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          Remarks fox the 3ast JiMF Agaitesal Ceitfereitee

                                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

32st JAIF Annual Japan Conference.I am the chairman ofthe Japan Atomic

Industrial Forum, Takashi Mukaibo.

As the chiefrepresentative ofthe organization responsible for the conference,

I stand before you today to deliver an opening address. Before I begin,

however, let me first expMess my heartfek thanks fbr the grreat number of

participants in the conference, both from Japan and abroad.

Well, I believe that most people aye aware that Japan now stands on the

verge of another tuming point in its history. Since rising from the ashes of

the Second World War, the nation has developed to the poine where it

occupies aR impoTtant position in the world economy. In the past fifty years,

the structures and systems in Japan have played an extremely important

role in ehat development.

However, the new winds of internationalization and globalizaeion have now

eompelled changes, somehow, to be wrought in those seructures and systems.

While they naturally include reforms in politics and the national

bureaucracy, we must also engage in a broadeT range of reform in ehe fields

ofeconomics, education, and even academism.

In the area of nuclear energy developmene, the generation of electricity by

light water reactors (LWRs) is advancing smoothly in JapaR, with their

having attained the status of a major electricity source that is both

economical and safe. Moreover, the broad use ofradioisotopes and radiation

has gained an important foothold in the lives ofthe people, especially having

shown brilliant progress in the field of medicine. These are truly the fruits of

many years ofefforts by the people involved in the development.

O-1-3



Meanwhile, there are many tasks remaining for us to deal with, including

the establishment of the back-end of the nuclear fuel eycle and . In the

process of that development, though, several unfortunate incidents have

occurred in the past few years that serve to underscore a certain faet. That is,

even the field of nuclear energy, which has prided itself for being at the

forefront ofthe times, is no stranger to the systemic exhaustion that plagues

Japan, such as in the field of crisis management.

In erder to grapple with such tasks as the establishment ef the back-end of

the nuclear fuel cycle and, it is important te get the new nuclear fuel cycle

development organization -- established to succeed the Power Reactor and

Nuclear Fuel Development Corp. (PNC) a$ part of the refbrm process -- up

and running smoothly. But our effbrts 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 iR 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 Tokye 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

invelved in the reforms of PNC by chairing its directive committee. I am

deeply appreciative ef Dr. Yoshikawa's having agreed to serve as progrram

committee chairmaR despite his extremely busy schedule, which includes the

presidency ef 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: NewChallenges--wecanarguethattheissueofglobalwarmingis
ene that everyone involved in energy must grapple with. While some people

point out that there is lto firm scientific evidence for global warming, it is
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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 gtreenhouse gas

eraissions during the pewer-generating stage. JAIF is endeavoring
                   tstreRuously to present this idea to the public, both to Japanese and overseas

audiences, with ehe coeperation of nuclear energy interests worldwide. As

fbr technological issues that still need to be resolved, oRe 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 divisien of

labor for these grand projects.

As professionals involved in the nuclear industry, we are already convinced

of the lateRt potential of nuclear power technology. However, we may have

been lax in shariRg that feeling with the common people, failing to

understand their worries and concems. JAIF will strive eveR 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 refiected in that process. Our aim is to carry 6ut 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 fbrum for the

exchange of opinions among the public. For the first time, also, we have

erganized a "young generation's forum" to hear out the opinions of the young

people who will take charge of nuclear power develepment in the future. I

really look forward to a brisk exchange of epinions 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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31囲原産年次大会
子力委員会委員長代理所感
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　本日，第31回原産年次大会が、内外から多数の方々の御参加

開催される運びとなりましたことをお慶び申し上げます。ここに至

大会準備委員長はもとより，大会の開催に尽力された多くの方々

欲第です。

皆様ご承知の通り，日本はその資源に恵まれ「凱狭い国土に多くの人が住むと言う自ら

の宿命を克騒すべく，また原子力の開発を瀬して世界に貢献すべく，原子力開発に着手t《

40余年を経過しました。その間国民の理解と支援に支えられて顯調に発展し今や艮本

は世界の原子力先進国の仲間入りを果たしたと，自他ともに認めるようになりました。そ

の結果我が国の原子力政策や原子力開発への取り組みは必然的に世界的視野が求められて

います。　アジアの一隅胤平胸利用に専念してきた欝本は，冷戦構造が崩壊した現在の

状況をとらえ、21世紀に入類が平蜘と豊かさを求めて自然と共存し，調和のある文臣を

築いて行く上で、原子力に何が期待されるかを考える時期に来ています。

世界は産業革禽以飛築き上げてきた化石エネルギーの文明が，その幅出側の問題に

三瓶曲がり角を迎える中で自然との調掬を図る環境論的視点を重視する文萌への転換

を図っています。人類文明を支える総合科学技術に育つ可能性のある原子力もこのよう

な世界的動きの中で自らの研究開発の方向を定めていくことが求められています，

その中心課題の一つが地球温暖化防止における原子力の役割です、

昨年12月京都で開催され惹「気候変動に関する国際連合枠組条約第3回締約国会議』

俗称（COP－3）においてぽ温室効果ガス削減に係る数値目標が盛り込濠れた議定書

が採択されました。これに課せられた責任を果たすことが，特にエネルギーの大量消費国
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において喫緊の課題で肌エネルギー大量消費国の一つである日本においても広範な政

策分野にわたる対策と国民各層における取り組みが必要とされており、省エネルギーなど

エネルギー需要側の努力はもちろんのこと非化石エネルギーの導入促進が不可避の選択

になっております，

このような要求に原子力がどう応えるかが今問われていると申せましょう。確かに、原

子力発電はすでに我が国においても安定したエネルギー供給源としての地位を確立してお

り、資源の有限性と偏在性に見られる、エネルギー供給構造の脆弱性を解決すると言った

資源論的観点に加えて炭酸ガスを排出しない原子力は環境論的観点からも期待が深まっ

ていま凱

原子力委員会は1956年以降その原子力政策の中で一環して原子力発電の開発と

ともに、安全確保の重要性と核燃料サイクルの確立を訴えて来ています。　炭酸ガスを排

出しないのは確かに大きなメリットです爪それだけでは決して十分ではありません。

炭酸ガスにくらべてより日常性に乏しい、放射線と放射性物質の扱いに真摯に取り組み、

国民に安心して原子力に接してもらえるようにすることは、原子力に対する国民の理解と

支援を得る上で不可欠なことです。

核燃料サイクルの確立は資源論と環境論の両者が原子力に求めるものを同時に達成す

る上で避けて通れないものです。

ここで核燃料サイクルの確立と安全確保に関連した最近の動きを見てみましょう。

原子力委員会は核エネルギー資源をリサイクルして資源の有効利用を図ることと、放

射性廃棄物の量を減らし、環境から隔離すること恩環境負荷の低減を図ること凧原子

力を長期にわたって安定的に利用する上で不可欠なことと認識しこれを積極的に推進す

る事を委員会決定や委員長談話の形で表明してきました。

しかし不幸なことに、動燃の文殊におけるナトリウム漏洩に始まる一連の出来事とそ

の不適切な処理と対応は社会に大きな衝撃を与頭国民は今までの原子力開発がそのまま

0－2－2



新しい世紀に弓き纒がれるものではなく、この段曙でその目的理念から開発体制まで全

体にわたって、再確認することを求めました。これは「安全から安心へ」に表現されるよ

うに，安全最優先の確認と情報公開の要求に現れています。　また核燃料サイクルの重要

性に関して原子力開発の全体像と長期展望を提示する中での位置付けを求めています。

このような認識のもと動燃の抜本的な改革を行うこととし現菰事業の重点化や経営

機能の強化を通じて社会に開かれた体制作りの作業が進められています。本年2月には動

燃を「核燃料サイクル開発機構」に改組する法案が国会に提出され、4月14日には衆議

院で可決され参議院において審議がおこなわれることになっています。

核燃料サイクルの確立ば　21世紀の科学技術こ問われる条件を満足し文明に貢献出

来る原子力の基本的課題に挑戦する大きなテーマです。薪法人が世界でもまだ達成されて

いない核燃料サイクルの確立の持つ意義を十分認識し、その開発を通して社会の期待に応

えてくれることを心から期待するものです。また同時に国民各位がこの硬究開発の持つ意

味を十分理解され支援されることを望んでいます。

一方国策民営で特徴つけられる日本の原子力で、　プルトニュームの軽水炉利用や、

青森県六カ所村における再処理工場の建設使用済み核燃料のリサイクル資源としての貯

蔵等が目下の核燃料サイクルを促進し、またゆとりを確保するための重要な方策であり、

官民の役割分担と’協力によって国民合意を図り、着実に進めていくことが大切です。

近年国民の聞に関心が高まっている高レベル放射性廃棄物の瓦餅処分に付いて｝嵐そ

の着実な対応がきわめて重要であると認識し専門部会と懇談会を設置し、原子力の専門

家に限らず、各界のオピニオンリーダー等々のご参加を得て審議を重ねて参りました。処

分の技術的検：討で｝嵐、2000年までに技術的信頼性等を示すことを目指した研究開発

続けられています。一方、社会臨経済的側面についてもこれまで審議を続ける一方、国
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民各層の意見を求め℃日本の各地で懇談会を開催して来たところで凱　近く報告がま

とまる段階 こ来ており，それこ基付いた実施体制や騒要な制度の整備を着実に進める努力

をして参ります、

さらに，核燃料サイクルの将来の確立 こ取って大きな存在となる高速増殖炉 こついて

は，高速増殖炉懇談会を設置して国民各層のご意見も伺いながら，審議を進めてきた結果

昨年！露月に報告書が竃とめられま1した，高速増殖炉が将来の非化石エネルギー源の有力

な選択肢であるとの報告書の結論を尊重し放射能消滅による環境負荷の低減能力にも期

待をかけてその実用化の可能性を模索し，研究蘭発を進めて参りま凱その際高速原型炉

文殊は有力な研究醐発のツールになります、文殊こ付いては万全の安全確保対策を施し、

地元の方々の理解と支援を仰ぎながら，段階を踏んで着実ご対応を進めて参ります。

さ℃今後の日本の原子力を語るに当たって国際的視野は不可欠であります。臨本は

原子力露発の当初よの，核拡散防止には積極的姿勢を示してきましたが，弓き続き核不拡

散条約（NPPT）に基ずく国際的責務を識実 こ履行するととも こ，補償措置の強化効率

化方策についてのIAEAとの協議を着実に進めて参りま飢また世界的に核軍縮を推

進するために包括的核実験禁止条約（CTBT）による国際的な核実験禁止の枠組みが

早期に実現されるよう努力していくとともに、我が国としても弓き続き国内体制の整備を

推進して参ります、

原子力の安全に関して1嵐原子力の安全に関する条約の実施により、高い安全水準が

世界的に達成維持されるよう積極的に貢献するとともに、使用済み燃料管理の安全及び

放射性廃棄物管理の安全に関する合同条約についても，早期に締結できるよう検討を進め

ているところです。

さらに大切なことは，日本が原子力心胸利用の先進国としで世界の原子力の平和利

用こ積極的に協九貢献する事でありま飢平和利用の推進と安全向上への貢献は近隣ア
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ジアの国々が自らの原子力開発を進める上で日本に強く求めているところで肌アジア諸

国との協力は此までの実績に加えてさらにいっそう主体的取り組みを必要としています。

協力するかしないかが問題なのではなく，どうずれば成果があげられるかを考える段階に

至っていま凱

謬りに

此までお話しし聞したように社会から提起された問題の解決への努力は次第に嵐形を

整え来るべき21世縄に向けての躍動が原子力の世界にも選りられるようになってきま

し臨確かに，饗しい科学技術を社会に導入していくのが決して容易でないことは歴史

の示すところでもありま肌しかし原子力開発の全体燦と長期展望を明確にして分かりや

すい形で国民に提示説明し理解と支援を求める努力が国民とともにある原子力には必要

で肌　　此までに学んだところ1蕊accountabiihtyとともに正eade

rshipの重要性であります。事業主体の裁量権と当事者責任あるいは国民合意へ向

けての議論の中でアカデミアの果たす役割等に期待がかかっています。これらは先進国の

研究開発では当然のことといえるのかもしれません，

原子力政策決定への国民参加ぽ原子力政策円卓会議から出発して原子力委員会の公

臨専門部会や懇談会の公開，意見公募等を通じ℃定着してきていま祝　　新円卓会議

については諸般の事情で遅れましたことをお詫びし，可及的速やかに開催する事とします。

さらに、21世紀にいっそう高い段階に移行するであろう原子力につい℃その目的と

理念は何力＼政除経澱社会にどう調和していくかなどの議論をおこな似将来へ向け

て原子力の研究開発及び利用につい℃その目的内容を明らかにしガイドラインと現実

方策を示すことが求められていま肌皆様はすでに私の言わんとしていることが近い将来

具体的は議論や審議につながっていくことを御賢察のことと思います。

皆様方におかれましても、今後よりいっそうの御支援、御協力を賜りますようお願い
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申しあげるしだいです。

最後に、本年次大会が実り多き大会となること祈念致しまして私の挨拶ととさせていた

だきます。御静聴ありがとうございました。

　　　　　　　　　　　　　　　　1998年4月20日

　　　　　　　　　　　　　　　　原子力委員会委員長代理　　　藤家　洋一

0－2一・6



  St3tws aitd Prgspecg eff Ckiit3's Nacgekr Pewer PTegmaKga

                   Jiaitg XggexfioRg

                     Presldiene

          Ckgita Natigitat Ng£g£ar Cgmperati@ee

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 Iocated 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 Iarge

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 21OOMW, accounting for1% of the national

total.Under construction are 4 NPPs (8 units) with capacity of

6800MW

China's energy poljcy js to optjmize structure of fossjl-fueled

plants, to develop hydro powerwith 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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  Sgaeees ngmdi Pff*sgeecg $ff ¢kEeek's Nee£aegeff ge*w£ff Pff*gffaffgp

                   gRgeeeg XggexR*geg

                      Pffesgdiegee

          ckggege NgegggggtsE Ngeecgeeff c$ffge*wagR*ee

Mr. Chairman,

Ladies and gentlemen,

I am pleased to be invited by the JAIF to parti£ipate iR the 31st

Annual Conferenee of the Japan Atomic Ind"stry Forum te meet

many old and new fuends. I would like to express my thanks to

the Japanese host for the invitation, and my respeets to Japan

Atomic Ind"strial Ferum for its excellent organizatienjob for the

CoRference, and I wish the Cenferen£e great su£eess.

