amount %] Amount % |Amount %) Amount %

Total {6230.4 100|10023.4 100}14000 100| 25000 100
coal ele. |4706.4 75.54/7798 77.80| 11356 81.1 | 20825 83.3
hyd.pow. {1267 2034|1906 19.01|2200 15.7|3450 13.8
NUC.pow. 100 1.00 | 150 1.1{300 1.2
oil gas pow.| 250 40112114 2.11280 2.01375 1.5
other™ |7 0.10(8 0.08 | 14 0.1{50 0.2

% including new and biological energies.
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(6) China’s Energy-Economy in Future(see Table 2-6).

The growth rate of energy consumption will be smaller than
economy and the elasticity will be less 0.5.

Energy intensity will become smaller and energy saving will

be remarkable,

The growth rate of electricity will be larger than energy
comsumption and the elasticity will be nearing 1.0.

The electricity intensity will become smaller and electricity

saving will be remarkable.

Table2-6 The Present Situation and Forceast of Energy Consumption

in China"
1995 2000 2010
GDP(100 million) 32704 50319 100851
Growth rate of GDP (% ) 12,0} 9.0 7.2
Eneigy Consumption(millionTce)| 1311.76 | 1459.89 | 2062.51
Grow.rate of Energy Cons.( %) 5.85 2.16 3.52
Elasticity of EnergyConsumption | 0.487 0.240 0.489
Energy Intensity(1'ce/10000Y.) 4.01 2.90 2.05
The rate of Energy Saving(%) 5.50 6.28 3.41
Energy Saving(million Tce) 428.42 | 508.54 857.23
Ele. Cons.(100 million kwh) 10023.4 | 14000 25000
Growth rate of Ele. cons. (%) 9.98 6.80 5.97
Elasticity of Ele. cons. 0.831 0.756 0.829
Ele.Intensity(kwh/yuan) 0.306 0.278 0.248
The rate of electricity saving (% )] 1.85 1.90 1.14
Ele. Saving(100 million kwh) 981 1409 | 3026
% Only including conventional encrgy here.

I-6-—9



3. Carbondioxide emission stem from energy comsumption(see
Table 3-1).

(1) The emission of carbon dioxide is Iarge and will increase in
the futare.

(2) The percent of carbon dioxide emission from coal is and will
be more than 75%. But it will become smaller gradually in future.

(3) The growth rate of emission from coal will rise during the
next ten years. But the growth rates of emission from oil and natural
gas will decrease.

Table 3-1 Carbondioxide Emission Estimation

Unit:Tc/Tee; %
1995 2000 2010
Am, Pc. | Am. Pc. GR. | Am. Pc. G.P.
coal 64194 81.58 | 67916 77.83 1.13 | 86651 7548 2.47
oil 13452 17.09 | 17585 20.15 5.50 | 23447 2042 292
natural gas| 1044 1.33 | 1764 2.02 11.06 14703 4.10 10.30
Total 78690 100 | 87265 100 2.09 {114801 100 278

Note: The emission factors are as follows: 0.656 for coal; 0.586 for oil; 0.442 for
natural gas.

4. The strategies of energy development amd environment
protection.

(1) To improve energy utilization efficiency--to save energy.
~-to develop advantage technology.
—- to improve economie structure.

--- to improve energy management,

(2) To improve energy structure.
--- to develop hydropower.
--- to develop nuclear power.
--- to inerease consumption of oil and natural gas.

-— to rise the percent of coal transforming and processing,

(3) To make proper economic policies.

(4) To make proper regulates and laws.
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JAPAN'S SOCIAL REFORMS AND NUCLEAR ENERGY

Dr. Yumi Akimoto
President and CEO

Mitsubishi Materials Corporation
1. FOREWORD

In the wake of the 1973 Oil Crisis, Japan embarked on a program of energy
conservation and diversification that, to a certain extent, has succeeded.
Nuclear energy is now a leading alternative source of energy, accounting for
about one-sixth of all primary energy sources and generating more than one-
third of all electric power. Despite these long-term efforts, however, Japan's
energy supply system remains insufficient. As of 1994, Japan still relied on
fossil fuel for 57.4% of its energy needs and continued to import more than 80%
of its energy from abroad. By comparison, France (a nation which, like Japan,

has few natural resources of its own) was importing less than 50%.

The supply of petroleum has stabilized in recent years, thanks to advances in
exploration and excavation technology. Asia's ongoing economic troubles have
resulted in declining demands and lower prices, but another energy crisis is only
a matter of time. Japan needs to reassess its energy security as it enters the

21st century.

Most discussions of energy security tend to focus on periods of only 20-30 years,
but this scope is much too narrow to include our nation's expanding economic
activities. We need to approach the problem from a much broader perspective,

in terms of both time and space.

2. FROM THE PERSPECTIVE OF TIME

There are two viewpoints we can take here: the short-term and the long-term.
In the short-term view, economic, political, social and environmental
restrictions play a much bigger role than resource limitations. Japan imports

about 80% of its petroleum from the politically unstable Middle East, a fact
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which demonstrates not only our enormous dependence on fossil fuel but also
the fragility of our energy supply structure. Breaking our reliance on oil and
the Middle East is a major priority for us. The waning power of Japan's central
government and the growing autonomy of regional communities have given rise
to an NIMBY phenomenon. It now takes an incredible amount of time and
effort to get a nuclear plant built. In many cases, 20-30 years pass between
starting construction and opening day. Environmental problems (especially
global warming) put ever-increasing restrictions on our energy supply. At last
December's COP3 conference in Kyoto, advanced nations agreed to reduce
emissions of carbon dioxide and other greenhouse gases by 5.2% overall. Japan
agreed to reductions of 6%. There is, as yet, no sure scientific way to predict
the long-term effects of carbon dioxide gas accumulation, but any effects will be
hard to erase after the fact and so we have decided to adopt certain policies "just
in case." We shall have to increase our use of nuclear power, renewable energy
and other clean energy sources in order to reduce consumption of fossil fuels
while maintaining steady growth. New energy sources like solar power are
clearly not going to meet our major energy demands, at least not in the short-
term. Indeed, expanded use of nuclear power seems to be the only way we can

obtain the energy we need while protecting the environment.

In the long-term, we are faced with a major resource limitation: the drying up
of our fossil fuel reserves. This won't happen all at once, of course. Instead,
we are likely to undergo a series of energy crises as we approach the end of our
fossil fuel resources, like waves sweeping higher and higher onto a beach as the

tide comes in.

The two oil crunches that hit Japan in the 1970's left us squealing like small
children who'd been hit by a big wave while playing in the sand. There are no
big waves today - but we're standing in water up to our waists, and the tide is
likely to have risen to our chests by the middle of the coming century. Under
these circumstances, the inevitable energy crisis - when it comes - will be a very
powerful wave indeed. Today, when we have access to a seemingly limitless
supply of reasonably-priced petroleum, we are naturally less than enthusiastic
about developing new sources of energy for the future. Nevertheless, now is
the time we must begin planning for tomorrow, while we still have the

wherewithal to do so. We need to introduce new energy sources today. In the
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field of nuclear energy, the once-through cycle of uranium is far from being 4
solution to our resource limitations. We are going to have to start recycling
plutonium in fast reactors. Developing such reactors and a suitable fuel cycla
is going to take considerable lead time. We must begin today; after the energy
crisis occurs, it will be too late. Here, as in other areas, we must adopt certain
policies "just in case."

3. FROM THE PERSPECTIVE OF SPACE

Conventional notions of energy security have always been based on the national
level. From now on, however, we need to combine with a global and a local

perspective.

The economies of various nations are intertwined as never before, making it
impossible to consider the energy supply of any one nation alone. Asia's
economic expansion, for example, has led to a corresponding rise in this region's
demand for energy. In 1995, oil imports to other countries in this part of the
world exceeded those to Japan. What's more, those countries are even more
dependent on the Middle East than Japan is; their energy structures are as
fragile as - if not more fragile than - our own. If we fail to consider the needs of
Asia as a whole, the energy crisis of a single nation may very well put the entire
region at risk. The environmental side-effects of fossil fuel consumption (global
warming, acid rain, etc.) are likewise global in nature and therefore demand a
global perspective. Just as Japan cannot monopolize the world's supply of
petroleum, we cannot significantly improve the world's environment if we are
the only nation to reduce greenhouse gas emissions. KEnergy problems can no
longer be solved by one nation alone. Nuclear power, as I have said before, 1s
the only realistic solution to the problem of energy and environment. Along
with building more nuclear power plants in Japan, it is important for us to
extend financial and technological assistance (for matters like operational safety
and management of nuclear materials) to other Asian nations that are planning
to develop nuclear energy programs. Providing this support would do more
than serve the interests of our Asian neighbors. It would also contribute to

Japan's own energy security and the world's environment.

We must also think about specific energy needs at the local level. Wind power,

solar power, geothermal power and other forms of renewable energy rely on local
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climatic or geological characteristics. We need to choose local energy supply
fitting to the regional characteristics between these renewable energies and
other localized forms of energies, such as IPPs (which make full use of local

industries) and RDFs (which participate in local recycling efforts).

Of course, none of these localized forms of energy is likely to become a major
gource of power, but they play an important role in helping to decentralize
energy generation and promote recycling. We don't have to choose between
nuclear energy and renewable energy. Instead, we need to develop the right
mix of both. We must strike a balance between localized and centralized power
generation, diminishing environmental impact while achieving sustainable

growth.

4. CONCLUSION

Japan is clearly on the brink of a revolution or paradigm shift. The
informational and social changes that began with the invention of the semi-
conductor in the first half of this century are now coming together. We stand at
the dawn of a true Information Age that could start as early as the beginning of
the 21st century. The coming century must also be an Age of Recycling. The
earth's capacity to accommodate change 1is, like its natural resources, limited.
To sustain our exploding population under these conditions, we've got to recycle
materials and protect the environment by disposing of waste products with
great care. Reducing our consumption of energy is not as easy as it sounds.
Energy is required to sustain our growing information technology, to recycle
materials and to dispose of waste products. The law of thermodynamics states
that entropy increases and energy dissipates. No matter how successful we are
in conserving energy, the fact is that advance of civilization inevitably leads to
greater consumption of energy. Our growing reliance on information
technology, too, will contribute greatly to the shift from fossil fuels to electric
energy. Nuclear power is an absolute necessity because it provides the steady

supply of energy required to sustain growth.

It's not easy to determine what must be done during a period of transition like

this. If we broaden our perspective, however, the way becomes clear, because
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what's needed is an expansive, global perspective. Only when we look at thg
world as a whole, we can see the uneven distribution of natural resources ang
geopolitical issues, and also see global environmental problems. At the same
time, we must also take a long, hard look at the ground around our own feet.
The manner of energy consumption of each individual have a direct impact op
the global environment. We need to keep in mind that our supply of fossil fuelg
is going to dry sometime after the second half of the 21st century. There's ng
telling when the next energy crisis will occur, so we must begin developing

alternative sources of energy now.

Finally, I would like to return to two essential points: nuclear power is the only
way we can protect the environment while generating a stable supply of energy,
and recycling plutonium through fast reactors is the only way we can ensure a

supply of energy for the future. N

I—4-10



gLy T = T5—7

WEREOHESNEB L TWAHEEZRET IO, TOBLWIETHEEW, A
INETEHNZ, £V T ERERBRAKTLSED, MERICEINTSHHBETK
BRELTER, TOEKTHE. BF0FEREI - v /BE—&<IAFUR, F1Y
—OREREELTNBEENVNED, TNESIND OMBEEIILRNIC, ARETIERRIER
EFEEATHS L CHRERMBEEESHTT SR, 1FURERIVYEDIBEULNTT
Wo<NETDEGZEETTER, ENBRERZEAD L 0ESTISTENEDSIEL
Twa,

BBEBEVWI &I, BERWEVDENRRDOFTENELSSI LTS, LD BRI
FORET, LI—-OuNGERPLEERALEBBNELETI ELTND, ENDIDRE,
FRORE, BRZEFEELT, ACIIERERX. BRFEIXHEEAI 35, K0
WA X EVNIBHEEN N LI, FROBRISITTOND I LT HEINER
DE, DEREND EERETIEIOVHEL, BRSSOV FRERUTREER
gUizirnidizarizn,

AEANZOEENRNEZRPLTWSEEE, DEDIIXL 98 08RDIFURETAY
HOBZEBETHWR I EICH B, COTEEAELMI I OREBITKREZ - —REE
fr. Befl, B, NELER 4, LMLENS NS OSEQOUECENIVE
WEERRE 2. CORFRRER->TOR, EVLWHEEYD FWTH2, BFEDHP
MTHISIVWIRBELAREROE. =R LFNLEROG&FEMNEAEOKL ¢ RETH
50T &77,

EEOKLSENZRHORA > ML, HFLUVERE. FHLLER, 2L THLWS( 7
DREE, THILEGELOVEDEL T, ¥R BETHEMEEMNRERBLDDH S, H
ATHLHOETH, BEFHEDCHERIEHTIREZBRED, EEFNAERNICRET,
AEEWOHHEFCH L TRERWEWT S, H&E. NIEE. gF=ERER IS
FRT, BEERETILOREEANLONTWE, EAEHEVIHOBB/NLNTWE,
FAITONIEEITW S EDT, ABOEREE, IO LEBMOEREL. HIREOT
O F4 72G0EVW TV EETHH 5.