I really appreoiate the opportunity ofexehanging our views. Now

I would like to brief on the o"rrent status and prospeet of China's

nuclear pewer program.

I. China's Need for Nuelear Power

China startcd up nuclear power program in eariy 1970's with two-

fold need behind: we need to make peaceful use efRuclear energy;

the coastal east China needs nuclear power supply.

China has uneven distribution ofuRrenewable energy resovirce in

terms ofthe natienal geography. Chilta enjoys rieh coal resource,

main part of which is le£ated in the Rorth. The hydro reso"rce is
!ooated in the west aRd sok}thwest. rl]he densely populated and

economically developed casterR eoastal proviRces, short of

energy resour£e, have increasiRgly large demand for power
supply.

ChiRa mainly depends on fossil fuei power supply with a

proportioR of 81.5%. If the eoastal proviRees in that area
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oontinue to eount oR their fossi}-fueged plants, a great deag of

ooal will be transported across the loRg distanee froffi the Rorth

to the south, £a"sing gfowing stress on tr3Rsportation 3nd

environment.N"clcar power is a £gean 3nd effi£ieitt encrgy
resourGe. The option of devegoping nzgogear power oi3 the

southeastern eo3st is the nced of eeoftomy and the logieag pewer

supply str"£ture. For these reasens, the first twe NPPs gf
mainland of China are loeated irk the eeast3X So"the3st.

II. Cgrrent Status of China's NP

In mainland of China, two NPPs are iR operatigR 3rd ag NPPs( g

reaetors) afe under construet3oft.

2.R [g"wv* NP?s gee @geeffntS*ge

Qinshan NPP
Qinshan NPP, loeated iri Hangzhou Bay g2ekfxk so"thwest to

Shanghai, is a 3eOMW PWR ljnit with sevareXkrgt desigit,

construction and operatioR. Since pggt iRte commer£gaE epex'ktieR

in 1994, has eajoyed seund re£oyd, with the load faetof ef 3rgvsnd

80% duriRgthe past 3 years.

Daya Bay NPP
Daya Bay NPP, loeated in D3ya Bay area 6S kskk east to Sheitzhefi,

has 2 900MW PWR gnits imported from Fvan£e. Since ptgt iRte

operation in February aitd May, l9eq, the iead fa£tor h3s
remained areund 7S%.

With years of NPP operation, we trained rK]anagefgkeRt aitd

technical personnel and a£eumu}ated vaiu3bEe experieRce anCl

lessons.In l997, the tetal geiierated ege£tri£ity in Chin3 ameunted

to 1,13S billien kWh, ef whieh nvselear power aeeeigwted for

l.27%, amounting to }4.4 billion kWh; the tetal i"stalled £apa£ity

exceeded 250 GW, with neg£geaf pewer 2.IGW, whi£h 3£eounted
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for O.84% of the total. So far, the n"clear power accounts fbr a

minor part in China's power generation.

RR. 4 NP?s eekdiecr C@gesgifee£tg$ge

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, Gviangdong Lingao,
Qinshan Phase III and LianyuAgang 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 selSreliant design and construction, and some
equipment imported from fbreign countries. The first concrete

pour was on June 2, 1996; Unit l is expected to be connected to

the grid and generate electricity in 2002.

Guangdong Lingao NPP, 1 km west ofDaya Bay NPP, includes 2

French-designed PWR units with total installed capacity 2xl,OOO

MW. The design and equiprnent necessary fbr the project are all

supplied by FreRch. The first concrete was poured on May 15,

1997. The constr"ction is now proceeding as scheduled, and the

plant will be fu11y 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 CanadiaR

export credits and comrnercial financing. The first concrete will

be poured iR June 1998, and the plant is planned to complete and

put into operatioR in 2003.

LiaRyuRgang NPP, located in LianyuRgang area 300km north to

Shanghai includes 2 Rgssian-origin improved WWER-IOOO 91-

type PWR units with a total installed capacity 2xl,OOO MW. The
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design ofthe project and the main equipment for both Ruclear and

conventional islands will be supplied by Russia, and some

equipment procured from other countries, including digital I&C

fi'om German Siemens. ARd the ChiRese 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 commerciai 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 fbr China's Nuclear Power Development

Per capita installed capacity of power generation is rather low in

China, oRly O.18 kW in 1997, one third ofthe world average level,

which is far from meetiRg 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. ConstructioR 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

area needs nuclear power development.

coastal

China's energy policy is to optimize structure of fossil-fueled

plants, to develop hydro power with maiR effbrts and to develop

nuclear power to a comrnensurate 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 optioR for the coastal

area lacking in coal and hydro resource. Nuclear power expects

fast growth in China for Rext ceAtury.

The 9th National People's Congress hasjust concluded in China.
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The new government will work out the national energy
developmeftt planning. Whatever scale China's future nuclear

power development is, the following factors will be eonsidered:

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

With nearly 20 years' efforts, we completed 2 NPPs and 8 n"clear

power reactors are under construction. China has exported, in

turR-key form, a 300 MW PWR NPP to a neighbor £ountry. A
stroRg managemeRt and technical team specialized in nuclear

power design, research, construction and operation has been

fostered. This is the base and task force to oontiRue our nuclear

power program. We will utilize the techRical force to fu1fi11 new

developmeRt.

In past 20 years, with the nuclear power growth, a complete PWR

fuel cycle has beeR established.

2)Localization aRd Standardization

Problems exist despite the great aohievements iR China's nuclear

power program in recent 1O years. One problem involves diversity

ofreactor types.We have both LWR and HWR types. Among the

LWRs, there are selfidesigRed 300 MW and 600 MW units, and

1 OOO MW units introduced from France and Russia.
 '

Localization and staRdardization of Ruclear power construction

must be realized in China for the sake of further developmeRt of

nuclear power in the next ceRt}iry.We failed to form a nuclear

power industrial system that fus in with China's realistic

coRditions. For a developing country like China, the failure to

centralize the use of o"r limited hurnan resource and funding

source is not favorable to nuclear power sustainable growth.
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In order to lower nuclear power construction cost, shorten the

coRstruetion period aRd eRsure the sustainable nuclear power

growth, China must take the localization and standardization

approach togoaheadwiththe21steenti2ry'sdevelopement.

3) To adopt advanced and proveR nuclear power technology

The constructioR of 4 additional NPP prQjects ( 8 nuclear power

units) is seheduled for the 9th Five-year Plan Peried (1996-2000).

For the developmeRt plan after the year of 2000, the new
governrnent wili work out planning.To optimize China's energy

structvire, nuclear power must cover a reasonable proportioR in the

power generation. According to the estimates of experts, if the

nuclear portioR would be 5%,the nuclear installed capacity will be

30 GW and 40 GW in 2010 and 2020 respectively. Butthe
nuclear installed capacity of the 11 reactors operated and
constructed at present amounts for only 8.7 GW.

Principal technical guideliRe for China is PWR type as the major

selectioR in China. It will Rot be changed for the future. The NPP

for construction in the 10th Five-year PlaR period (2001-2005)

might not be the new generation advaRced NPP but surely it will

be improved and technically proven type and gradually
transitioned to Rew geReration advanced NPPs. China does not

buiid untested prototype reactor with no operation records. We

will adopt advanced but proven nuelear power technology.

Nuclear power technology,just like other technologies, develops

and improves contiRuously and the perception ofnuclear power is

also growing. We will fbllow up on the world nuclear power

technology treRds.With the te£hni£al guideliRe of PWR as the
major type, we do not discriminate agaiRst other nuclear power

technologies with distinguishing safety, advanced aRd ecoRomic

merlts.
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4)Selfreliance as the main effort plus Sino-foreign Cooperation

The on-going reform and opening-up policy favors China's
nuclear power program. Actually, the successfu1 nuclear power

program benefits from this policy. Qinshan NPP is our first self

reliant designed NPP. Sorne of the important equipment was
imported frorn 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 eajoyed cooperation with foreign firms

ef(iectively.

With Rearly 20 years' hard work, China has built certain strength

in nuclear power industry. We still stick to the principle of selfi

reliaRce as the focus plus Sino-foreign cooperation.

China's nuciear power market is open to foreign companies to

participate in our program. We will continue to need intemational

cooperation. Then we will select foreign partners based on the

fo11owing priority factors:

l. technical scheme to fit in China's reality

2. helpfu1 to China's localization goal

3. advanced and proven technology

4. favorable financing conditions.

5. economiccompetitiveness

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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             Tke gewttwe ofNxefiear ?gwey tw Frait¢e
                      Yannick d'Escatha
          Administrator General, French Atomic Energy Coinmission

Thank you Mister Chairman, Ladies and Gentlemen,

First of all, I would like to express my great pleasure to be a guest of the

3lth 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 Nl), the French nuclear system has

reached maturity, with an operational nuclear power park that is safe,

competitive and envirorment-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 Goverument authorities and industry to

replace the nuclear power generation capacity, as the power plants reach

the end of their lifetimes, startiBg around the year 2010. This
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discussion is legitimate as the present oontext is in fu11 evolutie

whether in terms of eeonomy (panieularly with the opeRing of tfi

electrieity market), er enviroument with the commitments made at tif'

Kyoto Conference relative to greenhouse gas emissions. Coneerning tttttt

last point, respect for the environrnent, I mean, I am siRcerely coRvincel"'g
                                                       ･11111i
                                                        "'t'ithat the dynamics initiated in Kyoto canRot be stopped aftd

public wiil recogRize the advantages of Ruclear energy. But

                                                        i.l･
nuclear industry, this glebally favorable context comes with growmg

requirements, net only for competitivity with respect to other sources of

eRergy, but also eoncerr}iRg safety and the ability to satisfactorily

manage the loRg-lived radioactive wastes.

The mission entrusted to CEA is therefore to rnaintain the Ruclear

                                                        ///.
alternative open up to the year 2010, to enable GovernmeRt a"thorities

and iRdustry atthat tirne, te make the decisions concerning the eRergy

poliey for the 21St Century.

It is in this long-term perspeetive, and with a view towards preparing the

choices for the 2010 timeseale, that the Govemment has adopted the

major orientations which I shall briefiy review now.

                       0-6-2



SW?mavaENgX fiS ABANDONmo

complyiftg with its commitrnents, the Government decided to abaRden

the breeder reactor Superphenix, Rot for reasons of safety, but because

the system no longer seemed to have any short-term industrial prospects.

This prototype, launched in the 70s iR a ceRtext of energy shortage and

fears oftension in the uranium mafket, no longer appears adapted to the

priority requirements oftoday's economic oontext.

Nevertheless, Superphenix represents a weaith eftechnology, developed

by highly motivated and £ompetent teams. So benefus m}sst be reaped

from the experience accumulated, and research on fast neutrons should

be steadily contin"ed for a more distant future.

MASwaRgNG waos BA¢K END @ge waE geWan CY¢gE

Mastering the back end of the fuel ey£le, that is to say the managerneRt

ofthe spent nuelear fuel and the res"lting wastes, is a major £hallenge, if
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nuclear energy is to be accepted by the public. The Governmelj

recalled its attachment to the De.cember 30, 1991 law, on researe

                                       and it stressedconcerning long lived radioactive wastes,
                                                        ･,,///

complementarity of the three research lines of this law: the separatie'

and transmutation of long--lived radionuclides (line 1), disposal in deeag

geological layers, retrievable or not (line 2) and long-term surfacg'ii

interim storage (line 3).

So research on transmutation will be continued up to 2004 thanks to the

re-starting ofthe fast neutron research reactor, Phenix (Slide N2).

By the end of the first half of the year, the Government will make ' i
                                                        /l

decisions concerning the sites selected for the mstallatioR of

underground laboratories, designed to study storage conditions fof

radioactive wastes in deep geological layers.

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

and sub-surface interim storage.

URder the terms determined by the law, in 2006, after 15 years of

research along these 3 lines, Pariiament will decide on the management･
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gf these wastes. The research, undertaken on the three complementary

lines of the law, should enable all possible alternatives to be studied, and

ali eheices te be left epen for Parliament, to make a decision coflcerning

the strategy for management oflong lived waste.

ifwaNS?ARgi)NCas AND NW¢gEAR M@NET@RENG

In the third and last place, the Govemment recalled the importance ef

transparency, which is a major factor for public aceeptance of the

ituelear option. To improve this, the Government asked the PresideRt of

the "Parliamentary Ofliice for the Assessment of ScieRtific and

TechnologicalChoices"tomakeproposals. Thisreportisexpectedfbr

Rext July 3l.
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g.Oa,h:..G8.Vi.rn:ligt) C.i8?,r`i,Ie:IS,S,Irt,?.d,ltS,C,O.IIilll,'t,M,ir,t,tO.n,g;ila,r Ser,e,

major role in the preparation ofthe decisions that will be made in 20o

for the back eRd of the cycle, and in 2010 for the renewal of the

                                                      ll･･･
nuclear power park. CEA m"st, in particular, be vigilant so that, at the

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

which means that all impediments or questions regarding
                                                       -l

implementation be resolved. It must thoroughly and impartially
                                                       i

explore the various possible scientific and technical alternatives, andf

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

solutions.

                                                       sIn fact, nothing would be more harmfu1 to the future of ngclear powefl
                                                       I･

than conveying the feelmg that the decision-makers have already{

chosen a single and inescapable path. The studies made by CEA

                                                       /
with its ind"strial partners, in the framework of a ministerial missios

coordinated by Misters Mandil and Vesseron, show, on the contrarylliii

                                                       111･
that the nuclear industry offers great fiexibility of choice (systems,

composition and operating methods of a park, type of fuels,
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 implementationofrecycling, dedicatedmanagementofwasteandso

 on), as well as fiexibility in time. Indeed, the options may, if so

 desired, be used in parallel, and one cari switch from one to another in

 the course oftime.

ee 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 U23s

 Beyond that will be available on one hand Coal (but with the already

 well known consequences on CO2 and other discharges detrimental to

 the enviroument), 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 challenge/11,

                                                        'j'11'11Il'
CEA must face with a commitmentto results in coming years ? ln mi'

opinion, there are 7 ofthem.

a) ptfirstr ckaSflegege : A geewv g£ge£ratgege eff if£acggers

@ Replacing the present park, (as the power plants reach the end of their

.

Iifetime), should fit into the very long term (planning policy) for power

equipment, and hence into the energy " mix " the optimization ofwhich

                                                         11
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 Europeari

Pressurized Water Reactor EPR is designed with a life span of60 years),

@ The new reactor generation must therefbre provide full guarantee iR

terms of safety and operation, while meeting growing requirements in

competitiveness and flexibility compared with other fbrms of energy,
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whioh 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

Gonsider this new reactor generation in the continuity of pressurized

water reactors.

@ CEA's clearly determined goal is to contribute, along with its partners

in ind"stry and research, to optimize perfbrmances 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

efthe whole ofthis experience. The experimental feedback from such

a demonstrator will make it possible to pinpoint and plafi 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.

& Of course, this goal in the framework of park renewal is not ies

contradiction with the endeavors undertaken by CEA with its industrillll'ai

partners to ensure the best operating conditions for the present parK

including extending its life span.

@ As for the issefulness of fast neutrons, this is not questioned over the

                                                        //･
long term, keeping in mind that the commercial phasing-in of FNRs is

not anticipated befbre about forty years. The strategy adopted by CEA

                                                         ･i
upon request of the Govemment fbllowing the abandonment of

Superphenix is to go on with research in fast neutrens field based on 3

stages :

 ptRrsS sgag£, Pkegegx, a small size reactor partic"larly easy to operate in

 terms of short cycle and measurements. Following exteRsive

 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 iong-lived wastes ;

* Secogedi stage, gke optimized se callEedi Jwies eeerewRez ifeacgoff, the
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 commissioning ofwhich is planned for the year 2005;

* [Erktwdi sgage, rtk£ geersgeecefive gge gke Eagffepenge ffiraERRewygffk gff ge

 kybffRdi systeggg deggRgeesgffatoff consisting of a particle accelerator

 coupled with a fast neutron sub-critical reactor in accordance with the

 principle recalled recently by Professor Rubbia.

h) Se¢gged ckaggeeege : eefigla ?erffoffEgR3it£e ptee£gs

 Another goal pursued by CEA is the optimization of fuels, with a view

towards extracting the main part of the energy content of urani"m,

directly or after reprocessing-recycling. The burnup ofU02 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 siide N3). MOX, which already allows an additional amovint ofthe

fissile energy potential to be used in competitive coRditions, can have its

performances raised to the same level (in term of burn-up) as those of

U02 fuel, to take thc place ofstafidard fuel.

@ 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 AVLI

process wili be able to piek up where EUZRODIF leaves eff (next sliG

N4). AVLIS is the erifichnent process by atomic vapor laser proces

The first-rate scientific and technical resi}lts obtained by CEA last yea S
must not hide the fact that a lot of work remains to be done to briRg thil

                                                        .x.
proeess up to the necessary level fof an optimized iRdustrial operation, iti

terms ofperformance, availability, reliability or, in short, competitivity.

c) [ifktwdi ckalRegege : fil$itg-ffJgvedi Wast£ MagegegeagReeeg

ge To keep the nuelear option open until 2010, a coherent set of long-

lived waste management methods rriust have been defined, accepted by

the public, and their regulations speeified. I say a coherent set because

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

                                                         'and on the fiexibility oftheir implementation in time. Indeed, due to its

                                                         /
                                                         'very nature, management ofthe nuelear fuel cyole requires lengthy steps

but which, oft the other hand, provide time to account for changes in the

eeonomic or political oontext and to iRcorporate innovations stemming

fromresearch. Hencetheimportanceofretrievabilityinthiscase.
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in view ofthe 2006 deadline set by the law, CEA is devoting a large aRd

in£reasing share of its resources to research on the back end of the

oy£le :

@ Phenix will allow to oontinue experimeRtation ef alternatives for a

 massive burnup of plutoni"m 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 (RJ[E[)

 reactor project is optimized in view of sustained research on fast

 neutrons.

@ CEA is also intensifying its efiiort in 1998 and 1999, (on the

 oonditioning 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 variogs categories

  of wastes. Moreover, CEA is in charge of submihing to the

  Geverment, 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 interes

storage.

d) Foeerak ()k3Rgegege : MasteifEpmg pmisecgaagetrRggeg

It is of course important fbr the nviclear industry to be able

demonstrate to the decisioR-makers, as well as to the public, tlt

complete mastery of the life cycle of its facilities, from grasslandt

grassland, as we say. This is why the operation that CEA is carryin

out jointly with EDF in Brennilis (next slide N5), in Brittany,

particularly important and must be conducted in an exemplary marm
                                                        i

CEA's position is that, in this context, the process must be canied out asl

speedily as possible up to IAEA level 3, in other words, precisely backl

to grassland.

This is also aR opportunity for significant progress on very low leveli

                                                        s

waste management, since dismantling operations, by nature, generate ai'

large volume ofthis type ofwaste.
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e) esgftk eclakgfiegeg£ : S3ifety

 In order to master them, taking serious accidents into account in the

design of second generation reactors is a maj or 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 efliicient processes aimed at spreading and cooling

corium (Vulcano prograrn), the understanding and control of fission

product release phenomena (Phebus 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 meRtioned

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 ofthe very design and ofthe sizing and operating rules

for nuciear facilities which also m"st result from an internatioRal
                 fi

consensus.
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fi Sgxgk Ck3Mgegege : RadifigbfigRggy

Scientific advances in the dontain of radiobiology and, more generalli

of the detailed understanding of the interactions between radiation a"

living matter, are a necessity for promoting public acceptance of nucle"

k is Recessary to achieve an understartding of the intimate mechanis '/li'

of degradation and repair at the cellular and molecular levels and, ""'
                                                       /G.l

particular, of DNA. Only this understanding will allow an unbias S
                                                       ,,///'l
view of the risk, and hence of the basic norms and regulations

                                                        'radiation protection to be achieved. CEA's efiiort in this domain hag

already been intensified in the past years. We are continuing to pilel

this research in partnership with the ether research establishrnents aRe.

universities, with many international cooperations.

g) Mnsg ckkHRegege : CggeergRMedi eseesgege

Indeed, (next slide please N7) controlled fusien is further away, but ee

:e,ue,ra:,e,&1,1?",g.t.e:,p.:p,`t2ni.ci ,carnigg,x2e.lg,l ,ie:g:r,zeth, `e,ig
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very long term insofar as, today, nowhere does any laboratory have

reaohed simultaneously all the conditions to sustain the fusion reactions.

It is therefore essential to werk eut a strategy able to manage this

program over an extended period of time, preserving the present

iRternational dynamics and the collaboration between Europe, the USA,

JapaR and Russia.

CEA ebtains important scientific results on TORE SU[PRA in Cadarache,

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 fbr the future fusion reactors, s"ch as materials,

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

So the 7 major challenges have been briefiy exposed. In my view, th'

stand as fundamental scientific and technical challenges to be faced ;'

keep the nuclear option open to 201O. Nuclear energy indeed remains

essential compoRent to meet France's energy requirements whii,
                                                       ///../t

complying with the Kyoto Conference comrnitments, and the ener

                                                       lmt;1"'il/policy orientations set by the Governrnent. Consequently, it re

                                                       '1ili'
important to provide the Government and the public with all thg

                          .s
demonstrations on the economic competitiveness of nuclear energy, oE

the safety ofthe facilities and on the management ofradioactive wastes,'

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

                                                        'wheR the time contes, a set of satisfactory alternatives for the decision

                                                        '
that the Goverument will take in 2006 concerning the back end of th

cycle and m 2010 for the renewal of the nuclear power park. Th

clearly reasserted comnitment of the French Government to nucleag

energy opens up ambitious program prospects for CEA. Over all thq,ii

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

among its different sectors of science and technology.

But fbr many of these research topics, it is mandatory for CEA to

strengthen its ties with the rest of the French and intemational scientific

and technical community, and particularly JapaRese, mainly with JAERI,

PNC, NUPEC, CRIEPI and certain universities, in the framework of

preseRt and future cellaboration 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 longterm, the

development ofcommon strategies.

khank you for your attention.
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Nee£R£aif ecgeeygy foif Seesgagitahfie DeveRegeggAeitt:

               gke gAEASs Roge

           Sueo twffachi

     geepesty Darecter Geeemaa

gitterRatgoptftP ASoEpEe Eitergy Ageeey

g. gitereasipmgeitergydetwaitd

      Recent studies by the IRternational Institute for Applied System Analysis (IIASA) and

the World Energy Coultcil (WEC) prejeci energy demand increases ofbetween 50% in a low

economic growth scenario to more than 150% for the high growth sceRario by the year 2050.

These dernands are mostly driven by growing populations and growing ecoRomies in the

developing world. The current global population of about 5.9 bi}lion is increasing at a rate of80

million per year. By the rniddle ofthe next century, global population is forecast to have

increased by 50%.

      Strong economic growth iB maky developing countries, particularly countries with very

Iarge populations such as China and India, will lead to a coRtiRuing sharp increase iR per capita

energy demaltd and coRsumptioR for a better quality oflife. The potential increase in demand is

illustrated in the fo11owing figures. At present, Bangladesh and Tanzania use less than 1OO kWh

per person per year; China uses nearly 1OOO kWh and, by coRtras£, 12,OOO kWh in USA. There

are plans for a sharp expanded use ofelectricity not only in Asia but also in Turkey, Mexico and

South America. The World Energy Council forecasts that by the year 2020, world consumption

,ofelectricity will increase by 50-1OO% from the level in 1990. The serious question is how to

produce additioltal electricity in a sustainable way.

2
.

Eitergy seegepgy syste}E} optieRs

      The criteria for choosing between differeRt energy resources have becorne more

complex. ERvironmental impact is becoming important iR cennection with global warmiRg.

Safety ofoperation, and reliability of fuel s=pply in view ofnational eRergy independence
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priorities are also factors. Economic competitiveness is a major commercial coRsideration but

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 econornic factors. The IAEA comparative studies programme

includes: (1) energy demaRd analysis and supply optioRs, (2) economic analysis, (3) health and

environmental impact and risks ofeRergy systems, ar}d (4) sustainability ofsupply. The

programme is being carried out in co-operation with eight intematioRal orgaRizations: EC,

ESCAP, EBRD, IIASA, NEAIOECD, OPEC, UNIDO, WMO.