CHAEoREMEENS T, BEFARARIEDENET > TWd b T, Z2%Y
RTOGEMTONTNAB LI IT, ERERD - & TRERIIASICH > T B DL,
FLTDhIC, [2NMahoms E3nsdh) VST EEEXTHILERDS.
LWETHEEMMICHE > TWRELES, BELTIDRELEEVABIESI M. BT
ADBEHIANCREELEABT BB, KEARCEHIR LS ZRIF—HEETHER
W, FOHEE. KEBES 3, KELESNTWS, SEHERPTRATRICLDTE
ERETACOIFREBLAME., CHEOADMER, ERLEVNTVHNWTFHEDOVNDN
NSORSNEFROFELNL. BEHIRUCRIDTEROH S ERITIDEFITHXT,
B EEZTEIVOESDID, BEFHENIFEMCENTIALIE, TOMWIIER
BFNEE 5w, Eehhbid, b, ERBKNBEIKELRT 25EICTHR
SHEOEBEE EDTaN, BHEM LIRS ANn,

H-5-1



[RFAREMZEOHCHAFEE I EBEHEE)
Iy b EFEX FH
fRIGETHE W I IE #f
1. 2 ORI AEEERIC LD

2. 2 1R, AT LTHARITZE ZICHmD D M

. NEHERTFARER. TOIBIEE

w

4. bbb bd ., BERELZD STREFHEEFRIMBEIEED
2., T LTHx

I—6-—1



tyia2: THARREDEELREF IR

SRR B 1 IR 1 A B A =
T IEkR

AAtL =R E L RFHIRRICONT - - - - - 3R> TDND,
1. WHPEEHGHERLCE DWSHE TYTERED - DICRFET S SERICEE
HMEPEM L& VWA D LEDOFFEEDEZDITE. RSN -HMERICHER
EREPSETCHREENICCLR2ITS0D LD ok, EEOEXMES K2 D—HF
THH5. BFAEFES ZOPI Tl o7z, LWA KD £z EhHHEIRE
EEMHORMED. 25 LEARZ2HERICE U TEEDO TRV D,

FROERITERF VU YED T7F LA 7 T T hE32308HTIL] &
BHkdsnwbhd, TEHR) OB ORZBHLIICL. BRI E T ECE
T HBEL 205, THAT ) XBERZH/FE LD DI VNS EZEEHN 70 ATH
D, Z0@ERT ISy ZEENRESHZEILOZ LDk 3,. ORI THbl) &
HBKIRE S ANHOBHICBBEREEZRIIT LIRS, 2,

AEEZEWRBOMROF T, Hilizhk> FMERIEFOBENRBRRBOBIGEE
HEPEAPSHNTLES & ZOEMMPMAICERARODTH >CHHEIHIS
EHINDEILIZRETHAS. RFNEISF. Z20—D20HWB LR >TLE > TR
YR

ZLUSHO 7 0—rOMb U RERO Bl EREFAE TR X PP —E R,
BERB-LVWOIHEEREOKRATH 5, AEUHOARSTZENZBA /LI AT
TRl ) DR RZEMENRDENT NS,

COREKRTCRFAORME ZN 2R EMERO Mttt 450 BLIBEbhTn
%

BAEDOE /A ROREBIE—IEHINELDIICAZ DD ZNEEARKICH 2EKRT
DEDHEDOHETH > T/ DEPIEEST. LDRLI LDEL LhREW
HOERDDILNG—BRELT. RALLREEEZRESELIICRZ S,

IHUEHDPLE. Fx)V /) TANVEROEBEOES P TOHRO—EDOHHIL. £
NETIEEMT2ENBEZERIC TRENE) D TREEAOTERE) 2SI ZAA

H—7-1



TWEESIKHRIBFEFHIH LT, —RIZ TREEADTLRE) HEE o7,
ok, T8 b L) KERBINZ2Z0HEMTH . BAEKBRERE/LREEAD

HO—D L LTHEINT LA BREMIEEZRKD, BOPEOBHAD3HD 1 243
ZBFCICENIGICERLREEE LT W EMi eI 52 >TUE 7200,

Zhid. pib Lzk Sz /Ek. BESFomT, H, B, A—-h—IZFEQATH
FIRFIIBAFED TR DONELHMBIRNS BIZENEATHEZ] EWVWS T E~NDOE
BH, HEBEERBORRIZR >TI70—X7 v 7INTELEDOTIERNEA DD, K
B, L LTEBALTAREE SEALRRENPRBIVCIINTELEEDYTIC
B L TWBDTIXRWES S 2. flzZ0nid. 0E2id. HFhYEasrtzo
FEREHOLOHTHE, fARICASLDFETIED., B L XE2GDHEREE 5 LB KT
Tl e, BeDEZRNVF—, BE, FRFACOWTHERGTLIT LE T2
Hb EFohTaabo/=z28, IHICINSPEOIR)NF—EKL LTESREY
ROBHTHACmUONT, ERICAZ Tzl e, THd.

WA LW 2id. THFREO BRREEEREES ST R{—A—ADEANEH
EM. EREERF o CHOAERTEOFENO® L THBIISMU. #2EE>THL LS
RO TH B LRSS, 5D L. HOOMER CEERESEHEL>PDE-
FEADPEESCENEZREEL TNV L, ZORTHEEROMSHEEZ L o>h D H
FATCENZNDRIAREFERTIE, WO YHEDHIOZ LA, Thdrbos
TES—ERADPOGBDNA I EIZRBTHA D,

MEMEER U ROPREEDCHTBETPREZI W DOH D, fA, D&,
5 DR E I > TNV LS BIE. WhwEZNIMBY (Not In My Back Yard) 12D
WTHRL ), ERLVARVTERIZEZ, @M RETHE L. ZORDPTHESE
AEEORRZERE UL U A - HEMOMEIRLONIRETHA S,

2. HEFHEOHAITNDIXBEHFEE KMFEHOMZTH 2. ThIZH LT,
HESREBEOM ST ZMEE - AREOHEE WA LS. SHRESRMELED
NTWBERMERITAT 24, A AL OER. BRREAORW, LE e
HEMOM LS. AR RERN &N RE L IR UITIEEERLZ RN,
2O L THERRN— FREMOIE L bW TWBRFhZE &5 T -
TEBENREL P, BEARIANF—REV T M RIANVF—TZOHMAZRET
2 EDPBERTIROETNIE. N— FRrEdMzdEIC8RkA 5582V 7 MEL TN

I—-7-2



. LPRWTEH B3,

BEOERABOMEN S V7 4—A IV Ly b, & 5ITEBOE - HhkdE~
O—RTROSME L, SETCLIXESE7 70 —FDBRIZEDONDDOH B,

FIEMEILGHEPHRIH LT, EDOLIRLTOZELY, WS L TH 5D,

AEIDEHREED D AVRDEBHORNOTTHED LT TEEFELDT ) DDOHX
ETH2, LARDICEZRTIE. BifidZ20—DIBE WA, LPLEDDTE
i —DTHb. ABRREERTD ZHIRIZ. ABMZIZLDETBVEN S RLEYH
HELTWS LT, ZOBBHRIETETHEATETHA S L. HOHICL>TTFH
ROEHMERODTH A5, BRTFHIODVWTEZLR., Hiizf> YHEELERO/S
WA UTHESZED 2o RBMOBLETEL LI 2D 5 —BALICHBEI L, &
LTHEI3LBNEELATIERERNWEEZ B,

HRPHRIIN LT, EfCHEZFE D UBEEL. BRoRF > >EMEART I
RLUTHERPEDBREZRLTWZLTH D, ZLT, SBETETEBICR -
TR BDFFEROFBEBFELMHNBLREEBEDOIEDNSI L ADENEHRICH DI &
THA5, EESHBEOHETI, HBEEMOBIRTHETRENTOEERIZ. 58I
ZEZWMITROBAEPLERERZERL, EIRL. FHMliLT. BREFANL4LEH
DIEFEHZHET T 2R >TL %, WS 2 kiE. BEANOBRARIIYARD
Tl ULT, REHMCLEREEIFLELRE. BB BION, RhEEIND
=HOMAE, FUTHEREZER L. ZITWD., HET2ZEBTOEEIEL RS,

FBEho M4ey & TZin) UTHRIZZTWM o> TWEELEDIZE. YBHOH
WRHM T2 TEAY OL VS BIZ—HHEATYEHEDARME~D TEH,
DU NI ETHEERITNIERE 2N,

3. FREDORBREWZWMAIIZ X3EMHOBRKIZ, RANICHEI LS B L X
ILHEDLLBVLESHBRIEDY ZRNWTHA D, I 5, MERRBERE R & Hi =7k
EFRHIE T ORFIZEANTO TR ) F - FEROBIROEZ VY > Z 5 e 5 WEEH:
ZRLTNW5,

B2 MAEE., ~ROAAERIPEFEL TV EOOEEERLZDRZHD X))
F—fftific, BREEEDLIEOB N EMIT 2 X, 19 5 34, FThoEHAlH
CIRTFHREBOTGESENRFITZ. BROIZEAERNESEIZOR, WHR | &

n—-7-3



E &l & HICHEET OV —EHRE UTRT I 2RR U, TR A —
&S VEE) YA U N —FERIEEE ) OV AT LAOBRBEEDTEENY I TS
7Y RESVWEIDPIED > TRV, ZFULTHEPEHOR T IR L ZOEE LD 7
0k Z2DHT, Fiffi - AW - B HZ L TCEBWREULEBREERED TV AT A,
MARINCHEEZRA 77 E UTHFHLELTWAB I EEFEETER N, 2 1 HFIZrT
THEZLOELZIZE >THEFAEOET BI04 V7506 DBEIL. BREE X))
F—OWLZEZDLE REREHZEIDIDOLEZLS, LI L. ROBENDHT,
BIZ Y54 BEL TRBHIT) 2D BITTHICB L RITIR S 720,

G E O BRI, AR, TRICERPBE MG I N oMl
KB TFICANSG N2 & e BT, BERIEM (XY ML TV X—Y v 7)) &Fo
FEMN, TNTOL o REREZHOEECTHINFICTHRICRIHES. 2nitks
DEIICBZ 2. ZITCHROLT LY BETCRVWEDEAL LEHREBRBICAFET
ERVEPZ7O0—VUME L TS HSEREBZEAL LS & ThE. LERERIZON
TZDR—RIIIg 50 OMHE % ECBED 2 Y HEH MW, BRI, RITICH
B2 ik >T. ZOEIDES. 7V POEAMNCHIGHERMEEATEDL LS
T BHEPFHURTH D, LS. BHEBTERR. BROBRVWHARIZE > TRF
NEFE SRR H 25 PIIN—XBREVWIICIEE ST, BEHBOHS
FHOEAZWELTE2LEVWIRETH 2, WHAEHORED I PPEAFET AN
—ZEULTEBLEIEN, ZNEAREL LEVLEDORME, EEI5hARNTHA
2 D

AREEETHHBLRBEHE. 20420 EREHE>TWS, &5 X %,
=Dl WEOBERICZMTRETRERBAZHETER T2 L. THD.
HI =D ZIVIBRZEBOMROBERKICEDRIT S, LS TH B, ¥
ZVEBFOFNE, VYA VI DO 7 SEiETH h. SOHR»DLT
HHEDTBLIREDD, LEXDDTH D,

k. HADOFEFHIE TEHERE] LTHEIREPVHELSTET. COER
WKIEEO A )V F—DR2AEE EAEEEORGETLZEI T 520D X))V F—
BERBEEX—BLTNWDE, WS TS -8B, EHHBPUHI N 2B,
INZBEIFEZ DD

ABO X S1Z. HADOEBERLBREERIHIEASMEENMIC X 53 BEARMIEEDS

I—-7-4



e P T, LECDZODREREIIFIRE MO TERETH S I LITELED DR
Wo EDZANF—REREILHEPEEARRANVTHD, POLTLHE
BEND B LIEEVHND, BERBEEEOZNEEY, MW IhHEFICBrRIT
NER5RNWL. RESBEETHIDPLNVTNORIITHE UTERRIC T RE DX 28
EMNAHETH 5. WCRTHETEN B Bbop T, BN, EHRIRNZEE OMEA»H b
/BHELTH, BRIBEORY, FRARERD LIZHE > HAROBLIERFIL. K
HARBI IS Lo D RINOAIG O REREZERIED TV . ZOREDICEFEF
TIORFBZERBROFTCH D, EDDOSHEDHT, BDOEIRESHDEED>T
EROBNHDEZ LD D EDDTNIRE, EEHEX Do

PLE

I—-7-5



Session 2 :

Revolution of Society and Nuclear Power Development in Japan

Masao Takuma
Director, Deputy Exective General Manager
Nuclear Power Division

TEPCO

I want to focus on following three viewpoints:

1.  We can reasonably deduce that since the Meiji Restoration until quite
recently “producer logic” has governed the conditions of the whole of
economic society in Japan in order to overcome our disadvantage of having
virtually no resources. For improving production efficiency, a centralized
operation of industries, by concentrating authority on selected elite groups,
must have been the most effective means. The system of the business world
being divided into industries and protected and controlled by bureaucracy (the
so-called “convoy system”) is a typical arrangement designed with such
intention, and the development of nuclear energy was not an exception. The
problems existing between electricity consuming and producing districts have
probably resulted from this system in the background.