3. CggmrAate chaRge eexeerit d"e to heavy depeitdenee oit fossig energy

      Today 87% ofcommercial global prirriary energy depends on fossil sources. These

sources have a strong environmental impact through the release of noxious gases (S02 and

No.), toxic substances (heavy metals) and greenhouse gases (C02). Nuclear power and hydro-

electric sources - with minimal environrriental release - each contribute only 6% ofglobal

energy supply. At present oRe third ofcommercial primary energy is consumed in electricity

generation - fossil fuels account for 63%; nuclear power 17%; hydroelectric l9%; and

renewable systems less than 1% share. Most ofthe recently added global electricity generation

capacity is fossil fuel and the expaRsion in the trEmsportation sector is oil based. The WEC and

IIASA middle economic growth sceRario prejectioR at the year 2e50 is fbr more thar} a double

iRcrease in fbssil fuel consumption and a continuing fossil dominance with 2/3 share ofglobal

eltergy, some 20% less than today.

      The short term outlook is clearly fbr greater GHG emissions. The Intergoverrmental

Panel oR CIimate Change (IPCC) reported that the atmospheric C02 concentration- which in

pre-industrial times had a level of280 ppmv - has risen to some 360 ppmv in 1995 and will

reach 700 ppmv in 21OO in the mid-range emissioR scenario. This increase may cause an

additional increase in surface temperature between 10 aRd 3.5O C.This climate change would

be associated with a rise in sea levels ofbetween 15-95 cm.
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Kyege Progocog

      At the 3'd session ofthe Conference ofthe Parties to the U[N Framework Convelttion on

climate Change (COP3, UNFCCC) in Kyoto, agreement was reached on an average cut in

greenhouse gas emission by industrialized countries of5.2% from 1990 levels betweeR 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 diflicult it is to achieve a reduction ofC02emissions. In

1988, the Toronto target was to reduce C02emissioRs by 20% by the year 2005. However,

since 1988, global C02ernissions have, in fact, increased by about 169i6. In l992 the Rio target

for industrialized countries was to return to the 1990 level of C02 emission by the year 2000. In

fact, between 1990 and 1995 US emissions increased by 6% aRd Japan's emissions rose by

12%, while Russia aRd Eastern Europe lowered their emissions by 30% due to industrial

disruption. An IEA (International Energy Agency) study projects C02 emissions in 2elO to be

in the range ofa 369x6 to 50% increase above the 1990 level.

      k was particularly disappointing that the Kyoto CoRference did not make any explicit

refereRce to nuclear power which currently produces 17% ofelectricity without emitting GHG.

The Conference urged States to improve energy eeeciency and to promote "new and renewable

forms ofenergy" and "advanced and innovative enviroumentally sound technologies". While it

may be assumed tha£ many States view nuclear power as an indispensable part oftheir response,

more work Reeds to be done to focus public attention oR the serious issues involved.

s
.

Tke use of reitewabae escergy sourees to avoid GffG ecrsctissieits

      Clearly, greater efficiency and greater use ofrenewable 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 improvernent of

the application ofrenewable resources for electricity generation. However, solar photovoltaic

and windpower are intermittent sources ofelectricity generation. They are not suitable fbr
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base-load electricity supply without the provision ofexpensive energy storage facilities or

back-up sz}pplier. Furthermore, the collection of energy from low energy density sources is

inevitably expensive. The area needed by these sources fbr aR electricity gefleration capacity ef

a 1OOO MWe power plant is: 25-50 km2 ofsolar cells, 50-150 km2 ofwind mills and 3000-5oeo

km2 ofbiomass plantations. These figures give some iRdication ofthe high cost aRd 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 fbr cooking and

home heating. Solar paneis fbr hot water supply for farnilies 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 fbr alternative energy resources

will not sigRificantly redi}ce the pressure fbr increased base-load energy production and it is

difflcult to imagine that these energy sources could be economically viable to meesthe demand

for such 1arge-scale base-load electricity generatioR.

6
.

Eitviroittwentag advantages of it"caear po]vve¥ in aveadaRee of GKG

      Nuclear power with its low envirormental impact can contribute substantially to the

sustainable eRergy future. Nuclear power is a mature technology currently supplying 179x6 of

the world's electricity to avoid emission ofmore than 2300 million tonnes ofC02 annually (8%

ofglobal C02 emissions). C02 emissions per kWh produced by the full fuel chain ofcoal

power techltology is about l300 glkWh. By comparison, nuclear power fuel chain ernissions

are only 30 glkWh (IAEA estimate). Buming natural gas produces less C02 than buraing coal

or oil. But leakages during extraction and pipeline transport, which are more than 59x6 iil some

areas, can offset much ofthis advar}tage since leaked rnethane is a more damagiRg GHG. Some

itatural gas chains, therefore, could have emissions similar to the coal energy chain. In Japan

about 60% ofelectricity is geRerated by fossil fuel. In 1995, C02 emissions per kWh were 348

glkWh. In France, more than 75% ofelectricity was generated by ni}clear power and the

ernissions ofC02 were 62 glkWh in the same year (OECD).

      A 1OOO MWe coal power plant oR average produces annually 6,OOO,OOe tormes of C02,

44,OOO tonnes of sulphur dioxide, 22,eOe tormes ofnitrogen oxides (noxious gases) and
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320,OOO tonnes ofash containing 400 tonnes ofheavy rnetals. 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 tormes ofhigh level radioactive spent fuel and

goO tonnes oflow 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 enviromment. By contrast, the

dispersion strategies fbr the disposal oflairge quantities of fossil fuel waste iRvolve the

environmental release of waste products and the shallow grouRd burial of solid waste

coRtaining texic substances.

7. EeoRogzziecoacripetitivencssaRgenergyseeurity

      The economic competitiveness of Ruclear power is at present roughly on par with coal,

and in sorne cases gas and oil, depending on fossil fuel prices in iRdividual coimtries. Nuclear

power has lost competitiveness with gas wheR used in a combiRed cycle in some countries.

This competitiveness should be restored by better management, econorny, engineering and

operation in the whole nuclear fuel cycle.

      However, the larger initial investments required for Ruclear power plants are a drawback

iR capital-starved developing coimtries. But nuclear teclmology is relatively young and there is

scope for rationalisation, standardization, modular constrBction, siraplificatioR ar}d better fuel

utilization which will briRg higher efiiciency ar}d lower costs.

      An important positive feature ofnuclear power is the stability ofsupply ofuranium fuel.

Nuclear fuel can also be easily stored which offers a measurre of eRergy independeRce to

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

Republic of Korea and others.

g
.

pt"tzzre itanc]ear pewer straSegies fbr betSer sustkiRability
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      The real limit to the operational life-span of a nuclear power plant is not technical but

economic, siRce any component can be replaced. For Rewer reactors which became operationaj

in the 1980s and later, ecoRomic operation for aR average of50 years is expec£ed. Most plants

now being ordered include an owner-specified operational time requirement ofbetween 40 to

60 years. To meet the grovving 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

requiremeRts fbr the mediurn economic growth variants up to the year 2050. However, these

resources may not be sufiicient to cover the years after 2050 fbr reacters existing iR 2050. In

this respect, recycling Pu in LWRs is a logical aRd piudent policy option.

      In 1997, out ofsome 1O,500 tons ofspent fuel discharged from power reactors world-

wide, 3,040 toRs were reprocessed separating 23 tons ofPu, ofwhich 9 tons were used fbr MOX

fuel fabrication. The total civil-separated Pu inventory as ofDecember 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, FraRce, GermaRy 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 efPu into better balance The use ofPu 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 loltg-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 improvemeRt ofecoRomic

competitiveness and safety. The International Symposium on "Nuclear Fuel Cycle aRd Reactor

Strategies" prejected 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 2030-2e50. By
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2osO, it is likely that there will be a mixture comprising a 1arge population of advanced thermal

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

9. NoR-egeetrieity appNcatioits ef nucgear eitergy

      The utilization of nuclear energy fbr Ron-electrical purposes is alt importar}t part of a

long-term energy strategy. The IAEA has been implementing a preject on assessment of

desalination ofsea water by nuclear heat fbr Member States iR arld 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 ofcontinuoi}s hydrogen productioR by splitting at high

temperatures (9000C) water at the laboratory scale in JAERI (Japan Atomic Energy Research

IRstitute) may provide the technology fbr future econemical productioR of H2 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 of30 MWt will be in

operation this year at JAERI to make important milestones in the development ofutilization of

nuclear eRergy fbr non-electrical purposes.

lg. Nucgear safety aRd enhaiteement of pubkic acceptaitce

      The nuclear power system - a mature and comparatively safe technology with an

important contribution towards producing sustainab}e energy - is facing the risk ofbeing

undervalued or ignored. The future role of nuclear energy depends critically on irnproved

public acceptance which requires, inter alia, a consistent, demonstrated record ofsafety in all

nuclear applications and in the safe management ofradioactive waste.

      Safety is the responsibility ofRuclear operators as regulated by Rational goveinments.

The IAEA plays a fundamelttal role, but except iR relation to our own Agency operations, we

have no power to enfbrce - only to recommend, advise and assist. Our approach has been to

seek to establish a global nuclear safety cultture comprising: legaily biRding intemational

agreements, non-binding safety standards and the provision ofsafety 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 intemeational bencimarks
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iR major areas ofregulation, management and operatioR ofnuclear power plants. AR importarit

feature is a peei' review ofnational reports on steps which States have taken to fulfi1 their

obligatioRs. The final review rneeting will be held in April l999. As efthe end of 1997, 41

countries are party to the Convention ikcludiRg nearly all States haviRg Ruclear 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) akd £he Assessment of Safety Culture in

OrganizatioRs Teams (ASCOTs). They are the best practical way for safety culture to penetrate

borders.

      The Joint Conventions on Safety ofSpent Fuel Management aRd on Safety of

Radioactive Waste Management was adopted in September l997. This covers applications in

the civiliai} sector and obliges parties to take appropriate steps for ensuring the safe and

environmentally sound management ofradioactive waste and spent fuel, and for preventing

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

      The IAEA will strengthen nuclear safety assurance in Member States through: (1) the

developmeltt ofnatioRal 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 assistEmce; (3) more actively promoting our safety

services; (4) more effective i}se ofthe Annual Nuclear Safety Review; (5) streRgthening ofthe

interaction with the nuclear safety community.

      In addition, it should be recognized that a quantum improvement in safety can be

achieved through the upgrading ofsafety features ofnuclear reactor altd fuel cycle installations

by improving techr}ology and engiReering within the framework ofimproved safety culture iR

Member States.

gg. Wasge dfisposag ffKftaitagegggeitt

      To date Ro long-term disposal site has been licensed in any country. Deep undergromad

geological formations which have not beeR disturbed for maRy rnillioRs ofyears are being

considered. Solid domes or graphite turmels several hundred metres below the surface are
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iptpervious to water ingress, which is the potential mechanism for material transport to the

surface environment. Several barriers prevent the release ofradioactive disposal material: the

canisters containing the vitrified waste; surrouRdiRg clay backfi11, and; the solid host material.

Even ifradioactive material were to escape from maR-made barriers, the long path through the

host rock to the surface would most probabiy ensure suE{icient dilutiolt so as to pose little risk to

hi}rnan health. However, these disposal techRiques are blocked not by tecrmical, but by pelitical

obstacles.

g2. Neit-geifeEiferRtioit

      It is ofpublic concern that the wider use ofnuclear power might increase the risk ofthe

further spread of nuclear weapons. However, it should be recalled that nuclear weapons

developmeRt consistently preceded - and did not fo11ow from - the introduction of Ruclear

power reactors. The risk of further States acquiring nuclear weapons exists, bu£ it is only

rnarginally afliected by an expanded use ofnuclear power. Futrthermore, the IAEA safeguards

system has been streRgthened to cover both declared and undeclared activities through

Protocols Additional to Safeguards Agreements.

      The priority now is to sustain and build oR the present momentum towards the

coRclusion ofAdditional Protocols. Eight States have now signed, and there has been

encouraging progress iR recent consultations with key countries, iRcluding members of the

EuropeEm UnioR, JapaR, Canada, as well as the United States. Agreement has beeR reached on

the new Protocols with members ofthe European Union, Euratom and the IAEA which will be

submitted to the IAEA Board ofGovernors for approval in Jvtne. The conclusion of all

Additional Protocols by the end ofthe year 2000 is not an urrrealistic goal.

g3. Neeekea¥ geekitiqas£s foy a betger Ekfe aitg sesstftiitabge devegogetweee#

      Application ofisotopes and radiation technology has provelt to have a large potential to

coRtribute to sustainable development and basic humaB needs includiRg, inter alia, food

secutrity, agriculture, water resources management, human health, environmental protection,

and industry. One ofthe mos£ important roles ofthe IAEA is to promote these applications and

to transfer them to developing countries.
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      Recognizing that 850 million peeple sulifer from chronic malnutrition, the IAEA's fogg'

and agriculture prograrrimes, operatedjointly with FAO are contributing to increasing fbod

production in a sustainable way. The programmes encorripass mutation breeding, soil fertilltyi

and crop production, animal production, food irradiation aRd insect pest control using nuclearii"
l
i

technelogy. One example ofthe many success stories is the eradication ofthe tsetse fly in

Zanzibar Island (Tanzania) in 1997 using the Sterile Insect Technique with radiation. The

success ofthis programme will greatly improve livestock production.