The origin of the word ”technology” is said to be the ancient Greek word
“atireia”, which means “to reveal what is concealed”. “Technology” has
something in common with philosophy and art in that they reveal what 1s
concealed in nature and bring it to blossom. However, “technology” is
also a creative process through challenging nature to force it to reveal what is
concealed, and “technology”, in that process, begins to assume autonomous
movements, inflicting serious impacts on the global environment and human
spirit, it is said.
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Once the elite group in control of some kind of technology begins to act as an
autonomous force in a society operating under producer logic, such
technology could eventually turn out to be unacceptable to society, however
useful the technology. Maybe we need to ask ourselves if nuclear energy has
not developed into a type of such technology.

Furthermore, we are living today in an age where “consumer logic” prevails
which requires priority be given to costs and services and the satisfaction of
customers and in a globalized liberal economy where market principles rule.
In such an environment, what is required of “technology” is the social
acceptability of the technology rather than its usefulness.

In this context, “the social performance” of nuclear technology and the elite
group managing the technology is now being seriously questioned.

The state of the scarcity of goods seems to be eliminated provisionally, which,
however, seems to have deprived people, lulled in by the disappearance of
scarcity, of their target of seeking a better living surrounded by better, more

and large wares.

In these circumstances, a series of accidents of PNC occurred while the
memory of the Chernobyl accident still had not faded away, heightening
directly “the concern on safety” of nuclear energy of which “the necessity”
seemed to have been restrained “the concern” due to increasing demands for

electricity in the background.

What happened to the technology which once was looked upon as a
technology of dream symbolized as “TETSUWAN-ATOM (the Cannonball
Atom)”, which is a hero in Japanese famous cartoon, and has characteristics
worth our expectation as an effective means of mitigating the global warning
effects and is boasting a significant record of supplying electricity exceeding
one third of our total electricity demands?
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I believe the fact is that the distrust of the people was highlighted in the age of
consumerism when they realized that things have developed in undesirable
directions in nuclear energy development entrusted to the government, utility
companies and manufacturers. Maybe, we are facing a situation of paying
off the debt of our negligence of not having properly dealt with the issues
which should have been essentially resolved orderly by the society. To name
some examples, the people in the nuclear industry lacked a confident attitude
in gaining the understanding and support of people through listening to voices
of society with their own ears and talking to the society with their own voices.
Or, the subjects of energy, environment and nuclear energy were not properly
dealt with in the curriculum of schools and further, these matters have not
been fully debated in public forums, such as the Diet, as the government’s
energy policy so as to draw people’s attention.

What I should like to emphasize is that a society of a free economy, under the
working of the market principle, naturally should be where each individual
participates in the market independently and accountably with their own
initiative to structure the society. There, individuals, firmly holding an values
and sound social common sense, should constitute enterprises and groups and
do their duty with good understanding of their tasks charged by the society
whether they be part of public sector or the private sector. This rightful
proposition will have to be questioned again thoroughly in future society.

The centralized administrative power and the concentration of activities in the
metropolitan district, a mechanism necessary for the pursuit of efficiency, are
under re-examination now. Problems with the so-called NIMBY (Not in My
Back Yard) attitude of people should be seriously reconsidered and discussed
at citizen’s or national levels in the coming age of individual, decentralized
authority and local societies, and through this process the problems between
producing and consuming districts which surfaced during the age of the
working of producer’s logic should also be discussed.
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2. The world under the workings of producer logic is in a way a society of
masculine or paternal logic, whereas the world of consumer logic may be
contrasted as a society of feminine or maternal logic. Qualities such as
symbiosis to allow diversity, trust between people, valuation of nature as
environment, mutual understanding between producing and consuming
societies are regarded as highly valuable today, but they cannot be fostered
without a maternal toleration capacity.

In this situation, the only way to successfully win the understanding and
support of people for nuclear power, which may be a typical masculine and
hard technology, is to moderate the manner of appealing for the introduction
of a hard technology to society, because it is not easily practicable to replace a
hard technology with some soft technology, like that for a renewable energy,
in terms of its usefulness. New approaches different from those used in the
past have recently been introduced. They include thoroughgoing information
disclosure, creating informed consent and the participation of the general
public in the determination process for policies and plans.

What is important is that the minds of the people in the elite group be directed
sympathetically toward society and nature.

My interpretation of the culture is it includes all kinds of things and the spirit
people developed with the long lapse of time under the influence of nature.
In this context, technology is merely one of them, but an extremely important
one. Its importance will increase more and more to support symbiotic
existence of every kind of life including mankind on the earth of a finite
ecologic system. And it will have an indispensable usefulness, which
depends upon how it is used. As for nuclear energy, I believe the people in
this business should not spare their efforts to renew understanding and
consciousness of people on superior and dreamful nature of the technology by
keeping in mind the importance of modest attitude toward nature and society.

What is required of the people responsible to our nature and society in
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development of technology is to show and discuss in detail its advantages apq
disadvantages and to explain available options for us to society. And what g
increasingly important now is a well-balanced relationship between the three
parties of the dispatchers, intermediaries and receivers of informatiop
Information which was used to be disclosed at dispatcher’s option in the
society of the producer’s logic will have to be disclosed so receivers, of
society who demand, select and evaluate it to judge the trustworthiness of the
dispatchers, or the parties in industries, in the society of future. This means
that the responsibility of intermediaries who collect a necessary amount of
required information and correctly transmit it to receivers and the
responsibility of receivers who demand receive and evaluate the information
will increase. Of course it is needless to emphasize the importance of
information disclosure.

In order to win acceptance of society for “safety” of nuclear energy
comfortably, the people in the industry must advance one step further from a
level of “confidence” in the technology and their technical capability to a level
of “trust” in their own humanity.

3.  The present condition of our country which requires us to rely on
mmports for most of our natural resources should not change in future; however,
society undergoes change with time. Furthermore, new restrictions being
imposed on a global scale, such as those addressing global environmental
problems could possibly further narrow down the range of options available
for our domestic energy supply.

When utility companies were making strenuous efforts in support of the
industrial rehabilitation and assurance of required energy supply for the
survival of the 100 millions of our people after the last world war, an
opportunity for the peaceful use of nuclear energy and nuclear power
generation emerged in 1953.  Our country promptly joined with England and

others in accepting nuclear energy as a quasi-domestic energy resource and
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undertook to develop a system of “thermal neutron reactor —reprocessing and
recycling of uranium resources —fast breeder reactor”. This background has
not changed as of today. Also, we should not fail to notice the fact that we
hold, as a globally valuable infrastructure, technology, human resources, and
facilities and systems capable of instilling superior safety culture and high
quality into products, which we have fostered in the process of our
development and industrial application of nuclear energy. 1 believe the
importance of this infrastructure of ours for developing countries is very
significant when we consider the need for the resolution of the problems of
environment and energy compatibility as we enter the 21% century. However,
in this changing world we must always keep in their mind the proverb;
“Substance does not change with the passing of time”.

I consider a society of free economy under the working of the market principle
basically is where resources are abundantly available in markets, anybody can
obtain them at the markets with equal opportunity and the people with
entrepreneurship can sell their products at the markets but at their own risk.
Now, it seems important for countries which do not have sufficient resources
or an easy means to obtain resources from abroad to secure systematically,
strategically and in a long term the basic portion of necessary resources and to
apply market principle only for their remaining fringe portion in order to
introduce the globalizing market economy into them. For electricity supply,
nuclear energy is that basic portion for Japan not favored with resources.
Nuclear energy is not only important as the base of its electricity supply but
also important in introducing the rule of competition in the power generation
market. For the recent introduction of IIP in our country, the stable
development of nuclear power may have been one of the conditions that has
made that introduction possible.

Electric utility companies have two missions socially as a kind of public utility
operation. One is to supply economical, safe and quality electricity in an
adequate amount to customers of today and the other is to continue supplying
electricity to customers of future generations. Reprocessing and recycling
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uranium resources are necessary for preparation of infrastructure to carry oy
these missions and are the things we should advance for the sake of our ney;
generations. Up to today, the nuclear energy program of Japan has beey
undertaken under a system which may be called “private operation under the
national policy” and there has been understanding in the background that the
national security of energy supply and the energy security required to fulfj)]
electric utility business’s responsibility for supplying electricity are in accord,
This is a question we should consider now when the freeing of the electricity
business is crying out.

As I just mentioned, the resource and environmental conditions do not change
basically with changes in the social structure, and the two kinds of the security
will still remain extremely important in the future.  The national security of
energy is a long-span issue rather without flexibility and that of electric utility
business has to be examined from both the long-term and the short-term point
of view and it can be managed flexibly by changing its emphasis in response
to changes in the situations because it is a private enterprise. While there is a
possibility that short-term and short-sighted management will gather strength
in the U.S. and European electricity business as the freeing of the business
progresses, electric utility business in Japan which has a long and difficult
history will steadily advance the long-term security in supplying electricity
with properly dealing with short-term changes in conditions. In doing so, the
development of nuclear energy is an important key for us. We should
distinguish clearly what should be changed from what should not be changed
in this society.
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Downstream Side of the Nuclear Cycle
Review of the Situation in France

Mr. Claude Mandil, Director General of Energy and Raw Materials
At the French Ministry of Economics, Finance, and Industry

Mister President, Ladies and Gentlemen,

It is an honor and great pleasure for me to take part in the JAIF for the first time this year, and
to say something about a very important theme : the downstream side of the nuclear cycle.

First, I would like to say just a few general words about French energy policy. The goal of
this policy, adopted on the heels of the first oil crisis, was mainly to achieve long-term supply
security, and was based largely on the use of nuclear energy with the concomitant active
energy savings and diversification of our foreign fossil energy resources. In twenty years'
time, France accomplished a very ambitious investment program that now places the country
in a unique position worldwide, in terms of the use of nuclear power for the generation of
electricity.

The nuclear option allows France to enhance its independence, to avail itself of competitive
energy, and to reduce the level of greenhouse gas emissions, which is indispensable for
honoring the Kyoto commitments of December 1997. One feature of French nuclear policy
is therefore its marked continuity.

With EDF, Framatome, and Cogema, France has world-class competitive industries and
research of unanimously recognized quality at the CEA and Andra, of which the CEA's
Administrator General, Mr. D'Escatha, gave a brief description on Monday.

The downstream side of the cycle is one of the major questions in the nuclear field today, and
the rest of my discussion will be centered around this theme.

French industry downstream of the nuclear cycle has leveled off. Industrial investments
have been made and are operational today. At the same time, major research programs are
continuing to lay the groundwork for the future, especially for the decisions expected in 2006
concerning long-lived radioactive wastes.

I will first be talking to you briefly of these two aspects — industry and research — and try to
show you the continuity of French policy, particularly in light of recent governmental

decisions.

Then I will lay out the various strategies concerning the downstream side of the cycle seen in
the long term, showing you all the flexibility that exists today.

1) A Consistent, High-Performance Industrial Tool

The French nuclear power plant population operated by the French power company, EDF,
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today includes 57 reactors in operation and one under construction. On the downstream sjq,
of the cycle, France has opted for reprocessing-recycling and has acquired the corresponding
industrial tools operated by Cogema:

x the Hague reprocessing plant, which also works for the requirements of Japanese,
German, Belgian, Dutch, and Swiss electricity producers;

x the MOX manufacturing plants of Cadarache, Dessel in Belgium, and the very
modern Melox plant in Marcoule. This system is operated both for France and
for export.

x the number of French reactors loaded with MOX is increasing. Technically, up
to 28 reactors can be charged with MOX. As of today, 16 are authorized to be
charged, and this number should increase in the coming years as EDF applies for
new authorizations and these are examined by the Nuclear Safety Agency.

France has decided to opt for reprocessing-recycling for two reasons:
1)  Environmental

The plutonium contained in the spent fuel is essentially what constitutes its long-term
toxicity (95 % at 10,000 years), so that its long-term environmental impact can be
reduced considerably by reprocessing and recycling. These processes also isolate the
only true ultimate wastes, which are the products of fission and minor actinides, so
they can be given proper conditioning.

2)  Long-term Economics

Reprocessing is a way of recycling uranium and, while this may certainly be an
abundant natural resource today, it will necessarily be less so in the future.

We are aware that the increasing stock of separated plutonium poses a political
problem. This is why, in order to avoid increasing its stock of separated plutonium,
EDF has its irradiated fuel reprocessed as the need for the plutonium extracted from it
arises. So the quantity of reprocessed fuel depends on the capacity of the MOX
manufacturing plants and on the authorizations given to reactors to use the substance.

Currently, a little more than two-thirds of the irradiated fuel discharged from EDF
reactors is reprocessed. The rest is stored, and what will become of it depends
mainly on decisions that will be made in the coming years, especially the irradiated
MOX fuel. A number of options are possible in these two fields, and the decisions
will be made in light of the results of current research.

Hearing this, you doubtless wonder if there is not a contradiction, not to reprocess all
the irradiated fuels, whereas I just told you that reprocessing is very useful on the
environmental level. In answer, I can say that these fuels may someday be
reprocessed anyway, but moreover any reduction in the stock of plutonium by
recycling is a step in the right direction.
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2)  Research Programs to Prepare for the Future

In accordance with the law of December 30, 1991, there are three lines of research on
the management of highly active radioactive wastes. This law defined a certain
number of rules concerning the management of radioactive wastes, thus allowing for a
transparent and democratic process. One of these rules prohibits the storage of
imported radioactive wastes in France, even if reprocessed in France, beyond the time
technically necessary for the reprocessing. The law therefore requires the wastes to be
returned after reprocessing.

The three research themes provided for by the law are:
- separation-transmutation;

- reversible and irreversible disposal in deep geological layers, particularly with
the construction of underground laboratories;

- surface conditioning and storage.

The purpose of this research is to provide the Parliament with the means of making
decisions on the future of these wastes in 2006. The studies are being monitored and
evaluated by a scientific "National Evaluation Commission" of 12 independent
scientists. This commission writes a research evaluation report each year, and will
generate a global report in 2006 to serve as a decision-making basis for the
Government and Parliament.

The Government is determined to continue research along these three lines. This has
been clearly restated by the Prime Minister, who made the decisions presented at the
press conference of February 2, 1998, by the Minister of the Economy, Finance, and
Industry, Mr. Strauss-Kahn making the following points :

Concerning the first theme of investigation, research on transmutation will continue
despite the final decision to shut down the Superphénix fast neutron reactor (FNR),
which is possible mainly due to the full resumption of Phénix operation and
international cooperation.

In this respect, I would like to state the reasons why the government, in line with its
political commitments, decided to abandon Superphénix. It was in fact felt that this
prototype, launched in the seventies in a context of energy shortage and an estimated
scarcity of uranium resources, is ill-suited to the current context. Today's population
of conventional nuclear power plants is fully sufficient to meet our needs. There is
no tension in energy prices, nor a supply shortage of uranium. The breeder reactor
does not seem to have any short-term industrial perspective. Furthermore, this was a
considerable technological advance to master, and was costing much more than
planned. In its current state, it cannot be considered to be a model to be replicated in
any breeder reactor development program.

So the government decided to drop Superphénix for technical and economic reasons,
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and not for security-related reasons.

I also stress the fact that this step should not be taken as a disavowal of the fast
neutron reactor idea. The acquired experience will be used, and research on fast
neutron reactors will be continued in the long term, so that if someday it turns out that
fast neutron reactors would be of use, there will be no obstacles to prevent this. In
the short term, the research conducted in the Superphénix framework will be
reoriented toward Phénix, a reactor of about the same size as Monju, especially for
experimental purposes. Lastly, other avenues of transmutation research will be
explored, with innovative concepts like hybrid systems, namely the projects of
Professor Rubbia. France is anxious to see these programs conducted in an
international framework, especially with countries that are still interested in the
development of FNRs: Japan and Russia.

The second theme is storage in deep geological layers. The underground laboratory
project — laboratories in which storage is explicitly prohibited by law — has sparked a
very broad debate among officials and the population since the beginning. In 1993,
the government put Representative Christian Bataille in charge of a mediation mission,
after which he proposed four candidate sites for laboratories.

After two years of detailed reconnaissance work, the government authorized
applications by the Andra agency to install and operate underground research
laboratories on three sites: two in clay and one in granite beds.

These applications were subjected to a very detailed investigation in 1997, including a
broad dialogue with the local communities and authorities.

On February 2, 1998, the Prime Minister announced his decision to retain at least two
sites, in accordance with the law. He asked the National Evaluation Commission to
continue its study of reversibility and the means of achieving it, and to report on its
work by mid-year. The choice of sites for building and operating underground
laboratories will be made known at that time.

Lastly, the research on the third theme, which is the study of the conditioning and
long-term storage, will be intensified. Funding will be increased 15 % for this in
1998, and 20 % in 1999, reaching FRF 300 million per year. The priority here is a
census of existing storage sites, an inventory of wastes to be stored, a functional
analysis of a very long-term storage facility, the definition of containers, the long-term
properties of the depots, containers, and packages. I will say again that we are of
course only in the research phase on this theme, as on the other two. This will
continue until 2006, so that no decision has yet been made to build a very long-term
interim storage facility.

It would be useful for France to pursue all these research programs in a cooperative
international framework, especially with Japan.
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3)  Flexible Strategy

The government wanted all the decisions affecting the downstream side of the cycle to
be consistent, and asked me to act jointly with Mr. Vesseron, who is director at the
Ministry of the Environment, to straighten out any conflicts in the strategies of the
various players.

To this end, we organized a workgroup comprising the government agencies
concerned, and asked the industries to do a great deal of analysis and thinking.

This work led to the writing of an intermediate report that was submitted to the
Ministries of Industry and the Environment in the summer of 1997. This report is
currently being examined by the parliamentary office of scientific and technological
assessment, which is the body that has jurisdiction over these questions in the French
Parliament. Once this office has made its comments known, a final report will be
written.

To fulfill the mission entrusted to us by the Ministries, the committee's first step was
to review the decisions already made concerning the downstream side of the cycle,
which affect the strategy that is currently being followed by the various players in the
nuclear sector. Whether or not this strategy will be followed beyond 2006 as
provided by the law of December 30, 1991, depends on the decisions that will be
made at that time, principally as concerns a possible authorization for an underground
storage center.

The committee's second step was to define a number of possible post-2006 scenarios,
attempting to cover as much territory as possible, with no preconceived ideas. We
generated ten such scenarios, ranging from "all directly to store" to "all reprocessed".

I would like to tell you how we constructed these scenarios.

Several principles were followed. We used the time horizon of the year 2050 —
neither too close nor too far off — and an annual nuclear electricity generation level of
400 TWh equivalent to today's level, which will still come to about 70 % of the total.

The purpose was not to make energy forecasts. Furthermore, some of these
scenarios assume that new industrial tools will be developed at more or less remote
points in time, depending on their technical maturity and industrial requirements:
blast lasers for reprocessing uranium or plutonium, hybrid systems, incinerators, new-
generation FNRs, and so forth.

From there, we developed a decision tree consisting of answering the following four
questions in succession.

The first is whether a deep storage center will be created or not.  If this option is not
retained, long-term surface storage of indeterminate duration would become
unavoidable. We felt that this could not be considered a full-fledged strategy, but
only a stop-gap measure that was not worth studying in depth.

The second question concerned the more or less large quantity of plutonium that could
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be placed in deep storage.

The third question is whether or not FINRs will be present — for energy reasons — in the
nuclear power plant population. Of course this involves long-term strategies on the
horizon of 2050, so I would like to make it very clear that there is no reason to discard
those scenarios that include FNRs out of hand. Once again, the decision to drop the
prototype Superphénix reactor was in no way a decision to abandon the FNR process
altogether.

The fourth question is whether or not plutonium will be recycled in pressurized water
reactors.

On the basis of the various possible answers to these questions, ten post-2006
scenarios were developed, grouped into five main paths. I will very briefly describe
each of these paths, which should give you a good idea of how our thinking is going.

Path A. This is the open cycle, that is, with storage of irradiated fuels without
recycling, with or without reprocessing for conditioning.

-Path B. This is a partially closed cycle. Reprocessing is simplified, i.e. it becomes
authorized to separate plutonium in the reprocessing operations with less efficiency
than the current 99.9 %, and this plutonium is recycled. Moreover, certain irradiated
fuels can be stored directly. This is a continuation of today's policy, with the fast
neutron reactors.

Path C. This is a closed cycle with recycling of plutonium in pressurized water
reactors or fast neutron reactors. Reprocessing is simplified.

Path D. This is a closed cycle with recycling of plutonium in pressurized water
reactors or fast neutron reactors, and transmutation of minor actinides and long-lived
fission products in one of the two scenarios.

Path E. This is a totally closed cycle only for plutonium in pressurized water
reactors.

Of course, it would have been possible to develop an infinite number of scenarios; but
it seemed to us that any scenario could be a combination of the ten scenarios retained.

The committee's third and last step was to evaluate each of these ten scenarios by
different criteria: the flexibility needed to go from one scenario to another, the R&D
effort needed, the financial effort, positioning in the international context, the
quantities of material to be stored at surface or at depth, and the environmental
aspects.

We felt it was no use trying to decide today which would be the best post-2006
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scenario, but we rather tried to determine which of the scenarios studied were actually
stop-gaps or dead-ends.

The main conclusion from this evaluation is that none of the scenarios studied would
constitute a stop-gap or a dead-end. Nevertheless, while all of them are possible, not
all of them will be pertinent with respect to the economic or technical environment at
the time they come into play. And yet there is no clear-cut trend in this environment,
so it would be careless to eliminate any one of the scenarios now at the outset.

From this point of view, we felt that the current strategy, as I have described it, offers
many degrees of freedom and makes a move toward any one of the ten scenarios
possible after the 2006 date set by the law of December 30,1991, or more probably
toward a combination of several of the scenarios studied. The main conclusion is
that it would be best to maintain the current flexibility to its utmost, in order to avoid
jeopardizing certain options now that could be of use after 2006. This particularly
applies to the continued research on the three themes of the law of December 30, 1991,
which the government is determined to sustain, as I have said, and which enhances the
flexibility of the current strategy. This leaves all possible avenues open for the
future, so that the decision-makers of the second or third decade of the coming century
will not be confronted with a dead-end situation.

Thank you for your attention. I am ready to answer your questions.
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Spent Fuel Management

by
Dr William L Wilkinson
President, British Nuclear Industry Forum

ABSTRACT

The two options for managing spent nuclear fuel, namely, reprocessing with recycle of
plutonium and uranium and direct disposal are discussed based on experience in the UK.

The reprocessing option is well proven. It is available now and operating well under
international safeguards. Direct disposal may prove to be technically feasible in the future.
The economic differences between the two are likely to be small and likewise the
environmental impact. So far as public acceptability is concerned the main issue is the
geological disposal of radioactive waste and this is common to both options. Long term
sustainability is a key issue and only recycling can achieve this.

The choice between the two will depend on many factors and utilities may come to different
conclusions depending on the individual circumstances at the time. Both options are likely to
be pursued in parallel over the coming years. It us unlikely that new developments will have a
significant impact on spent fuel management policy, at least in the medium term.
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Introduction
There are two options for dealing with spent nuclear fuel:

° the once through fuel cycle with no separation of plutonium and direct disposal of
spent fuel

o the separation of plutonium and uranium by reprocessing and recycle as MOX
initially in thermal reactors and, possibly, later in fast reactors.

Both are viable but opinion is divided. Some countries prefer direct disposal and others
recycling. The choice of the preferred strategy is specific to each country and depends on both
economics and resources as well as political considerations.

Some countries, notably the USA, believe that plutonium should not be separated from spent
fuel and that storage of spent fuel followed by direct disposal is the preferred strategy,
especially from a proliferation point of view.

Others notably the European countries (UK, France, Belgium, Germany, Switzerland) along
with Japan and Russia regard plutonium as a valuable resource and favour reprocessing and
recycling within a strict safeguards regime.

National strategies were in the main decided 20 or more years ago and once the commitment
has been made it is difficult to change in spite of the great changes which have taken place in
the nuclear scene in the meantime, notably:

° nuclear power is growing fast in the Far East but it is static in Europe and the USA
and has not fulfilled its early promise.

e uranium which was expected to be scarce and expensive is now cheap and plentiful
and enrichment is also cheaper than expected

° whereas great technical progress has been made in reprocessing and plutonium
recycling as MOX, the economic case for recycling in thermal reactors is not clear
and the future for fast reactors is uncertain

° there is growing public concern about the proliferation dangers of stockpiling
plutonium in spite of the excellent record of storing under international safeguards

This paper will discuss the various options for managing spent fuel bearing in mind these
various considerations.

Reprocessing and Recycling of plutonium and uranium

It has been claimed that reprocessing can be justified, at least in part, as a proven way of dealing
with spent fuel, ie as a waste management policy. This is because it allows plutonium and
uranium to be removed from the high-level waste and vitrification then converts this waste into
a form in which it can be safely stored and eventually disposed of.

However, the real justification for reprocessing is based on the recycling of the plutonium and
uranium into the fuel cycle to make maximum use of uranium resources.
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There is extensive experience in the UK on recycling reprocessed uranium back into the fuel
cycle. As for plutonium European reactors started using MOX fuel in 1963 and America first
used MOX in 1965. Over 400 tonnes of MOX fuel has been burnt in commercial LWRs and 34
reactors world-wide are licensed to load MOX fuel. Some 40 other reactors world-wide are
considering submitting a MOX licence. MOX fuel has performed at least as well as enriched
uranium fuel and no operational difficulties have been experienced. France, Germany and
Japan plan to burn about 100 tes of MOX fuel per year.

In the UK, Sizewell B, the LWR operated by British Energy, could utilise MOX, although it is
not presently licensed to do so. On a standard fuel cycle, Sizewell B could incorporate around
16 tonnes of plutonium over the remainder of its 40 year lifetime assuming 30% MOX loading.

The AGR reactors, also operated by British Energy are not licensed to burn MOX fuel, but there
does not appear to be any insurmountable technical difficulties with doing so. It is estimated
that they could absorb about 30 tonnes plutonium over their remaining lifetime on a standard

MOX cycle.

The Sellafield MOX Plant (SMP) of BNFL is due to operate in 1998 with a capacity of

120 t HM per annum for LWR MOX fuel. This plant is situated adjacent to the THORP
reprocessing facility and is designed to utilise plutonium direct from THORP that may have
been stored for several years. It will also be capable of receiving and using plutonium from
other sources and this gives the UK the facility to return plutonium to reprocessing customers
in the form of MOX.

Military plutonium recovered by the decommissioning of weapons could also be converted into
MOX for use in LWRs or FBRs. In LWRs it would be downgraded and rendered ‘inaccessible’
in spent fuel. In FBRs it could be consumed completely. However, fast reactors which have
been under development for many years are not likely to become commercially viable before
2030.