      Nuclear technologies are making considerable contributions in the field ofhurnan

health. The IAEA's prograrrimes cover radiotherapy ofcancer, nuclear medicine fbr early

diagnosis and monitoring Rutritional status in developing countries. One recent successfu1

example in Tunisia is early screening ofneonatal hypothyroidism (thyroid disorder ofnew bom

babies) usiRg radioiinrrtunoassay to avoid cases ofserious mental retardation.

      Deterioration ofthe environment is a serious global concem. Nuclear based aRalytical

techniques are used to monitor concentration and behaviour ofpollutants. The IAEA Marine

Environmental Laboratory is monitoring radioactivity and non･-radioactive pollutants in the

marine enviroruneRt. Radiation teclmology can clean gaseous and liquid wastes. In Polartd, for

example, the IAEA has a large ongoing Model Projectto cleaR fiue gases frem power stations

buming coal which is the enly major energy resource.

aag. Trftitsfer of beiteficEaE geescgear teckRiqaxes for dieveEopgneitt

      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, hurrian health, environmental protection and industry. Additional

importaRt support is to assist developing countries to build their research capacity through the

IAEA's research contract programme.

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

national development fbr connecting technology to end users. The IAEA is not a
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"developrnent" organization, and it has no large pool offimds. Teclmical cooperation projects

rnust meet certain criteria: they must respond to priority national and regioRal needs; produce

sizeable economic and social impacts; employ nuclear technologies only where they have

distinct advantages, and; attract strong governrnent commitment.

      Priority fields for the TC programme are applications in agriculture and fbod, 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 coBstruction.

CoiteR"siege

      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 oflocal air quality and regional acidification problems dvie to

sulphur dioxide aRd nitrogen oxides. Public concems about nuclear safety, waste disposal and

the risk ofproliferation ofnuclear weapons are important factors in the future ofnuclear energy.

They lteed to be fu11y addressed by the nuclear community and particular should be giveR 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 Ruclear optioR is effk}ctive and feasible for sustainable development.
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GLOBALWwnG AND GLOBAL ENecRGY AwwER KrYOTe

          A Keynote Address to the 3aS` Coitference

          ekke Japan ASoEKaic gitdgstrlaR ptoreemik, inc.

               IErekyo, 3apait ･- 2e ApriE, g99g

                           by

                    twEEehaeE jefffersoes

                 Depanty Secretary GekeraE

                  'World Energy Ceanein

        .gntrodgctftoR

The timing of this talk could have been better. Twelve years on from Chernobyl, Japan's

nuclear industry has had a troublesome couple ofyears. We are fbur months on from the

Kyoto Conference, where the intellectual level of debate was heightened by demonstrators

with placards declaiming "No Fossll Fuels; No Nuke". I am still not sure whether that

message was aimed at the 34% of us in the world's popglation 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 fbr the promotion of alternative fuels and measgres to mitigate

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

According to the IPCC's Second AssessmeRt Report, published in 1996, the balance of

statistical evidence now points towagds a discernible human infiuence on global climate. The

UN CIimate Convention of 1992 states, in Article 3 (PriRciples), that cost-effective

precautioRary measures should be takea, regardless oflack of fu11 scieRtific certaiRty about the

atnibution 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 iR cembating climate change and the adverse effects thereo£ These

Parties, the so-called Annex I Parties, committed themselves to the aim of retuming their

anthropogenic emissioRs of carbon dioxide and other greenhouse gases to their 1990 levels by

the year 2000.
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By the time ofthe Kyoto conference in December, 1997 the iRdustrialised countries had done

little to meet these commitments (chapts 1 aitd 2). Indeed, on their current trajectory not

even the EU-15 Member Counnies will achieve that aim iR aggregate, so far as C02 emissions

are concerned, by the year 2000 (ckapt 3). Yet the EU-l5 seem relatively better placed thaR

the USA, Japan or the OECD as a whole in terms of anthropogenic C02 emissions out to

2000 and 201O under recent trajectories (ckart 4).

At the Third Conference of the Parties to the UN CIimate Convention most Annex I (or

should we now call them Aimex B?) Panies agreed to cuts (or claimed limitatioRs) in their

emissions out to 200812012 for six gases (ckart 5). 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 fbr some countries - such as Australia, New Zealand and Finland.

Thes Kyoto complicated matters by iRtroducing allowances fbr absorption of C02 by reversai

of fbrest clearance and agricultural soil changes; and by the inclusioR of methane, nitrous

oxide, HIFCs, PFCs, and SF6. A wide raRge ofactivities outside the energy sector come into

play - agricultural, industrial, waste handling and disposal, aRd the use of solvents and certain

other products. The particular contribution that the energy sector will be expected to make

towards reduclng overali aRthropogenic greenhouse gas emissions has become more difucult

to discern. What the Kyoto protocol is clear abo"t is that the counnies forming its Annex B

list are expected to reduce their emissions between 1990 and 200812012 by the carbon diexide

eq"ivalent of5.2% in aggregate. Variations within that aggregate range from +IO% to -8%,

although in fact the leeway granted to Australia is much greater than +8%. For the

economies in transition their commitments of O to -8% need to take account of reductions in
                  ,
C02 emissions amounting to ever 30% between l990 and 1996 - fbr reasoRs having nothing

to do with seeking to mitigate climate change.

.[gRT.g}essstsgggEs!g-2sw!k R Ets fK oge

The Kyoto protocol is inteRded to place legally binding commitments on the Pardes to it. No

govemment delegation in Kyoto on ll Decernber, 1997 opposed the final passage of the

protocoi in the Committee ofthe Whole or in the Plenary Session. The protocol is open fbr

signature from 16 Mareh, 1998 until 15 March, 1999; and beeomes open for accession the

fbllowing day. The protocol will only enter into fbrce 90 days after not less than 55
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coRvention Panies, incorporating Pffinex I Parties which accouRted fbr at least 559!6 of total

Annex I C02 emissions iR 1990, have ratified.

probably the biggest single question is: will the USA ratify? The USA contributes some 25%

ofthe world's anthropogenic C02 and total greenhouse gas emissions; and, depending upon

the basis ofthe calculation, around 38% - 42% of Annex I C02 emissions in 1990. The US

senate in June, 1997 submitted a Resolution stating that the USA should not be a signatory to

any protocol whlch mandated new comniitments for Annex I Panies 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 O the fbllowing month. In Kyoto, the only

Article which provided for non-dnnex I Parties to take on additional emissions limitation

undertakings was gavelled out. Thus the first ground ofUS Senatorial concern was rejected

at Kyoto (arguably in compliance with the Berlin Mandate governing the Kyoto proceedings).

The second ground was not addressed by governments in Kyoto, although it was a central

fbcus fbr some US industry and trades union lobbyists.

The more innovative elements ofthe Kyoto protocol are:

" some rather general references to enhancing energy eMciency, proraoting new and

  renewable fbrms of energy, phasing out fbssil fuel subsidies, limiting aviation and marine

  transport emissjons, etc. under Articie 2. There is Ro reference to specific poiicies and

  measures, nor to nuclear power, in this Aiticle;

" establishment in principle of Joint ImplemeRtation with credits between Annex I Parties

  under Article 6;

" establishment of"a clean development mechanism" through which projects between Annex

  I aRd non-Annex I Parties resulting in certified emissioRs limitations will hopefuily occur,

  under Micle l2' and
               ,
" provision for emissions trading between Annex B Parties under Article 17.

The widespread indifference of energy consumers towards global clifnate chaRge, means it is

diMcult to introduce efliective policy measures. This makes it extremely dogbtful whether the

generalities of Article 2 will be readily translated into action. Energy consumers are the

customers ofbusinesses, which in turn means that the ability ofbusiResses to iRnova£e in order

to mitigate climate chaRge is severely constrained. Furthermore, although Aiticles 6, I2 and
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l7 are potentiaily interesting and offer opportuRities for business lnitiatives, they are and

should remain subordinate to domestic actions. ll prejects and trading should also be

specifically linked to, aRd result in, emissions reductioRs.

There is concern that trading in "hot air" resultiRg from past emissions reductions - unrelated

to climate change mitigatioR measures - would do little to reduce global emissions. Overall
                                                                        ,
there is coAcem thatthe Kyoto protocol does nothing direct!y to eitable immediate mitigatoty

pelicies and measures to get under way, and yet it expects demonstrable progress to have beeR

made by 2005.

The Kyoto protocel is also defective insofar as it prolongs aR earlier failgre of climate change

negotiations, the short-term focus on targets and timetables, and both postpones important

questions fbr later resolution and opens up potential loopholes. The WEC's Statement to the

Kyoto Conference expressed once again our belief that: "The loitger action is delayed the

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

uaAMdgSt pt dIS(gb

In terms ofannual C02 equivalent efnissioRs, atmospheric C02 conceRtration and implicatioRs

for global mean surface ternperature the outcome of Kyoto in itselfis neither here nor there by

2100 (ckftrss 6-g). Even if Annex I Parties were to reduce their emissions l% per annurri

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 WECUIASA scenariosi, noting that AnRex I counnies remain far adrift

from the emissioRs trajectories ofthe Ecologically Driven Scenarios (Ci and C2), it wili be

seen that the Kyoto outcome is well below the curreRt emissions trajectories of Annex I

Pardes (which have broadly fbllowed the High Growth A SceRarios since l990 - excepting the

transitional economles and two or three EU-15 couRtries). Moreover, Ron-AnLnex I Parties'

emissions are rising so rapidly as to make Kyoto scarcely relevant on tke future global

emissioRs scale (ckaes 9).

i World Energy CounciYInternatioRal IRstitute fbr Applied Systems Analysis: "Global Energy Pefspectives to

2050 and beyond", l995 aRd updates. A future repert, published by Cambridge University Press, will be issued

to coincide vvith the l7th WEC Congress ilt Houston, Texas. in September, 1998.
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fiveR taking account ofthe scope for carbon offksets permitted under the Kyoto protocol, the

Ret outceme has oniy modest impact by 201O (cktsss gg).

wsCIIIASA scenarios indicate that only the two Ecologically I)riven scenarios and a High

Growth "bio-nuc" scenario (A3) produce reiativeiy low annual C02 emissions out to 2100

(ekayg gg). These are also the oBly scenarios which result in atmospheric C02 concentrations

by 21OO less than double pre-industrial levels (£kfess a2).

Ivgase Rgkeesg Rgeeees ergrwkrd

Past analyses by WEC have pointed to:

ege a continuiitg reiiance oR fossil fuels for many decades to come, with the current world's

  76% reliance on the fossil fuels only gradually deciining;

£e tke plentifu1 geological resources of fossil fuels, although in practice supply disruptions

  could occur - especially if vvinerabilities increase due to higher import dependency and

  leRgthening supply lines;

" potential technology, financial and environmental constraints on the fossil fueis;

" price gncertainties;

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

egte the huge scope for raising the eflicieRcy ofsupplying and using energy services.

What reiiance the world will place upoR individual fuel sources in future is clearly uncertain

aRd, in our view, most usefully considered by developing interaally consistent alternative

sceRarios. The lower the level ofglobal energy coRsumption over the next cesctury, perhaps

largely due to successful effbrts to raise eMcieRcy and encourage coRservation, the less the

Reed to clevelop and use alternatives to the fossil fuels. In such an evolutien it will also be

easier for new renewable energy resources to contribute a large share of the primary energy

supplles required.

If h"maR-induced climate chaRge is takeR sertously, and it is believed that large volumes of

carboR petentially emitted caymot satisfacterily be stored at acceptable cost (down depleted oil

and Ratural gas wells, for instance), then oitiy three ofthe WECntASA scenarios meet the

criteria required: A3, Ci, and C2. Two of these sceRarios lndicate that nttclear has an
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expanding future. fabRes g and 2 indicate the roie nuciear power ls assumed to play in the six

WECAIASA scenarios.

However, there will be numerous challenges and hard choices ahead. It is not clear how aRd

by which technologies the current problems facing nuclear energy may be resolved, and our

scenarios reflect the wide span of possibilities.

()oRcSusieas

Perhaps one ofthe greatest challenges over the next two or three decades is to avoid closing

options and to open up Rew ones for achieviRg sustainable development. The danger ls that

because of public conceras 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 l995 conclgded, so far as nuclear was concerned:

   Fug'ther devegopggEext# gf geascEear geckitoEggy gbr gke kgE eeeergy eycae appears to

   be needeci gf gethcgear povyer Es te Eeciake R ggiaajor cgptrlb"tloit to genger-term

   eitergy fteeds. W#gkgaxg pgbgic coeefideitce Eit gkls teckitegegy tkere g]niasst be

   do"bgs as #o gke rege ittscgear eRergy ckge gelay.

   Over the Rext 30 years a gituch wEder range ef eaergy ffbyEEes vviEE be reqwired to

   sasisfy the vverAd's }ncreasiptg ggobag deeciAaged. Eee add;tioit to fossig fueis, these

   wigE Eitcgude p"biEcay acceptabge nascgetsr deveEogegggeptg aftd tkese forgxgs of nevv

   renewabae energy wkick cait be ggatsdv viabEe.

But if nuclear is to play its fu11 role then more than changes in techRology will be required.

The WEC's Message fbr 1997 referred to the need not oRly to secure high safety peifbrmaAce,

good operating practices and the safe management of nuclear waste, but also the need to

ensure that facts are communicated successfu11y and are comprehended by the general public.

This in tura will require a traRsparency, and a readiness to admit past failures (and present

ones whenever they arise), which sometimes seems alien to an industry born out ofa military

defence psychology where secrecy was a requirement. Each time news is released of past

problems or present failures, the prospects fbr nuclear power sufiier some setback. The
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greater the success in keeping such past events secret, the greater the damage done to

nuclear's fi}ture credibility when such secrets are eventually revealed. The more often there is

evidence that the ind"stry, or its operators, remain less than open when mistakes or accidents

occgr the greater the public concern aroused.

Thus the desirability of keeping the nuclear option opeR needs to be set withiR a framework of

transparency and the broadest perspective of requireinents for sustainable development, The

WEC's l995 Congress recommended that:

   geve¥nffgReitgse beesgitess decEsggge gnakers aitd eeeergy censeeKKRews b£ eergeci tg sgaee

   gtskgng acgivit geewv ge kdtsgeg gg gke iteeds ef geer gogegege gerggR kgeere. ga is xogjeesg

   iit respogese gg gke rEsk gff £gggxaage ckaxge Skftt `ggkggeggggeeKgg ifegreg' ggkekseeeres kftsed

   oit Ske gereckwaggogearry priptcSpge aTe geeageeggeci.

This is not the point in human history when nuclear power should be consigRed to the white

elephant's graveyard. There are raany hard choices lying ahead, and premature closure ofthe

nuclear option is liable to make thera much harder still.

Changing global climate may prove to be the single biggest reason for facing up to the future

and the decisions which Reed to be made. But in itselfthe Kyoto coRference did not advance

the world much along the path ofdecision-making.

We are now six years on from the adoptlon of the UN CIimate Convention. Six years have

almost passed since the Rio Earth Summit, where 154 couRtry governments and the European

Community signed up to the Convention. The lack of real progress since then in c"rbiRg

anthropogenic greenhouse gas emissions must be deeply disturbing to anyone genuinely

concerned that human-induced global climate chaRge may be occurring.

tw""""""""
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gRtred"cpton

Environmentat issues, anct iA pasticglar global wayming, are becomifig rnore and mofe

importax}t factors itt pelicy-makistg for the pcwer seetar. At the third meeting of tae

Cogfeireace of the Panies <COP-3) to the Unitecl Nations Framework Cenvemiox cli Climme

Citange (UNF¢CC), that vvas held in bece!nbes 1997 in KyDte, deeisten-makers agreed on
provislons for rectuctng GKG emSssto!is. A key pfovision of the Kyoto Protocoi [1] i$ that

AnnexI countraes (i.e., essentially OECD cewpttries) st}al1, Si}cesvidutaliy cr jointiy, reduce

theif ei tisstofls accordjng to coulltry-by-counwy targets with a view £o ieducing their oyeral1
emis$iens by 5.2 per ceRt belew l990 levels in the cogigafitmeitt peeriod 2008 te 2012.

'lhe emer.rvy sector, from prtmaxy ellergy extractien to end-use, is one of the matll So:xces ef

greenhouse gas (GNfi) eitussio"s, in partlcll1ar carbon dioxtcte (CeP, that :atse conceriis

because of the potentiai risk of thetr g#ducing globat warming a"d climate chai}ge. Zlloe

carbon dioxide emissions related to eneirgy "se aTe estimated to represent sorne 75 to 90 per

cent of the antltropoge :ic CO, emissiDits. Therefote, anothe: psovSskon of the Kyoto ProtoeeI

i$ that Ax:ixexX coulttrie$ sltall undert2age promotian, research, deve!epmeta and iiicxeased use

of new and restewable forms of ettergy, of carbon cljoxide seque$rration tecini]clogies aixi of

advancect and ituovative environmentedly sound techmelegSes.

Nuclear energy, which is essenlially ¢aTbcn-free, is one of the `'advanced aiid ax}xxovative

environmental}y soulld technologies" that cRn con rabute to allevSatiAg the xisk of giobal

climate cinartge, However, at presefit, nuclear power is f3cimg problem$ yelated to maiMatning

ecoRoimc coxnpetitiveness in a deregulated inarket and efinai}ciRg pgbli¢ acceptaitCe. In titis
cDntext, the challenge for govemments anct asglear industrles is ro keep the uucieaxr optioR

open in the IGng term ill spite of the likely shext-temn stagnaion of nuclegy povyer

pfogramrnes in most cottnSxtes,

'Tl Lis implies preservatuoft of lllfi]astrtictures, incltxdiltg researet} anci development prO[;rEimi}ies

and facillties that could sllpport tihe developmenr of mew reactors asid fuel cycle tecimelogies

adapted to fut]tre mg;kets atxd rneetiRg s"stutx}abtlity reqvlrcmepts, XMergovemmenial

orgamsation$ sucl} as the NucleaT £iiergy Agency (NEA) cam help in this piocess by
prOvidii}g ces£-eSifective ways ai3ct rceans, tirrougk $hmng inforn]atiofi and experien¢e, of
keeping the ngclear og)tion open for fut"ie geRerations.
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Greeitkgn$e gfa$ egggissEoit$ itged zzaxstEeas geifinger

'ftie analysts of past expecaence illustrates the :o!e of nucZeax] powec ixi rectueing ¢arbg:

digxide and me atsx}osphertc emissiems. A cexripaiison af tirne sertes of etectxici£y

geReradon by scnxce aRd fttmospbe:ic emissioi}s Sn clif±erent counnies shows a strong
cgitetajiou betweex} muclear energy's share in eiecwicity generaz3Qn anct the decrease of

emissiotts f2j, ¢oun;ries that have iiiipiemcllted 13rgc ruclear prograimnes have achieved
simBltaneously sigptficant reckictions of cagit}on diexide at}d ethey atmospbenc eii}jssions,

while ¢eu#t]cies which have littile or no nuclear povyef in their cuexgy mixe$ for electriplty
genexation have experienced stable or iRcteasing atmospkerlc emisstons from the pewer

sector.

in France, carboll (goxide, sniphur diexide and pEnticulcrte emSssio"s from the power sector

were red"ced by famrs of four, ptne and ten, respectively, betweei} 1980 and the mid-!990s,

while etectricity geixeratsoR roughly dou,bled ctixring Tbe same period, rthis reductioft resll1tect

essentially from aEi increase in the itgcleax shaxe of total eiectricity gen{itradoR tbom less than

25 per cent in 1980 to mere tt}an 75 per ceRt in 1995, In Swedell, ei]eTgy"related carben

dioxide emissions were reduced by more thaR 40 per ceri[ between the early 197es and the

early l990s, owing essemially to switching from oil to nuclear afid hydro povver kr

electricity gefierattien, Swedei} also reduced its dQmestic sulphiif dioxide and nitrogen

einissioRs stgptficanrky duiing the same pextiod.

Wcffld-wide, as grecilhouse gas emussions Stem the Bucleac fuel cycle a:7e of the eTder of

25 gfkwu compared wSth some 450 to 12SO gl}(wn when using fos$il fuel, replaeing tirc

wholc ef the nnclear geRergtiolt capacSty by a mix clcse to imt of the cufrefit neR-nuclear

power capactty would cmtajl increasing the werld's ene:gy sectos's carbon dioxide emissions

by some g per ceRt.

ffut"re ekergy 2ggadi etectxicSty degEkand

Populatien ginwh is a drtving factorIn energy anct elecuicity tmgmd. By the iniddle of the

twefity first ceRtury, the world popptation will rougt11y doable, reaching some 10 billion

inhabitants by 20SO [31. Population growtts will be conceRtrated in developiBg cDRntries

which will rep:esent neewly 85 per cent ef rke wo£ld pop"lation by 2050. Historical trends

tewards urbafkisadQn me expected to contifsue; by 2050 more thaR imee quarte£s of dee world
population will live in urban exeas ar}d an incfeasing number of people wiZl live in

raega-edties exceeedRg 10 mi11iofi irmbitants.

Teclmo}egieal progress, changes in life styles and a better recognition of the value of ouf

Eatu!ral enviroumenr will likcly reduce the energy intexxsSty of future development patterns.

However, histexical and recent trei}ds Sii energy and etecniptty demas}ct groiwh demomstrare

the lirnjts £e oonservatioR and savigg$, Comsequelltiy, there i$ lirtle doubt that enefgy demand

will centinue to gtow. Since electaetty is a vefy versatile esiergy foxm vvhicli provides

non-subssttutabte services, such as tigkmiag, aiid is well aciaptect to the :equircmems of

deasely popula£ed areas suct} as lafge citie$, etecmicity demazid is lilcely to grow faster than

topt ptmary energy dema"d,

Duxting the last fifteee yeafs, electricity consumptioft taas grQwri at a steadly pace of some

4 per cent per year woxid-wide. Nl the pipjectiens anct scenarios devetoped by authorkative

organisatioms indicat£ a continuing growt2} of elecndcity demanci i" the short, meckuma imd
leng term, For example, the OECD Intemational Ei}ergy Agency ls pxojecting, up to 2010,

electrlctty demand growth rates of some 3 per cent per year in tMe world apd aseund 2 per

cent per year in eBCD coumies [4]. Izz the longer term, the energy perspectives ef the World

Energy Council (wrIC) indicate at least - ifi the "ecolagy driven case" - a doub]ing of

electricity demaiid world-wide by 2e50 [5]; othe WEC scefiEulos leact to a maly four-fold
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in£rease of e!eexicity demand between l990 Emd 2050, lke `Zow CO,-Emltnng Energy
Supply Systema" $cenario caSS) of the intergovemmental Panel ek Climate Ck;ange (reCC),

which assumes ctra$nc improvements in ggexgy cra,cieptcy attd ctriutia£ic technological
paogxess, projects a nearly tuee-fold inerease of electriety demai}ci in the werld by 2050 [6].

gygtegetigg xxes£geew pgwex' devetepwtent

Nucleax power is, today, a comaxRerciaXly available source of electricity tthaz cont[ibutes

atyeady to reducing anthrepogenie gmeenho"se gas emissions, Some X7pet cent of the

elecatcity coxsumed worid-wide is generated by nnclear power plants asud in OECD

countzies, muclear powef supplies 25 per cent of clectrticity cons"mption,

ln order to meet incyeasing electricity demaad, Etdditiottai geiierating cEtpacity wili zaeed to be

built. Oitce soetal, ecenomic and technical constraints have bcea take]i Snto accouftt, the

Rnmber of realistic large>-scale elecnicity supply optioms is fatrly limi£ecl and nuclear power is

undoubtedly one ef them. DugSRg the nexr decades, the ntatu almmatives for electrlcity

gciiexation is likely to continue to be coat-firad, gas-fired anct naclebl power plaats. Hyctro

power is net likely to expand in OECD counniecs a"d world-wide its contribution is uiillkBly

to increase stgptficantiy. Other renewable sources, althougii they are expected to be

developed steadily, wtZl remain mafginal conuibutors to total world eRergy supr)ly.

I}} tiiis comexc, figclear pDwer, while expected to be stagnfint SR tihe short term exceptin a fevv

ooultnies, is likely to be developed coxxtiauoitsly in the long term, e$peeially beeause Xt Ss ene

of the s"stainab}e optiens commefetaily avaSlable, Recestt studies oR long-temi nuclear povver

development provide a range ofscenarios for posstble nllclear capaetty evolution in the wofld

to 20SO and beyond. Mogt of them pTDjcxt that nuclear capaeity wM inciea$e ratheir slew!y to

2015 2md, iR ecologically diiveil scenarios, grovv mere $teaClily to 2050. For example, one of

the Key Issue Papers produced fbf the Internatioital Syrrnpesiuin en Reactox atict Fgei Cycle

Strategies; Adjusting to New Realities I7], sponsored last year by tlze IAEA a=d the NEA,

pfesents medium arid ltign soenaiies foT Ruclear power wita wodd nuclear eapacity iR the

year 2050 reaching arollnd 1IOO aRd 1800GWe, sespectivety, as compared with some
350 GWe tcday, Other studies, sucS} as the Globat Nuclear Vision Slroject being carriect out

by the Log iAgtamos Natioma1 Laboratory ia the Uxrtted SEates, projec£ simUar :anges ef nHcle3r

power cgpa£iry by 205e. 'I:he NEA Ss carTying out studies aloRg the sane lines, IR a reference

scenEgio deveioped by the Age"cy withifi Irs programme of work efi itucleai pewe! axtd

sustatnable develepment, it is piojected that wofld nuclear ¢apacity could be aro=nd
1 1OO GWe [8] by 20SO, Tbose studies show that the sce:atios in whick the $hEyre of nuclear

power in energy supp!y incTeases substaiitiaily achieve low carbon dioxtde emissioits.