Direct disposal of spent fuel

With direct disposal the spent nuclear fuel is permanently disposed of intact without any
chemical separation of the uranium and plutonium. Prior to the disposal of the fuel in a deep
underground repository it has to be stored for several decades until its heat content has
decreased. The disposal facility would be similar to that for HLW and ILW arising from
reprocessing operations.

Whereas the technology of direct disposal has not been developed there would appear to be no

insuperable difficulties and work is in progress in several countries. Safeguarding plutonium in
spent fuel repositories over the long term could present problems.
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The Main Issues

The main issues to be addressed in deciding on policy for spent fuel management are
economics, waste management, sustainability and proliferation. These will be addressed ip
turn.

Economics

The economics of both plutonium recycling as MOX and the re-enrichment of reprocessed

uranium depend on many factors, notably on the price of new uranium concentrate and the cogt
of enrichment. At the present time uranium prices are very low compared with earlier forecasts
and enrichment prices have fallen dramatically as a result of new technological developments,

Under current conditions therefore the economics of MOX recycling in thermal reactors is
controversial. Reprocessing of LWR spent fuel solely to produce plutonium for recycling as
MOZX is not likely to compete with fresh uranium fuel. But given that reprocessing has been
carried out and waste stabilised in addition to the plutonium being made available, then the
extra cost of fabricating MOX fuel (as compared with enriched uranium fuel) might be justified
in view of the savings in uranium and enrichment costs. If MOX fuel fabrication costs are no
more than about 4 times the price of uranium fuel fabrication then this may allow a LWR to see
a small economic advantage in recycling MOX. Today MOX fuel costs are higher than this, but
increased MOX utilisation will bring costs down.

In the UK, the economics of burning MOX in AGRs will be less favourable than in LWRs
because of the lower enrichment of AGR fuel. In this case the savings in enrichment are much
less while the MOX fabrication cost penalty is greater than that for a LWR. Modifications to the
fuel route of AGRs would also be required. MOX recycling in AGRs is unlikely to be
economic unless fuel fabrication costs can be substantially reduced. This may be possible in
the future.

However, UK plutonium could possibly be leased or sold to overseas utilities as MOX fuel.
The MOX would be under international safeguards and, under article 4 of the Non-Proliferation
Treaty, it would be subject to end use restrictions. France, Germany, Belgium and Switzerland
all have reactors licensed for MOX possibly with spare capacity.

Waste Management

A common misunderstanding about reprocessing is that it generates considerably more waste
than direct disposal per tonne of fuel. This is not the case. Reprocessing and recycling reduce
the need for additional ore mining, processing and enrichment, and hence reduce wastes
generated by these processes. Taken as a whole over the complete fuel cycle this leads to less
total waste being produced from reprocessing and recycle than from direct disposal but this
factor is not greatly significant.

When considering only the volume of high and intermediate level wastes, which contain 99.9%
of the total radioactivity found in wastes associated with reprocessing, the volumes are
comparable with those for direct disposal. The wastes requiring deep geological disposal are
therefore about the same for both options.

I—4—4



Developments are in hand to further reduce waste volumes from reprocessing through
continuous improvement programmes and the application of new technologies.

Sustainability

Sustained economic growth on a global basis puts increasing demands on energy supplies and
the energy resources to meet these demands are finite.

Nuclear reactors consume only about 3% of the original fuel. Reprocessing enables unused
uranium and plutonium to be recovered and recycled whereas direct disposal wastes this
valuable energy resource.

If used in the once-through cycle in LWRs, the world’s cumulative natural uranium demand
will grow such that the known resources (about 3.3 million tonnes of uranium) of less than
$30/pound UsOg will be used up by around 2030 to 2040 and all the known resources (about 4.7
MTU) will run out by around 2040 to 2060. Then after 2110 to 2150, the world’s ultimate
resources (about 18 MTU), including the speculative resources that are yet to be proved, will be
exhausted.

If FBRs are introduced after 2030, the cumulative natural uranium demand will show an upper
limit less than half of the world’s ultimate resources.

However, the development of sodium-cooled fast reactors has been beset by technical
difficulties in the UK, France, Japan and elsewhere and fast reactors may well not become
commercially viable anywhere for several decades. Nevertheless fast reactors represent the
only sustainable long term option which could close the fuel cycle and optimise the generation
and consumption of plutonium as well as make best use of the world’s uranium reserves.

The above predictions are based on the WEC reference forecast to 2020 assuming that nuclear
power will continue to increase at the same rate thereafter. This is unlikely to be an accurate
forecast but it serves to illustrate the long term issue of uranium supply and the sustainability of
nuclear power.

Proliferation

The current policy for the management of separated UK plutonium is one of continuing to
accumulate and store plutonium for future use. There appears to be no technical reason to
change the policy. However, such stockpiling of plutonium is seen by many as posing a
proliferation threat, but experience under international safeguards has been excellent and there
has been no diversion of civil plutonium anywhere in the world.

The policy whereby plutonium stocks are kept to a minimum by balancing the rate at which it is
produced by reprocessing with the rate it is consumed as MOX has much to commend it.
Nevertheless there could be good commercial or strategic reasons to modify this policy and
allow plutonium stocks to increase. With high standards of storage under international
safeguards this can be justified.
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Concluding Remarks

The following conclusions can be drawn from the above discussion on the various aspects of
the spent fuel management options based on experience in the UK.

° interim storage of spent fuel is technically feasible even for the long term - it is a necessg
pre-cursor to either reprocessing/recycling or direct disposal and it maintains both optiong
open

° the reprocessing/recycling option is well proven and it is available now: direct disposal may
prove to be technically feasible. Both options are likely to be pursued in parallel over the
coming years and both could be operated without giving rise to an unacceptable
environmental impact

° economic differences between the two options are likely to be small and out weighed by
uncertainties in cost estimates and strategic/policy issues

° gustainability is a key issue; the world’s supply of economically recoverable uranium could
be exhausted within the next 50 years or so unless the policy for recycling with fast reactors
is adopted

° both reprocessing and direct disposal facilities are capable of being safeguarded and neither
option presents the main proliferation risk - this is likely to be clandestine plutonium or
highly enriched uranium production outside international safeguards

° so far as public acceptability is concerned the main issue relating to spent fuel is the
geological disposal of radioactive waste and this is common to both the
reprocessing/recycling and direct disposal options. Transport is also a concern, but as in
waste disposal the technology is well developed and the problem is mainly one of
perception

e the choice between the options will be dependent on many factors and different countries
and even utilities within a country may come to different conclusions depending on the
individual circumstances pertaining at the time

e it is unlikely that new developments will have a significant impact on spent fuel
management policy, at least in the medium term.
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Summary

Nuclear Fuel Cycle Back-end Policy in Germany

Helmut Engelbrecht, Preussen Electric Co., Germany
From the very beginning of nuclear industry in Germany up {0 today the nuclear fuel cycle back-
end was always in the focus of public and political interest. Due {0 the changing attitude towards
nuclear issues, strategic long-term approaches to provide closed fuel cycle services failed and
alternative solution had to be developed. With the increasing competitive pressure on electricity
generation, in future, only commercially attractive technics and services will have a chance to be
implemented. The challenge to German nuclear industry is to look for new or at least economi-

cally improved fuel cycle procedures without endangering the established industry routine.

International co-operation on fuel cycle issues, we trust, will help to give nuclear generation a

successful future.
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Nuclear Fuel Cycle Back-End Policy in Germany

Ladies and Gentlemen,

Before engaging into the subject | would like to introduce PreussenElektra to you, the company

which | am representing.
Slide 1

PreussenElektra is the second biggest utility in Germany, serving the North of our country.
PreussenElekira is shareholder in 8 nuclear reactors and is responsible for the operation of 5 of
these units. Therefore PreussenElekira has been involved in all nuclear fuel cycle
considerations in Germany so fér and is actively taking part in the discussion to shape the future

of this industry.

If you want to understand the situation of the German nuclear fuel cycle industry today, Ladies
and Gentleman, you have to be aware of its historic development. Therefore | would like to
introduce to you some of the important historic data that in my opinion are the keystones

essential for the understanding of the given situation.

From the very beginning in 1956 up to now German Nuclear Industry, German politics and even
public interest valued the back-end of the nuclear fuel cycle as strategic and therefore essential
for the viability of our industry. By the way this is even true for the nuclear opponents who have

concentrated their activities almost entirely to these subjects as well.

[M—6—2

PATEXTMIM\ENGELBREWNL81462.00C



As early as 1958, research on reprocessing of spent nuclear fuel started, mainly driven by the
chemical industry which believed by then that recycling of uranium and plutonium would create
great value. The first nuclear reactor was put in operation in 1961, in 1963 the first plutonium
fuel fabrication was launched, 1967 the final repository in the salt dome of Asse became
operational, on a test basis, and in 1971 reprocessing in the Karlsruhe plant started. So at the
beginning of the 70's the closed nuclear fuel cycle was a reality in Germany on a small pre-
industrial scale. It was common understanding that the nuclear industry would be developed to
become the major electricity supply source and that, in order to be independent of energy

imports, the whole nuclear fuel cycle industry had to be established in Germany.

Consequently in 1976 the German government asked the utilities to create a nuclear centre in
which all fuel cycle back-end activities should be concentrated. The site Gorleben was selected
because there an undisturbed underground salt dome promised to be suitable for the final
deposit for all nuclear wastes especially high active material. The planning included a
reprocessing plant of 1.400 t HM/a capacity, uranium and plutonium fuel fabrication facilities,

waste freatment and final disposal.

By theit it became obvious that the chemical industry had lost its interest in recycling, so that the
responsibility for the establishment of nuclear fuel cycle industry was given to the utilities, the
nuclear generators. In order to motivate them to establish the recycling industry rapidly the
government required - as a precondition for nuclear operation - the proof that spent nuclear fuel
could be treated properly. As evidence contracts or operating facilities had to exist that gave the
certainty that the fuel to be discharged in the next six years was covered. In order to fulfill this
obligation the utilities decided that in advance to the availability of the recycling centre in

Gorleben reprocessing contracts had to be signed with Cogema and BNFL.
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At this time of the development, nuclear industry in Germany had to experience the first
setbacks. Nuclear opponents received more public support than before. And even more
important, the expected growth of nuclear generation proved to be overestimated. Nuclear

industry had to adjust its capacities accordingly.

In 1979 the responsible politicians decided that the Gorleben recycling facility had to be

canceled due to a lack of general political support. Only facilities for interim spent fuel storage,

for spent fuel treatment and the final repository were considered politically feasible in Gorlebep,

The German utilities down-sized their national reprocessing capacity requirement to 350 t HM/a
to be built in Wackersdorf and decided - as substitute for Gorleben - to enlarge their pilot MOX
fabrication facility in Hanau to 100 t HM/a. At the same time they decided to develop the
process of direct disposal of spent nuclear fuel, in order to have this technology available as an

alternative to fuel recycling.

A detailed study was performed which demonstrated that from the safety perspective there was
no disadvantage in direct fuel disposal compared to the closed nuclear fuel cycle. Consequently
the German utilities in 1985 decided to plan and build the spent fuel treatment plant (PKA) in

Gorleben.

In 1989 the reprocessing project Wackersdorf proved to be much more expensive than
expected. At the same time it became obvious that Cogema's and BNFL's reprocessing facilities
could not completely be filled by the national reprocessing requirement in these countries. By
then the idea of the European Union - just a big vision in the 60's - seemed to be more and
more realistic, the goal of national independence on all nuclear fuel cycle issues was no longer

pursued. Therefore Germany decided to give up the Wackersdorf project. To fulfill the legal
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requirement, to prove six years in advance possibilities to take care of spent nuclear fuel,
additional reprocessing capacities in Cogema and BNFL facilities were booked by the German
utilities. A second very important event in 1990 was the German reunification. Even though all
gast-German nuclear generation was stopped after reunification, the Morsleben final repository
of the former GDR managed to get an interim permit to continue low level nuclear waste

disposal up to the year 2000.

The capacity in Morsleben adds up to two West-German repository projects, Konrad and
Gorleben. Disposal of radioactive waste in Germany is a federal state responsibility. All steps of
the fuel cycle are realized in private responsibility, except - with reference to the long time span
involved - waste disposal. Today forecasts show the volume for waste disposal available in all
three underground repositories exceeds the German demand. So from the utilities' perspective

there is a strong economic motivation to seek international co-operation on this matter.

Due to increasing political problems with plutonium utilization, a few years later in early 1994 the
MOX-fuel fabrication in Hanau was stopped, too. With this decision, all attempts to build up a
German recycling industry had failed. Consequently the German government changed the
atomic law in 1994, and gave up the legal preference for the recycling of nuclear material.
Today recyclin.g and direct spent fuel disposal both are legally valid back-end options for the
German nuclear utilities. So today only economic facts guide the decision which back-end

solution will be chosen for the discharged fuel.

| would like to draw your attention to a very interesting fact. | have mentioned many projects
which failed. Success was achieved with higher degree of certainty when nuclear projects were

based on international co-operation. Certainly international partners are no warranty against
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failure. But such multi-national nuclear projects seem much more resistant against locg| pol

objections than national projects are.

So keeping this historic development in mind, where do we stand today ? What are the

economic facts that guide the decisions ?

You are certainly all aware of the reprocessing techniques. Being partner in the co-operation

with BNFL and COGEMA | am quite sure we all rely on the same technical and commercial da

of reprocessing and recycling. The German considerations for direct disposal of spent nuclear
fuel might not be so familiar to you. Therefore | would like to briefly introduce this procedure tg

you.