Necesskry cendEtieas fgr rke s"siEsiasability of nthelear efieTgy

While there is no doubt tliat nuclear power development wcntld xedgce GHG emissions ixem

the e"ergy sectof, the challellge is to dentoi}strate that imclear poweT is a susrainable optioa,

i,e., te ensure that the oittcome is not worse whe}} using ftuclear energy thax} wheR using other

eftergy sources, Much of the NEA work supports the positiolt (hat we caii "se xxuclear energy

$afely and wmbout envixonu}efitaa damage.

'Ilhe key factors for eltstiring that nuclear energy Ss sustatmable are: adequate management of

natural resources; cotttrol of scadSoacttve emlt$sio3is; sde operatioH of i}uelear imlliries; safe

iinmagement and dispesal of f3dioactive waste; ecenomSc eempetttiveness; aRd avoi{3aiioe of

the spaead of Ruclear weapozas. Tlhe last peSAt ig Rot within the mandate of NEA and wt11 Ret

be (teat£ with ,in this paper, It is fatr to stress, however, that the fears expressed in the i960s

that the Rumber of Ruclear weapon states w{uald increase substwwialiy with the ctevelopmeRt

of nuclear power did not materiatise, rllk}e maclear non-pvelSseraSion and $afeguards regime

developed around the NPT, supplemented by regional nuclca-w¢apon-free zone agreeMe:ts
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and compleme}itcd by rk}e IRtef!iatiopai A ornic Eneigy Ageney (rAIIA) inspection system,

has gatzaed the a{theren¢e gf mest Bi tke wefld. Thts regirke, wtuch has gatned in strength in
rrecent years as a res"lt, for example, efimproved safeguards measviyes, has proved to be

effective in prQvicling the iewSeci assufaxice titvat pfoliihration remains in check.

NauytsS' greswrerces

Naturat resouirces ai}ct techiiologies extsting or uRcter developymeat covld support broacl

Ruclear development in the 21st cefttury, With cument techneXogies, known u37anium

resources weulct "ot be suthcieftt to sgppgrt significant devetgpment cf kuclear power beyeRd

tae fifst kalf of the ttext ccxxtvtry. Hovvever, uttionat ufaAium re$Qurces could be discDveTect

ai}d ecoptoirtically exploited in tirc long am. Funhermore, impfoved f"el ctestgn anct

management, and txivance(i reactors, gder wkys to redwce significai}tiy the amount of naturat

uranium regnifect per uptt of etectricity gefterared, in the long term, therii}m fuel1ed reactors

alld fuston could eularge even frkither the nucleas fesouyce base.

Sajemp

A general perception tl}at there is a high levet of sEdety iR existing pZants iS vital to

maintaiRing the susta!kabitity of the muclear powet optioR, 'Ibe safety record of nuclear

powef, particularly gn the OED area, has gemerally been very satisfactogy, In fact, a[t NliA

collective opinion pel}ISsl}ed two yeE}xrs ago feached ptst slich a cenclusieR vvith fespect to

OECD £aosIStSes [9]. Tltis higk level cf satcty can be rr}aintai"ed ip the longer term piovldect

that the OECD Meix}ber co"fttries are abie to deai witt} emergjz}g chatlepges, including:

techmicat issues, such as ageimg of existing plastts ai}d eveA more stnngent safety

requirements fof new plants; socto-ecoiiomic isslles, such as deregulaticn and privatisation;

and organisatioRal issges, such as preservXng and eRinaiicing safety cnslture, and rnajnraining

an adequaze level ef ccmpetei}ce at}d capabillty. Safety $tandEtEzl$ iR nou-OECD countrics

have not always measured "p to standards in OFCD collntrie$, However, internatieaal ee-

epeyatio2} at}d assistaiice progrmmes put into pla£e since the Chernobyl a£cident, the bread

adeption of safery culture wgrld-wScte, aiid the entsry into force and implementatibk of the

Nuclea: $atcty Convention have irapToved tiie situatieR cofisidetably,

Resdestges pyegeesigepa

The smatl quantities of fadioactive materials released by Rucleair rea{tors and fi;el cycle

facilities 2n routine epe::atien are monttored anct limitect to 2evels believed to c3use

iftsigRificfint environmeMal anct heEgali (tag}age on the basis of the recDmmendatious from the

inteniationat Comfni$sion oR Ractiological Prezectioit as i teTpreted by natIoftal feglllatiens,

Tlie geopulgtion doses resulting bom kuclear iRdustry emi$sions ef TaclioactivSty ate

momitorect and Rs$essed by the United Nations ScSentific Cotwttee on the Effects of Atoxxtic

Racliatioz} (UNSeEAR), in its 1994 repon [10], the UNSCEAR assessment showed that the

co}lective efiis)ctive ctose commimed to the worlct pop"1:gtofi tsy a 50-year pened of operatioa

ef existiitg finclear power facilines, i,e,, pewer plants, urimium rnining apd other fuel cycle

frteilities, is 2ralllion ur}at}-Sieverts (mail-Sv) as compare{S with 6SOmllJiora man-Sv

commictect by fiaturul backgrround r3diatien, auat is, the doge cemmitmexxt itom matsral

bacKground racssatioR is 325 times higher than that ikom the wofld's elttwe nu¢Ieftr power
i"dustry. T}ie[efgre, even if it i$ assumed that there would be mo fedGctioft M the nuclear

inGust!y's rra{iioacstve emissSoRs per kWh (evesi gio"gh at pre$ent there is a trend towaf(Ss

decreasing emissioRs pex KWh), n"clear electrgcity genegatiost could reaCl} 7SO thousand rwh

pes yea3r as eamparecS te less tm 2,5 tho"sand TWh pey yeasr M the 1are 90s withQpt lea{3ing

tx) a popuXation Ctose higker tham that from the natural background.

Resefg()gsttwe wasge gtsposag

Pefhaps the biggest challenge fOr the sustaikabSlity of nHclear power is to demonstrate talat

radioactive waste can be disposed of in a way such tk}at lmmaais anct the envSroiiment will not

be harmed in the distant futuTe, Nuclear fissiQn, beiRg k tngh deftsity energy scur¢e, generates
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less solid waste than most akernatives, Ci}e kilogram of uranium procluces mo:e than ZO OOO

times mere elecaicity enax} one kilogram of fossil fuels or biomass, Tlrierefore, soHd wa$te

aristng from the nuelear chain repre$ents smal1 volumes as cempared with those prodwced by

most altexBative gener2tion sources, A 1 GWe coal fired pcwer pZstnt generatos some 3SO OOO

toimes of solid waste per year, inclgding ¢1iemScais ttiat reniain texic in(lefmiteTy, A }imaclear

pewer plant of the same capacity and its sapporEing fuet cycle faeilides generfite each yeac

soute 500 toniles of lovv-level waste, 200 toRnes of inmmediate-level waste arlia 2S ronnes of

bigh-level waste whem operated once through [11],

Owing to its smai1 volume, imclear waste can be isolated fix)m the biosphere. Considerable

empe!Sence has been gained in tae past few years i" the bandling, treatment, stcrage and

disposat of low- and intermediate-level waste, tae condltioning of high-level waste, the

$terage Bf high-level waste and spen£ fue!, anct the minimisation o£ epereanomal waste, A
collective opinion published by the NXEA, the Egropean CornmissioR aiid the IAIEA in

1991 [12] cenfirms that gafery assessment raethods aire avaiXable to evaluate it}e poteRtial

loRg-te!m impact ofradSoactive waste disposai systerns on hu!ttans and the envirDnmert, allct

that approptiate use of such safety assess!nent methQds, couplect wlth s"fi]ctent information

abour proposed dispesal sites, can provide the te{thnacal basis to cteci{te whether speeific

systeins offer a satisfactory levet of safery 1lor curient and ttiture generations. A second

collective opiuion published by NEA ifi 1995 [131 adthres$es, spectfically, lihe strategy for the

final dispasal ef long-livect wastes from both ari envirDnmental and eltucal pemspective,

Mcluding cons' idesations of equity and fairiiess witmit and between genefastons. rt cencludes

that the geologicai disposal straregy can be implemented in a mamer that is sensttive to

fundamen£al etltical and eiivirormentat coRsiderations, and that it is ju$tified te coRtinue
development of geological repositories for such wastes. 'stie botrom line is that, atthouglt

experls agree that tectutical solutions exist foT the sfife ltandling and disposal of all types of

ra{lioactive waste, the i;nplementation of high-}evel waste repo$itomies is a prerequisite to

demenstrating the $llstainabSlity of lluclear power.

(lompetitiveness

Uconomic factofs wUl femain a touchstone for the depleyment ef attemative elecnicity

generation soilfces and tectmelogies and, therefore, compatitiveness ls a p:erequisite for the

commeictal development of any energy supply option and, indeed, for su$tainability, VVhiJe

ki the mid-1980s the competitive margin of nucleat generated el,ecnicity as comparcxl to coal

wfts sigwifieairt, ai}ct other generation sources were generatly much mere expeasive [14],

today, if dwect costs cniy are considered, a nuclear power plairt is setdom the least cost

option for a new generalSon untt. In most countries, lew coal, oil and gas prices prevailing en

intematienal markets, coupled with enhanced efilicieacy of ceal and gas plants, allow fosstl

fiiel$ to compete favourably with uuclear power fDr the plaslts to be built and confiectecl to the

gtict in the coming decades,

However, there are some Ifidications that nirclear power may :egaSn competitiveness, even if

eniy dnect costs are to be considered, 1[here is no feason to 2ssnme that nuclear te{ rmology,

which is Telatively you"g, camot achieve additional performakce improvements leadiug to

fusther cost reduction. Cost reductions have occurred with regard to uranium asici fuel cycle

SeiviceS as well as operation and matntenaA¢e costs. A ttumber e'f nuelear units eurrendy in

operatton have very low mafginal elecnicity generatien eosts, and those cos£s tend to
decreasa as aresult ofadditional feed-back from eKpexieace and er}hanced efficiency adlr:ieved

{hrough operation, Another factor that could improve the cogltpetitiveness of existing muctear

plants is extension of theiT lifetimes. The tect}nScat lifetsme of most operating reactors in

OECD countries was mitiatly expected to be 40 yeats. Today, many operamrs consider that

these units wil! be operated for SO years of more, The experience ae(luired in operating plants

in Iirai}ce, Japan and the Repnblic of Korea shows that nucloar power plant invesrment costs,
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whicll repxeserrt the largest share of RncleaT elecnicity gelleratiell costs, car} be redi"ced by

sCandardisatiQR klld cancieut xllEmagemerlt of pfogramr"e ITrkplemaetttation. Also, ttew rea{ t"r

designs i}ore atmeci ex fedvecing plant capita1 cests.

:rTt}e lomger-ter:rn perspective for the corapetitiveness of m]c3ear powex could aiso be imp:oved

dramgticalXy if and when exeeruat costs are factoxed into decSsions Einout xxew genesatuig

plElxltS. As a Inamer of fact, there are no significEtglt extcmlat costs assocSated wSth resSdual

emSssaops fromxzzc}ear powgf systems, 'Ilie early recogpttiou ef potemial hamlful impacts of

ltnc!ear faoi!ities lec! te stsiiigent standards and fegHlation$ anct, therefere, the resiGual health

and envirormental eosts are very smat1. Xn additiQn, ba£k-end and decomziiissianing costs aie
incladed in direct nuclear eiect!ricSty gexiexation costs.