Slide 2

The base concept for direct disposal assumes that the fuel assemblies discharged from the core
will remain in the fuel pond for a five year cooling period. Then up to 10 /HM are placed into
one transport and interim storage cask (publicly known as Castor cask). This cask will be

transported into an interim storage facility.

This cask storage is a dry storage, the fuel is sitting in a helium atmosphere. When the final
disposal of high active material will be possible, estimates today assume this to be 30 years
ahead, the fuel has to be handled again before being finally disposed off. Top and bottom
nozzle will be taken off. The pins will be pulled out of the structure and packed into a canister.
The canisters and the fuel assembly structure will be packed into a final storage cask (called
Pollux). This repacking into a new cask is required because the given technology does not

permit to bring the Castor cask down into the repository, due to its gross weight of more than

M—6—6

PATEXTMWIENGELBREWMNLS1462.00¢



120 tonnes. Even the Pollux cask taking up just four tonnes of HM, requires extraordinary shaft
technics, which had to be developed on purpose to download the gross weight of up to 80

tonnes which is expected for the Pollux final disposal gear.

gesides this reference concept there are a lot of flexibilities given thanks to the spent fuel
treatment facility (PKA) which has been built in Gorleben and which will get its operation license
in 1999. If nuclear power stations cannot provide spent fuel with 5 year cooling time, smaller
cask could be loaded and transported to the Gorleben interim storage. After cooling for some
extra time a cask reloading could be performed in order to optimize interim storage capacity

requirement.

A further flexibility offered by the given facilities in Gorleben is the possibility to pack the fuel
pins (with or without shearing) into a canister which matches the design of a HAW glass
canister, similar to those received from the reprocessing plants. Depending on the future
underground storage technics this step would allow a standardization of final disposal packages
and thereby minimize the efforts to handle the waste packages underground. Please note that
even though the spent fuel treatment facility is existing in Gorleben, the German utilities do not
intend to repack the fuel before the boundary conditions for the final disposal of high active
waste and fissile material has been defined. Especially safeguard issues have still to be

clarified.

Slide 3

So in comparison, direct disposal of spent fuel is a rather simple process. Its final

implementation is very much dependent on the final repository requirements it will have to fulfill.
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As long as these conditions are not known, direct disposal simply means long-term interim

storage of spent fuel.

As mentioned before as far as the back-end of the nuclear fuel cycle is concerned the Germgj

utilities are in a rather good position. They have the choice between two technically proven ang
legally valid alternatives. The choice due to increasing competitive price pressure on the

generation cost, can only be influenced by commercial considerations.

If you look at the historic development of nuclear fuel cycle costs, you realize that over the last
20 years the fuel cycle back-end costs have developed to be the major factor. In Germany 2/3
of fuel cycle costs are spent for the back-end. | trust that this situation is not too much different
in other countries, that are engaged in recycling. Certainly a big paﬁ of these back-end costs
are related to final disposal of wastes or spent fuel. For the German utilities, even though they
have to pay 93 % of the cost incurred for final disposal activities, there is hardly any chance to
optimize in this respect. Realizing final disposal of nuclear waste as already stated is a federal
state obligation, most likely we will have big overcapacities judged with respect to underground
storage volume, but there is no chance for a commercial optimization. Therefore, when deciding
on the back-end fuel cycle alternatives from the German perspective, the cost comparison is

excluding repository considerations.
Slide 4

As reprocessing has grown into a mature technical status, we already have seen price
reductions here. We definitely will encourage Cogema and BNFL to further optimize their
processes and reduce prices accordingly. Still unreasonable price levels are given for MOX

fabrication. In the near future, when given plutonium piles have been reduced there will be no
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MOX fabrication by German utilities unless there is a commercial incentive in doing so. MOX
sabrication costs of today, being 10 times higher than uranium fuel fabrication costs make

recycling prohibitive.

with respect to the interim storage of spent nuclear fuel, there are no big uncertainties either.
The problems in cost judgment are linked to so far unknown requirements that might arise with
defining the boundary conditions that spent fuel will have to fulfill in order to be finally disposed

off. Here a big range of cost uncertainties will remain.

But, we all should be aware, that if nuclear generation wants to survive in a competitive
electricity market, only price reductions are possible. In Europe already today combined cycle
gas generation on full cost basis is cheaper than the marginal costs of some smaller nuclear
power stations. So, the only way that the German utilities will use the flexibility which they
gained by developing alternative solutions for the back-end of the fuel cycle is to cut their

generating costs to be fit for competition.

So let me summarize:

=  On one hand the recycling industry is essential for long-term utilization of nuclear fission
based energy generation, is strategically important because it gives independence in

energy supply, but it is commercially attractive only if utilized on a big scale.

=  On the other hand direct disposal of spent nuclear fuel permits just the short term usage
of the given nuclear generation capacities, there is no strategic long-term perspective to it,

but big flexibility is achieved thanks to doing nothing but store the fuel. Therefore direct
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disposal today promises to be the low cost approach to solve the nuclear fuel cycle g

end.

What seems to be at first glance a thesis - antithesis situation already provides the synthegig in
itself. We all, | trust, believe in the benefits of nuclear energy generation. Therefore let's ¢o-
operate to give it a future. Nuclear generation has to prove its value in competition with fossi|
generation. To do this we have to reduce costs which is only possible if we use the already
given infrastructure. International co-operation opens the chances to do this on the big scale
necessary to reduce unit costs. Let's co-operate on all steps of the nuclear fuel cycle in order tg
reduce the projects dependence on local political considerations. We will benefit from the vast
international knowledge we have all built up in the past and by doing this we will gain much

more flexibility to cope with the multiple constraints our industry faces today.
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Presentation Paper

In-Soon Chang, Ph.D.
President
Nuclear Environment Technology Institute
Korea Electric Power Corporation

It is my pleasure to express at this session my views on back-end fuel cycle in

Korea, especially on radioactive waste management.
Current Status of Nuclear Power in Korea

Korea has twelve operating nuclear units, ten PWRs and two CANDUs. July 1,
1997 marked a milestone in Korea’s 20 year history of nuclear electricity generation,
when nuclear power capacity exceeded 10 million kW with the commencement of
commercial operation of Wolsong Unit 2, the second CANDU reactor. Also, Ulchin
Unit 3, the first Korean Standard Nuclear Power Plant (KSNP), was connected to the
national grid on January 6, 1998 and its commercial operation is scheduled for June
1998. Nuclear power is the major source of electricity in Korea and handles the
base load generating more than one third of the country’s electricity. Six additional
units consisting of 4 PWRs and 2 CANDUSs are now under construction, and 2 PWR
units are in the planning stages. The planned expansion of this nation’s nuclear
generating capacity is an attempt to curb the increasing dependence on fossil fuel

imports.
Radioactive Waste Management

However, proper treatment and disposal of radioactive waste have been a
national concern. Various state-of-the-art volume reduction technologies have been
adopted to reduce low- and intermediate-level radioactive wastes(LILW) from power

reactors. After a decade of unsuccessful efforts in search of a LILW disposal site,
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the government decided that the major task of the national radioactive g
management program should be transferred to the Korea Electric Power Corporat,

(KEPCO) in January 1997. Based on experience and technology accumulys

through the construction and operation of domestic nuclear power plants includiy
KSNP, KEPCO is implementing the national radioactive waste management proje

A disposal facility for LILW will be in operation in about 10 years from now.
Spent Fuel Management Policy

The national acceptability of a particular back-end strategy depends on
Government demonstrating a long-term commitment to nuclear power and providing:
a clear environment of a chosen strategy. In the context of the nation’s primary
objective to improve energy security and sustain economic development, the two

priorities are energy conservation and protection of the environment. Because Korea

has scant natural energy resources of its own, its economic development over the last
30 years or so has been fuelled by almost entirely by imported energy. It is not
surprising, therefore, that the improvement of national energy security is one of the
foremost objectives of the national energy policy. In nuclear power generation, the
achievement of national energy security is not, however, solely dependent on the
politics and economics of uranium procurement or front-end fuel cycle logistics.
Implementation of an effective back-end fuel cycle strategy which makes optimum
use of present and planned generating plants is a highly significant element in the
formuiation of policy in this area. Also, environmental advantages must be viewed
in the context of the complete fuel cycle. The national policy on the long-term

management of spent nuclear fuel is to wait and see for the time being.

As regards direct disposal, it is observed that despite the comparative novelty of
the technology involved and potential problems with regard to its public
acceptability, this route currently commands substantial international support. Some
nations have adopted this as the preferred spent fuel management strategy. To date,
however, there has been no commercial scale operation of direct disposal facility of

spent fuel or high-level radioactive waste(HLW). In the mean time, to provide
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flexibility in spent fuel management, MOX fuel utilization through international
cooperation might be considered. The legal and technical aspects related to the
storage, treatment and disposal of spent fuel are specified in the Atomic Energy Act.
According to this Act, the management policy is reviewed and determined by the
Atomic Energy Commission(AEC). AEC had decided that spent fuel be stored until

a decision of direct disposal or recycle will be made.
R&D Efforts

The major issues to be addressed in relation to direct disposal of spent fuel
concern the means by which man and the environment can be adequately protected
from the harmful effects of waste in a way to minimizes transfer of responsibility to
future generations. These problems should be resolved by R&D. Development of a
multi-barrier approach, waste acceptance criteria and repository design for long-term
isolation of radionuclides would all be included amongst the technical criteria to be
satisfied.  The long-term integrity of spent fuel or HLW packages needs to be
proven. R&D on deep geologic disposal has been conducted by relevant research
organizations in accordance with a long-term plan established by the Atomic Energy
Commission. Basic research programs on the following four areas have been
continued: performance assessment and disposal system development,
geoenvironmental study, engineered barrier development, and radionuclide migration
study. A joint research program for the development of DUPIC (Direct use of spent
PWR fuel in CANDU reactors) fuel cycle technology is also being conducted in
partnership with Canada, USA and the IAEA.
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Computers and Nuclear Energy
-Shojiro Matsuura
Vice President

Japan Atomic Energy Research Institute

DAbstract

‘Nuclear energy based on nuclear science and engineering, by
definition, falls within the category of quite a comprehensive nature
rangingnmltipledisciplines.Accordingly,developmentj11thenuclear
energy R&D takes so~to~-say a spiral course that once progress occurs
in certain individual fields of science and engineering other than
the nuclear energy, it evokes and prompts another development in the

nuclear energy, and vice versa.

Cne good example of this interactive process between the nuclear
energy and other fields is that with the computer technology. Both
computers and the nuclear energy born nearly at the same point of human
history, have, from the very beginning, worked as the driving force

to one another.

In this review the speaker presents the history of the interactions
between computers and nuclear energy with their spiral evolution by

three four periods of time, i.e.,
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(1) the first period, from 1960's through 1980’s, in which nuclear
R&D organizations played an aggressive role for the development of
computers, and the progress in the solid state electronics brought

the explosive computational capability available to mankind,

(2) the second period, the decade of 1990’s, in which nuclear R&D
organizations became to adopt, as their powerful means, real-time
and/or large-scale computations owing to the advent of high

performance computers,

(3) the third period, through present, in which nuclear R&D
organizations are proceeding into the new era of advanced
computational science and engineering based on the abundant

capability of massively parallel computers, and

(4) the fourth period, from now to the near future, in which the
computational demand in nuclear field is expected to play again a

locomotive force for development of new, very high speed computers.

Using the research results made by the Japan Atomic Energy Research
Institute, Power Reactor and Nuclear Fuel Development Corporation,
Central Research Institute of Electric Power Companies and others,
the speaker intends to illustrate the spiral evolution of computers

and the science and engineering in nuclear energy field.

1. Introduction

Nuclear energy is a subject of science and engineering in many
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different fields. Therefore, while development in the scientific or
engineering field urges development of nuclear energy, the necessity
in nuclear energy promotes development in related fields. This

relation enables spiral development of both fields.

As an example of such spiral development, I would like to introduce
to you today the relation between computers and nuclear energy. They
share their dawning era, the development of one is closely related
to that of the other, that nuclear energy has been acting as a
locomotive force of computer development. And I would like to introduce

some of the new worlds woven out by computers and nuclear energy.
2. Era of Dawning of Computers and Nuclear Energy

Computers and nuclear energy share their dawning era and since
have been developing hand in hand. In 1949, the U.S. Atomic Energy
Commission (USAEC) at that time strongly felt the necessity of high

performance computers, and supplied fund for manufacturing computers.

The computers produced at that time, which used about 2,000
electron tubes, only had performance of executing approximately 1,000

times of fundamental arithmetic operations per second.

In those days, the computer capability was very low compared with
the amount of calculations required for the research and development
of nuclear energy and, therefore, it was necessary to accelerate the
improvement of computer performances by using funds from the nuclear

energy field.

In the same period, the Japan Atomic Energy Research Institute
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(JAFRI) installed and started use of an electron tube type computer,
and this was the first electronic computer introduced in Japan. From
around this time, nuclear energy development organizations in the
world came to vie with one another in introducing world's fastest

computers, and this trend has been continuing up to today.
3. Explosive Progress of Computer Performance

As circuit components and memory of computer changed from electron
tube to transistor, IC (integrated circuit), LSI (large-scale
integration circuit), VLSI (very large-scale integration), the

performances of computers sharply increased.

When we describe the nominal performances of computers developed
during these fifty years in a graph which abscissa indicates age, while
the axis of ordinate represents nominal performances, we can £ind three

lines of performances.

The lines indicate for microprocessors (lower line), for
supercomputers (middle line) and for parallel computers (upper line) .
Anyone who draws the lines can easily recognize the facts that during
the period of these fifty years, the computing performances of
microprocessors increased more than one million times, and those
of parallel computers achieved as much as no less than one billion

times increase.

The contribution of such rapid progress of computer performance

to the nuclear energy may be expressed in the following simple

example.
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About thirty years ago, the best calculation made by computer was
one dimensional neutron diffusion equation for reactor core. Twenty
years ago, this calculation was made for two dimensional case and,
ten years ago, the calculation for three dimensional case came to be
made in minutes. At present, this calculation can be made at a speed

of near real time with a high speed computer.
4. Recent Computer Applications in Nuclear Field

With sharp progress of computer technology, multidimensional
calculations, real-time processing and large-scale calculations came
to be practiced frequently also in the field of nuclear energy.
Regarding real-time processing and large-scale calculations, let me
show you some examples of application centering around the
achievements obtained recently by the Japan Atomic Energy Research

Institute (JAERI) .

In the following let me introduce you two examples of near real

time calculation.
(1) Prediction of Airborne Radiocactive Materials

As an example of near real-time processing, we can show you a
calculation made for estimating the amounts of advection, diffusion
and deposition of radiocactive materials over two weeks in the
environments caused by the accident at Cherncobyl in 1986. The results
of calculation well agree with the measured values. Real time
calculations are necessary in case of an emergency which requires

quick responses, and these have become possible with recent
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development of computers.
(2) Design Assistance to ITER

This is also an example of real-time processing. At present,
design activities of international thermonuclear fusion experimental
reactor ITER are being promoted under a joint work by Japan, United

States, Europe and Russia.

The tiles used for the first wall of the experimental reactor are
very large ones, with a weight of four tons for each piece. The repair
work of the tiles must be carried out by remote operation because of

strong radioactivity in the surrounding area.

A simulation system of remote operation utilizing CAD data is
effective for preliminary analysis to be made before the actual repair
work. Moreover, it becomes possible to perform a repair work
accurately by executing a simulation in real time at the time of the

repair.
Next let me show you some examples of large-scale calculation.
(3) Shielding Analysis of a Large-scale Facility

The large facility Spring-8 for synchrotron radiation was
constructed in Harima, Hyogo Prefecture, Japan, jointly by the
Institute of Physical and Chemical Research (RIKEN, Japan) and the
Japan Atomic Energy Research Institute (JAERI) and was put into

commission in October, 1997.

It consists of a linear accelerator which generates electrons with
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1 GeVenergy, a synchrotronwhich accelerates the electrons to 8 Gev,
and a storage ring which holds the electrons for a long time. A strong
light beam is generated if the trajectory of the electrons is bent
with a strong magnetic field. Many kinds of researches are being done

by utilizing the light beam sources.

The generated light beam is led to experimental devices through
a channel called beam line. The room for experiment and the
surrounding area must be shielded sufficiently well because this beam
is a strong electromagnetic wave. If you consider a beam as a group
of particles, it takes an enormous amount of calculation time for
analysis of shielding of the room, but we could complete safety design
within a scheduled period thanks to a high-performance computer of
recent development. We also used a supercomputer Monte-4 for the
shielding analysis. The computer was designed and developed by JAERT

for high speed calculation of particle transport
(4) Human-shaped Robot in Nuclear Plant

As one of the means for automation of routine work such as
inspection patrol in a nuclear power plant, utilization of robot will
be useful. This is a simulation of a human shaped robot walking in
the primary compartment of the research reactor JRR-3 of Japan Atomic
Energy Research Institute (JAERI) located at Tokai-mura village,
Ibaraki Prefecture. Although not much calculation time is required
for the kinetic simulation of the robot motions themselves, it takes

an enormous amount of time for the calculation of interactions between
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the robot and the environments, especially visualization of
environments and calculation of spatial dose. This makes it possible
to estimate the dose of electronic equipment loaded on the robot, the

dose of organs of a person who executes the same work.
(5) Design Analysis of Sheath of Thermometer in Pipe of FBR

The Power Reactor and Nuclear Fuel Development Corporation (PNC)
has made computational analyses for investigation of the cause of
damage of a sheath of thermometer which incurred the shot down of the

fast breeder reactor Monju.

In the analyses the sheath diameter were separated in ten microns

and the calculations were done for a time step of one microsecond.

Owing to this resolution of fine mesh, the calculation exactly showed
vibrations and movement of the sheath in sodium flow, vortices caused
by the thermometer.

(6) Thermal Stress Analysis of FBR Structure

Let me show you one more example obtained at PNC.

The heat generated in the fast breeder reactor core is removed by
sodium flow. Near the outlet of the reactor core, swaying temperature
of sodium is transferred to the structural material. Therefore the

material is faced with the thermal stress.

A calculation analysis was done by making a model which consisted
of two sodium flows of high temperature (320 C, 2m/s), low

temperature (280 C, 2m/s) and a plate. The two flows were blown out
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from neighboring two nozzles separately and finally collided with the
plate. The calculation showed that the periods and widths of the flows
rapidly decreased according to the decrease of distance between the

plate and the flows.
(7) Prediction of Global Change

In recent times, much emphasis has come to be placed on development
and utilization of energies under the restriction of environmental
protection. For that reason, it becomes important to estimate the

influences of carbon dioxide emitted over a long period.

The Central Research Institute of Electric Power Companies
recently performed calcﬁlations for estimating the increase of
atmospheric temperature for a period of 125 years to come, by using
a supercomputer having 32 processors and with a calculation time of
200 hours. The calculation model and code is a combined atmospheric
& ocean model developed by the National Center for Atmospheric
Research (NCAR). This has become possible also with the advent of

high performance computers of recent development.
5. New Tidal Wave

With rapid and explosive increase of computer performance,
attention is being paid to a methodology called “ the computational

science and engineering”, CSE for short.

This is a methodology for understanding the structure of matters
and natural phencmena, not by experiments nor theory but from

calculations based on fundamental principles such as Schroedinger
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equation in the case of electron and atomic level, Newton's equation

for molecular level, Navier-Stokes' equation for fluid, etc.

Let me show you some examples of research and development which
utilize the CSE methodology. Following three R&D are such examples
which are being carried out at JAERI for prediction of phenomena by

using the CSE methodology.
(1) Introduction of New Boron Neutron Captured Therapy

The JRR-4 research reactor at Tokai Research Establishment at JAERI
is currently under reconstruction. In this reconstruction , which
is planned‘to be completed in July this year, amedical treatment system

for Boron-Neutron-Captured-Therapy (BNCT) is to be installed.

By using this system, it becomes possible to destroy a tumor formed
in the brain. While the treatment had been executed by opening the
patient's brain in the past, it becomes possible to make the treatment
without opening the patient's brain with the utilization of neutron
with higher energy, thus sharply reducing the burden on both the
patient and the medical staff. For that purpose, it is necessary to
accurately estimate the irradiation time, etc. Development of a
system for estimation is currently under way by utilizing high-speed

computer.

This may be said to be an example of joint development of newmedical

technology using nuclear energy and high-speed computer.

(2) Discovery of Mechanism of Air Bubble Generation in Coolant
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The Center for Promotion of Computational Science and
Engineering (CCSE) at JAERI is promoting a study for elucidating the
mechanism of movement of air bubbles formed in the cooling water of
a nuclear reactor, in cooperation with the Central Research Institute
of Electric Power Companies. If we can obtain accurate knowledge
about the amount of air bubbles, it has a significant meaning for the

safety operation of a reactor.

This study is being promoted by a method of comprising theories,
calculations and experiments. It consists of discovering of rules of
generation & movement of air bubbles through a long calculation time
using cellular automata on one hand, and building a theoretical model
for the generation and comparing the results with experiments bn the
other hand. This methodology of trinity is the most desirable style
of CSE. If the mechanism be elucidated, it will give us a possibility
of replacing the portion which has so far been supported by

experiment by theoretical formulae or calculations.

(3) New Method for Simulation of Nuclear Reaction
Simulation of nuclear reactions such as collisions of high
energy particles with other atomic element is one of the most

important applications of the methodology of CSE. The nuclear
reactions occur in short time of 10 to -24 power second, and it is

difficult to observe details of the phenomena by experiments.

For the purpose of the simulation, a computational method called

quantum molecular dynamics has been developed at JAERI.
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By using the computational method, we can estimate behavior of

such atomic elements as carbon-12, carbon-12, copper—-63 when they

collided with carbon-12, Niobium-63, gold-197, respectively.
6. New Development Plan for Very High Speed Computer
and Its Relation with Nuclear Field

Next, let me touch upon further speeding up of calculations and
new development of a very high-speed computer which are stirred by

requirements in relation with nuclear energy.

Currently available computers work at high speed, but their speed
is not sufficiently fast for calculating detailed climate change in
global scale or for composing substances fromatomic ormolecular level.
In recent years, conditions of environmental restrictions must be
taken into account also in the promotion of energy development, and
the relation between nuclear energy and environments came to be grasped
as a closer one than it was before. To advocate superiority of nuclear
energy, it is also necessary to quantitatively indicate the relation
with climate changes. For that reason, Japan Atomic Energy Research
Institute (JAERI) started development of a high-speed computer for
that purpose, in cooperation with National Space Development Agency
of Japan (NASDA). Nuclear energy is again acting as locomotive force
for the development of high-speed computer here. The results of this
development will provide a great power not only for the study of climate
changes but also in various fields of research and development such

as physics, chemistry, materials, physical properties, influences of
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radioactivity on living beings.
7. Concluding Remarks

What I want to say today is that advanced pioneering studies of
nuclear energy are led by computers and, conversely, nuclear energy
also acts as locomotive force for the development of computers, a
possibility that joint work between the two may produce scientific

and technological progress which will be realized in the very near

future.

T shall be happy if this lecture helps you to have a glimpse of

such facts.

Thank you for your attention.
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Unique Russian Technologies Related to Nuclear Energy
(Sergey Zykov, Deputy Executive Director
of International Science and Technology Center, Moscow)

Influence of Nuclear Industry on the Other Branches of Russian Economy.

Due to the historical peculiarities of our country development, the creation of nuclear industry was
first of all linked to the development of nuclear weapons. Under the extremely hard economic conditions
immediately after the end of the second world war the large scale activities were started aimed on the
emerging of completely new industry branch starting practically from zero level.

The priority of such political incentives as willing to obtain new type of weapons may, perhaps, be
unattractive from the panhuman point of view, but now 1 want to step apart from initial motivations and
to analyze the situation just from the economical point of view.

The science, formerly always suffering from the lack of funds and supported mainly by the rich
sponsors and minor government support of universities, suddenly found itself in the unique situation
where at its disposal appeared significant material resources and the almost unlimited support was
granted from the upper political level.

Unfortunately, the recognition of the science's ability to be a real source of economical prosperity by
itself, came to main business organizations much later than unique power of science was recognized by
politicians. Thus, first real significant investments into science were made mainly under the strong
political motivations.

The results appeared to be remarkable. Besides solving the "major task", it became necessary to solve
"on the way" a great number of supplementary problems not directly related to nuclear science and
technology. This "side-tasks" by themselves proved to have enormous internal potential capable of self-
sustaining development and extremely useful for other, non-nuclear applications.

The most impressive examples of such developments may be the emerging of computer technologies
initially oriented just on solving weapon design problems. Now it is impossible even to imaging the
everyday life of any ordinary citizen without computers or at least calculators. The other example was
the necessity of creating industry capable of producing adequate measurement and control
instrumentation. This led to the development of vacuum and semiconductor technologies that formed the
basis for the further commercial applications resulted in the modern boom in industrial and home
television, electronics, etc. The need for new chemical processes involving unusual aggressive and
exotic media gave a rise to the material science. Even such branches as medicine and geology, mining
and construction were greatly influenced by the "forced" progress in nuclear industry.

Even the electricity power production on nuclear plants itself was essentially the "byproduct”" of
plutonium production both in Russia and US. In this area we even have a sort of a paradox because in
case if nuclear reactors would be designed initially for the purpose of power production the final
concepts might be with high probability very different from the standard contemporary designs. In
particular, the uranium-thorium fuel cycle have in many cases serious advantages in comparison with
present uranium-plutonium standard inherited from the weapon era.

After the impressive demonstration of efficiency of serious investments in science its power became
evident already for wide business circles and for politicians already without any connection to the initial
defense tasks. Thus, the nuclear industry became the "birth point" for many scientific technological and
industrial applications that are now stand firmly on their own feet and their nuclear origin not so obvious.
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The Examples of Nuclear Related Technologies Implemented in RF.

In Russia all nuclear related technologies were initially developed in frame of Minatom structure (the
previous name of the Agency was Ministry of "middle machine building"). All activities in this branch of
industry were completely funded by the state budget. The majority of supporting infrastructure was
also incorporated into the Ministry.

The number of different technologies developed in frame of Minatom activities is too large even for
simple listing of them. I would like just to describe few of them. Some of the technologies will be
illustrated by video materials prepared at the marketing office of Minatom, the others will be just
mentioned.

Russian Federation was the pioneering state in the development of nuclear powered fleet. The
geographical layout of Russia made it extremely important to have the possibility of using Arctic Ocean
as a route for supplying Siberian and Far East regions. The role of nuclear icebreaker fleet for providing
such a possibility can not be underestimated. The natural continuation of the nuclear fleet development
was the emerging of the concept of floating nuclear power units for energy supply at the remote locations
where the construction infrastructure is absent and long power supply lines are not economically
beneficial.

The other example that may seem to be rather far from nuclear origin is the development of
superconductivity technologies. The way of superconductivity utilization from pure laboratory
applications to large scale industrial implementation was defined at initial steps by the necessity of
production of high power magnets for particle accelerators. The majority of technological developments
in this area in Russia are now concentrated in the Institute of Inorganic Materials named after
academician Bochvar. This is the leading Minatom Institute dealing also with fission material
technologies and waste disposal schemes.

One of the important civilian outputs from the military branch of nuclear energy research became the
development of precise explosive technologies. Now the specialists from Russian military research
centers (Sarov and Snezhinsk) are capable of providing services in such unique areas as explosive
destruction of outdated buildings, reinforced concrete basements; precise cutting of large metal
constructions (ships, submarines) by the so-called "cord-explosive" technology; effective borehole
drilling with explosive perforators, etc.

Development of complicated chemical processing plants besides other innovations required
application of different filtration procedures, sometimes in a very unusual conditions. One of the results
of such motivated research was the creation as a separate task production of a variety of filter materials
and devices. This materials include the range from the fabric filters for personnel protection against dust
and aerosols up to ceramic filters for aggressive media and nano-filters based on particle induced micro-
holes in different thin films.

The self-sustaining production brunch is now the manufacturing of radioactive sources for the large
range of scientific, technical and medicine applications.

ISTC and new technologies.

Global changes in the former Soviet Union led to the qualitatively new situation in the funding
conditions in scientific organizations. The governmental programs of scientific development were
dramatically reduced and a large number of scientists, first of all in defense oriented research
establishments experienced sharp reduction of governmental funding. At the same time the development
of private business in CIS had not reached the point when corporations are able to develop long term
scientific programs driven by potential commercial interest.

The potential risk of "brain drain" of the scientific and technical specialists from the defense related
areas was the major motivation for establishing in Moscow of International Science and Technology
Center (ISTC). The Center was established in 1992 by signing the intergovernmental Agreement by
initial Parties: European Atomic Energy Community and European Economic Community; Japan,
Russian Federation and United States.
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The main goal of the ISTC as defined in Agreement is to develop, approve, finance, and monitor
science and technology projects for peaceful purposes, which are to be carried out primarily at
institutions and facilities located in the Russian Federation and, if interested, in other states of the CIS
and Georgia.

The objectives of the Center shall be:

o To give weapons scientists and engineers, particularly those who possess knowledge and skills
related to weapons of mass destruction or missile delivery systems, in the Russian Federation
and, if interested, in other states of the CIS and Georgia, opportunities to redirect their talents to
peaceful activities;

e To contribute thereby through its projects and activities: to the solution of national or
international technical problems; and to the wider goals of reinforcing the transition to market-
based economies responsive to civil needs, of supporting basic and applied research and
technology development, inter alia, in the fields of environmental protection, energy production,
and nuclear safety, and of promoting the further integration of scientists of the states of the CIS
and Georgia into the international scientific community.

Now, on the sixth year of its existence and after almost five years of actual operations, ISTC is a
mature international organization with unique experience in managing R&D projects in CIS countries.
The Center supported projects enjoy tax-free status within CIS and have exemption from customs fees.
More than 280 CIS institutions and about 17000 specialists participate now in ISTC projects at different
levels. The overall funding has reached $160M and the number of supported projects exceeds 540.

Among unique features of ISTC projects are direct payments to individual project participants, full
transparency of any project activities even at the closed sites within Minatom. During past years ISTC
involved as funding Parties Sweden, Finland (now acting within European union), Norway, and Republic
of Korea (now finishing accession procedures). CIS countries participating in ISTC projects now include
besides Russia also Kazakhstan, Belorussia, Kyrgyzstan, Armenia and Georgia.

Initially ISTC was completely relying on funding from governmental sources, but now the Center is
actively developing Partner program aimed on the attraction of private and other funds from entities
interested in establishing business relations with CIS countries. In case of projects consistency with ISTC
goals and objectives the Center may provide Partners with its unique infrastructure adjusted to the
specific local conditions of CIS and that have proved its efficiency during more than four years of active
operations.

The completed ISTC projects (now it is about 40 of them) give an examples of successful
development of new technologies in the areas of environmental monitoring and remediation, safety of
nuclear reactors, production of stable isotopes and others. At present stage ISTC may be considered as
almost ideally adjusted infrastructure in CIS for the promotion of international R&D works at the pre-
commercialization stage.
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Session 3: “Fuel Cycle in Long-term View”

Toshiak Enomoto

Director,

Deputy Executive General Manager
‘Nuclear Power Division &
Engineeving R&D Division

Tokyo Electric Power Company

1 Nuclear Power in Japan: Its significance up to today--Effects of LWR

Although the situation surrounding nuclear power generation is difficult today,
power generation with Light water veactors has advanced very successfully in the past
several years in spite of some minox troubles, and their capacity factor has exceeded 80%
for the last 3 years. Our light water reactors have heen developed through a process of
introducing US technology, developing it into our own technology and advancing it
further with improvements and standardization. I believe we may be able to say the
technology is now stabilized and reaching a stage of maturity.

Oux country is a minor power in terms of resounces, and the preservation of enexgy
security or capacity of securing energy of necessary quantity at equitable prices has been
our earnest wish for long time. Since nuclear energy was considered as a means with a
high potential of fulfilling this desire of ours, we have aggressively promoted its technical
development, which, T believe, has borme fruit today. ,

It was hoped at the outset that nuclear power would replace fossil fuel in the near
future, and in fact, 1t played an important xole as a bargaining tool in procuring fossil
fuel, and even during the time when fossil fuel was available in abundance, as helping
stabilize energy prices,

2_ Significance of Nuclear Energy in the Future—Effects of Technical Innovation

In this way, the development and use of power reactors, of which the light water
reactor is the core, has demonstrated a certain accomplishment. Congidering the
potential which nuclear energy has as an energy source, however, I believe that we have
utilized ouly a very small part of it so far. I am of the opinion that nuclear energy has
the possibility of exhibiting much greater power, which may be called the effect of
“second-stage nuclear energy development’, through advancing technical innovation
further, in contrast with the merits we have enjoyed from what may be called the effect
of “first-stage nuclear energy development’,

Considering our future, the significance of the potentml of nuclear energy will never
diminish, even after light water reactor technology has matured. In order to malke full
use of such potential of nuclear energy, long-term efforts toward “ second-stage nuclear
energy development” should be made.

uclear En Devel

I believe the main points of this second-stage development are the further
enhancement of the economics and the expansion of the range of techmical development
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of nuclear energy.

(Our approach to nuclear energy development in this past)

During the early stage of nuclear energy development, emphasis has been placed on
the effective use of our finite resources and m order to swifily digest the technology and
to reap the benefit of our efforts from the energy resouxce point of view quickly. I feel
accordingly that we have undertaken the development by directing development efforts
toward a umitary ohject under a heavily protective system eliminating economic
competition. We can safely say thatitis owing to such system that we have been able to
accomphish safety and veliability at world-class levels.

(Economuc performance)

In my opinion, competition among various kinds of energy sources is intensifying now,
while the strategic significance of energy sowaces is relatively less apparent, though
temporarily, due to the dissolution of the Cold-War structure and economic globalization.
In order for the light water reactor to continue maintaining its important position in
future mm competition with other enexgy sources, we, the people in this business, will
have to make greater efforts in bringing about the competitive power of our technology
through creasing efficdency, streamlining and rationalizing the nuclear industry while
maintaining its levels of safety and rehability.

I believe basically that the light water reactor must survive under the market principle
through those efforts being made. On the other hand, how we should give nuclear
enexrgy a role in dealing with environmental problems is a new issue, which we will have
to fuxther examine in futuxe.

Tt 1s needless to say that the economic character of any new technology to be developed
and applied is an impoxtant factor in deciding its commercialization. The people who
participated in such development and application should always be conscious that it is
the task given to them by society to seek after its good economic pexformance while
maintaining safety, because commercalization of technology by the private sector can

only be realized when there is a prospect of that technology producing a value in society
and the market.

(The time allowed for our development work)

While the importance of possessing energy security, which is the ultimate ohjective for
the use of nuclear energy and also our earnest wish, has not changed in the least, the
urgency of attaining security seems to have lessened under recent conditions.  Although
these ave some unpredictable elements in the long term, such as the uncertainty of
energy supply conditions in developing countries, it seems that the allowable time scale
for fulfilling the ultimate objective of nuclear energy has been extended = We will now
have to use this thus granted time effectively, with a flexible stance, when the
development schedule of the fast breeder reactor itself scems to be delayed due to the
Monju accident and other reasons.

(Allocation of resources)
Even though we need to consider long time constant that nuclear energy development
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requires due to its nature, still we are able to say that we are granted an ideal
opportunity to re-examine the fundamental direction of such development. In order to
make the most of the potential power of nuclear energy, it will be necessary for us to shift
the weight of investment of financial and human resources from conventional electricity
generation to the solution of back-end of the fuel cycle problems.

(Re-examination of development targets)

I believe it necessary for us to ewploy a process of broadly swrveying useful
technologies, including those available from the results of recent technical developments
in pevipheral industries, and various innovations to be found in their supporting
engineering fields. Even technologies once abandoned in the past may be considered.
Then we can narrow them down to the most prospective technologies for our purpose
through technical study and evaluation, to redefine oux optimum targets in the course of
this process. We are demanded to meet the challenge of developing innovative
technologies.

(Need to gain understanding on spent fuel storage)

Tn the past, we were often criticized by figuratively comparing the present
development condition of nuclear enexgy development with “mansions without a toilet”.
It is meant to allude to the problem of not having established the means for treating and
disposing spent fuel. Ifitis only the matter of a toilet, the amount of discharged spent
fuel is extremely small in the fixst place, and at least one method of reprocessing is being
demonstrated in the U K, France and Japan., Globally, the methods of disposing of
vittified solids and spent fuel are alveady techmically established, and a business entity
to undertake the disposal of high-level waste is scheduled to be established in 2000. We
can say that we already have the technology to treat and dispose of spent fuel,

I believe the problem is to build a consensus as to whether 1t is the best method to
respond to the trust of future manlkind, or whether it 1s best to do it now for the people or
broadly for mankind. For this problem, we need to present before the people as many
options as possible. In consideration of the time required for study amnd consensus
formation, it will be necessary to gain understanding on storage of spent fuel for the
immediate future.

(Tnternational cooperation)

Even though we are endeavoring to establish a country mich in high-level technology
of owr own, still it is important under globalized economy, to undertake technical
development efficiently through intemnational cooperation for commercialization of
technologies. By this way, developing technologies which include otr own technologies
as the core, those would be applicable in many places in the world. Many of the various
issues our nuclear industry faces today are issues we face in common with other
countries. It is considered important also to study specific measures to solve them
under international cooperation.

(Scrutiny of R&D)
Such technical development needs to be wodertaken with stable and unyielding
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efforts from a long-term pomt of view. This in tum will mean, however, that such.
process by its nature 1s difficult to subject to the sorutiny of the market.  Accordingly,
continuous auditing by uncompromising eyes, including those of outsiders, as to whether
such development is being performed rationally and efficiently, 15 considered essential
for sound technical development. At the same time, I feel it necessary now to have a
system in which all the parties participating 1o the development of techmology
adequately share risks so that pricecompetiive techmologies cam be developed
autonomously. There will be an increasing number of cases in which Japan finds itself
on the frontier of technical development in the futuxe. It is necessary that a system be
provided for the one who is taking the lead to choose and keep useful technologies and to
unhesitatingly suspend development of techmologies wnworthy of continued cfforts
without regard to their history through a continuous techmcal evaluation process.

(The role of the govermment)

It is also expected that the public sector, including the government, as part of an
important energy policy, will shoulder a central role in the promotion of the development,
of such large-scale technology. Also 1t 15 hoped. to positively participate i resolving
political issues invalving conflicting interests between the central and local areas, such
as with siting, and in finding a way of symbiotic application of nudear energy, as
strongly asked for by sodiety.

Ihelieve it necessary for us to sketch out our vision once again to be prepared for the
second stage of nudlear energy development and to draw up our strategy flexibly without
sticking to the estension of the past through effective use of the time allowed us, closely
watching the future movements of the energy market.

4. Summary

Nuclear energy alveady has significant implications in energy supply conditions
supplying 17% of the world’s energy today. It is also true that we utilize only a small
part of the potential capacty of nuclear energy today. The situation surrounding
nuclear energy is anticipated to continue to be difficult for some time to come.  Added to
such difficult situations are many issues and changes expected to emerge in its
environment, such as economic globalization, devegulation of electric utility business,
reorganization of central government offices through administrative reform and global
environmental problems, While we are in an age of transition, the importance of the
role given to nuclear energy shall not alter in the least in going into the next century. 1
believe we are required to do our utmost to make a brealkthrough, but without prejudice
with respect to past technologies, making the best use of the time granted tous. We
should not regard transition as a burden but rather as an opportunity providing us with
latitude, and we need to joan our forces toward the second stage of nuclear energy
development after putting ourselves back at the starting point again.
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