One lmapeirrant exteraal cost assoctated with soufces of prodw{ing e}e£triciYy relexes to
security of supply. Tke analy$e$ ef the I"tamationat Eneygy Agency (IiEA) conclude that, in

the absenee of policy measureg aiming specthcrd!y ax alleviatiz}g ctependence o}x OPEC oSl,

the share of the world oil supply sllpg)lied by ePEC will ggow Stont the cufTe}it 40 per Cent to

50pef cent gr more by 2010 I4]. Also, the sustainability gf tbe "rLis!) te gas" mignt be

cliailenged eR the grounds that prasendy known reserve$ of gas repyesent some s2xty years of

suzpply b2}sed oll the pyesez}t yearly rates of conskmption, 'IEbere have beeit maEmy exarnples of

policies aiming a¢ reducistg eRergy depenctence which felnfOyced tae cempetitiveness of

domestic sources. Nuclear power, whicb is essemiaily a domestic resource and does no£ rat$e
security of supplY iss"es, woel6 benefit from such pOlietes,

Anothef significai}t extefl}al cost is the potential economic impact of grreembouse gases. :lhere

are mo firnx data bur many widely varytng estimates available on the costs of global climate

change, Govemment commitmepts, s"eti as those agxeed upon in the context of tihe
UNFCCC, rnight xesult ix} policy me3sitres aimed at inco!rpoxati#g the impact of greei}house

gas etuisstons in the ¢osts bori}e by elactricity p:educers a"d comsumerrs. Clearly, aHy
measure thax wou}d leact te recogniging the value ot xedwcing GKG einissioi}s wo#ld reinfbrce

the corapetitiveness of }igclear powef versus coal er eveil gas,

Cene)eediMg regitgrks

Igcreasing substanlial!y the share of RucleRr pewer in electr,icSty gellergtioil is teasible 2md

wo"1ct cox}tstbgte sigTiificmuy to veducix}g GHG errtissions fom eneygy systms. Indeed, tt is

xxot clear titat governments Emd indastry ceuld rely on eXectrXcity so"foes other thag nucleax

power to pgvvide the ctesired ras}ge of economic, envirei}mei}tat Emd social beflefitg.

TliereSknre, efifoms to atleviate the preseiit bamers to the implementatioil of nuclear

ptogra rnmes aie wombwhile.

rl he chatlenge wi}l be to majntain the nucleew optioit for the lofig tpm, which meams keeping

alive nuclear iwtastructur]e, and, iit pxrlScEilar, the abilSty to develop new reactors and fuet

cyc{e tech"ologies in spite of the skoxt-term syagoaston of xxuclear powef devetopment

progx3mmes in most countues. Already there are signs of weakening Sa somc aspe£ts of
1nhasttucwte, Conttnuatioxt of these trends, in pawict}!E"r in OEeD couutiies, mSght well

jeopag,citsse the abil#y to expa"d nuclearc e!xergy in a tipteiy nia:r]er wheR tkat becornes

desimble, Strengtheuing reseaxca atttct developmexxt e£fiCms aimikg Rt tlte desigza aAd
implexxieTzTa"on of a new gesteratioR of reactors vvill be a prereRuisitc for adaptlng the maclegT

lndustry te eyept mofe ¢ogipetitive electrlctty markets, while lgcreasingly skringent safety
stmdards are like!y to be implemexxted. Conljnued ectucatioft axid training of highly quatified

manpower wilI also be uregutfed.

inteurgovernmefitat organtsatioEs like the NucleRr Energy Agency can help in this precess by

offeriitg opporinxnities fos exchanges Qf inSownation aAd expeTiestce tmng. Some eiements
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of isufrastmicture, "otably research anci facilules, m&y be p:eserved mofe cost-edectively by

intcmational actton of lhe kSnd which the NEA anct other iutem}ktionat o:gax}isatioas exist to

Pfennote,
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日本の電気事業の地球温暖化問題への取り組み

電気事業連合会　原子力開発対策会議委員長　鷲見禎彦

《はじめに》

○昨年12月に、気候変動に関する国際連合枠組条約第3回締約国会議（COP3）
　が、我が国の京都で開催された。

　本会議で採択された議定書において、2010年までに先進国全体で温室効果ガス

　を蓬990郊より少なくとも5％削減するという目標が合意された。我が国につい
　ては、6％削減を目標としており、現在、国の委員会等でそのための方策を検討中
　である。

○日本の電気事業者の立場から、温室効果ガスの排出状況やその削減に向けての活動

　について紹介したい。

1．日本のエネルギー消費とCO，排出量

01990年から95年にかけて、
　は8％増加した。

日本の最終エネルギー消費は11％、CO、排出量

01990年から95年にかけての部門別最終エネルギー消費をみると、産業部門は
　5％の増加にとどまっているのに対し、民生部門、運輸部門はそれぞれ19％、

　16％と大きな増加を示している。そのため、CO、排出量をみると、産業部門はほ
　ぼ横ばいであるのに対し、民生部門、運輸部門はいずれも16％増加している。

○近年、利便性と快適性を求める国民のライフスタイルの変化に伴い、民生部門およ

　び運輸部門のエネルギー消費が大幅に増加している。

○例えば、民生部門では、大型化、多機能化や待機時消費電力を消費する製品の増加

　により、機器1台当たりのエネルギー消費が増大していることがあげられる。また、

　運輸部門では、自家用乗用車や貨物自動車のエネルギー消費が増加している。

○今後特段の対策を講じない場合、この傾向は継続し、最終エネルギー消費は

　2010年には1990年に比べて31％増加し、これによるCO・排出量の増加は
　21％と想定される。

01995年の日本の一次エネルギー供給のうち、電力用の占める割合は41％であ
　るのに対して、エネルギー起因のCO、排出量における電力の割合は28％にとどま
　っている。

　これは主として、原子力を中心とするCO・を排出しない非化石エネルギーが発電に
　導入されてきたことによる。
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○日本の総排出量は、米国、旧ソ連、中国に次いで世界第4位であり、世界全体の護

諜畿銅の占める割合が約3害llであることから、日本の翻世界の総1

　出量に占める割合は約り．　　　　　　　　　　　　　5％となる。

。脚電気事業者の温室効果ガスの削減努力は、世界の総排出量の削減に少蝦

　ず影響を与える。

2．これまでの日本の電気事業の取り組み

○日本の電気事業者は、

　　電気の供給面では
　　　原子力発電を中心とした電源のベストミックスの推進、

　　　火力発電における熱効率向上や送配電ロス率の低減などエネルギー利用効率の
　　　向上、

　　　新エネルギーの導入や普及拡大の推進に、

　　また、使用面では、エネルギー利用効率の高い機器・システムの開発や普及拡大

　などに積極的に取り組んできた。

○この結果、唾995年には1970年に比べ、発電電力量あたりのCO・排出量
　（CO・排出原単位）で、37％以上を低減出来た。

○このような取り組みが無かったと仮定した場合、1995年のCO，排出量は実際よ
　りも8700万セーC増えていたことになる。
　このCO・排出回避量8700万t－Cのうち、原子力発電によるものが約7割を占
　めており、他電源に比べてCO・排出量が著しく少ない原子力発電の推進は、地球温
　暖化防止に大きく貢献するものである。

3．電気事業の環境行動計画

○日本の電気事業は1996年11月に『電気事業における環境行動計画』を策定し、
　その努力目標として『2010年における電力業界全体のCO、排出原単位を、19
　90年の実績（0．104kg－C／kWh）から20％程度低減するよう努めてい
　く。』　ことを公表した。

○この行動計画では、電気の供給面・使用面から各種の対策に取り組んでいくことと
　しているが、その中でも、CO、削減効果の大きい原子力発電の開発の推進および原

　子力発電の利用率の向上については、今後とも安全性の確保を大前提に、積極的に

　取り組むこととしている。

4．CO、削減シナリオ

○日本のCO・排出量を、例えば、2010年に1990年レベルに抑制するためには1

　新エネルギーを最大限導入（1910万kの、省エネルギーを最大限推進
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（5600万kl）したうえで、さらに原子力発電が7050万kW必要（新設20
基程度、2500万kW）とされている。

Ocop3で国際的に合意された温室効果ガスの排出量に関する削減目標を達成する
　ためには、これに加えて、共同実施や排出権取引等を適切に組み合わせることも必
　要となる可能性がある。

○原子力発電の開発、新エネルギー・省エネルギーの推進等については、現在、国の

　委員会等において検討が進められており、6月頃とりまとめられる予定である。

5。今後の課題

OCO、排出量を削減するためには、少なくとも原子力発電が7050万kW必要であ
　り、原子力発電の重要性がこれまで以上に高まっている。

○しかしながら、原子力発電の新規電源開発は、昨今大変厳しい状況にある。

○そのような中で、原子力発電の開発を進めるためには、国民の理解と信頼の確保が

　重要であり、そのためには、安全・安定運転の実績を積み重ねるとともに、電力自

　主保安活動に関するPAや電力消費地への理解促進活動を強化する必要があると考
　えている。

O立地地域での理解を促進するためには、当該地域の振興を図る必要がある。既存の
　立地地域の発展を図ることは、新規立地予定地点での理解を深めることにもつなが

　る。そのため、電気事業者としても、国と連携して地域振興の拡充に努力していき
　たい。

○また、一方、原子力発電の利用率向上も、CO，削減に貢献するものであり、これ
　までも進めている定期検査期間の短縮のさらなる追求、長期サイクル運転ならびに
　定格熱出力運転を検討していきたい。

○さらに、原子力発電の開発や利用率の向上を図るためには、理解促進活動や地域振

　興制度の整備等において、国と電気事業者の緊密な連携が必要と考えている。

以　上
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gtgeff gke 3ggg gAXpt

Agegeeegg ¢¢geffeffegeeee

tskly
AgeriX gS$-22,X99& TffBgyo

      Exiergy CexxseeznpSion and

Carbondioxide Egstissioxx in Chiwa

           (g"tg`xgee)

      Qu Shiyuan
 Energy Researcb Institute

State Planning cominissie"

      Beijing, China

                    (] ggegeegeg

g.¢kS$eeSs ec£ggeogggic GR'giagaggk.

(g) rg"k£ Pffe$eewt SAteesstggegee

(2) 'ffke EstgggRptEoge $ff Eegit*ggRfie Gereee,gk fige geecgeeffes

2.¢kSeege9g ecee¢ffgy Cogegee#ifRgettioge geeedi Deegffg$gedi,

(g) ecwaergy ¢geges*ggagegS¢ee Eee geagg yeeaTs.

(2) ¢kggege'$ Eeeeeffgy-EeoRo#a#y dieeyEssg g99e-pt 99S.

(3) ¢kggmgSpt Eptergy gptgeasigy,

(4) ¢kgeese's Eeeeffgy DeMiakesdi kee Feeteeffee.

(S) ¢ggggeee'g ecgeetwgeSky ¢geeseeggggegg@ee rVggx.

(g) ¢kfissee'g Eeeegegy-Eegeegggsy git geeetgegeee.

3. Cgegebgpt difigxSdie eeRksAssgoee sgeeex froxgx eeeergy ¢askseexgxgegivge,

(1)Yke etrgxEssgaxt gf ecRrboEg diivxgdje,

(2) Xke geerecegeg itff ¢agebesee digifxidie eEgaRssgoge ffgrggcrg ecscdeR.

(3) Tks ggeewgk gessee esff Tke etsrbg$diexid£ ekgEgssg$ge,

ag, Tkee ggrssg£gfies off eeeeggy dieveXegefigaeittt aewd ekviffeitgggegeg geyas-

geecgggege.

(g) Tas gEgkpgegve eeeecgegy; eetfiitfizkgggge effi¢Seeeey--gg gitwee eeeeeggy.

(2) Ttr Egtrggereve eBeeegegy strifgectwre.

(S) "]S$ Reniakec gegeogeeR' eeegeegeggkiec geitgEeies･

(aj) [g"ee mggake geer$geege ffeegeegagee keedi Sa"ee,se
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   g.Ckitsu's ]lleamogegEe Grgwak.

  (a)Tkee Pifesewt SiteektEgge(see T&bgeS-g).

   Tlae ¢begrit£teegsgi£s gre ees boggews:

     Tke av£eage grgwwtk geggee geerr yekr wwks g2.tw% .

          rfigekssry istciee$gry re$£ toy 4.gS% edeeck yessx, fit9s     Tkee ge
pereetsg eqiecget dewttn ffifevrm} 27.g% Eit g99ge ao gg.g% ggm X99S.

     "grke )pmdisssgry Regse by fi75g%,very fasg, llg"s geeeereekg vv£geg

eege fue]agg 37% fist R99@ tg aj"7.33%,

     :gnlae cgitstresetggrk igeeye$ged by gS.49%, slsa fasg, k's

p£rceeeg xese iftrevssk aj.6% gge fi99op go S.aj% Spt S99S.

     Ig)rrgitsgeopttatrggit iseeKeasedi by lg.6S %, ¢oggREiaerce by g.69%,

so gke tetrgSkry find"stR'y ineptekged GgeEy by 9.8g`>E). Xrke geereegetr

itoa trese, bwatr decr£agedi fa'oggA 3fi,3% git g99$ go 28.aj7% fipt fi99S.

     Tk¢ grawtk erkte eeff pege"lagfiege waras g.R6% g y£gge.

       1]kbEeS-g. Tke Ecggeesteie grgwth dieerfiitg a99e -- g99S

                         Unit: IOOmillionYuan' %
                                           '

]990 1995

Amo"nte/o Amounte/o(]irowthrate

GDP 18548100 3270410012,Ol
PrimaryInd. 501727,1 614818.804.15

Secondary!nd.

efwhich:Ind.
Cons.

771741.6
685837.0
8594,6

1724452.7317,45
1547947.3317,68
17655.4015.49

TertiaryInd.

ofwhich:Tran.

Commerce

581431.3
lltt86.2
466625,1

931228.479.88
l9015.8110,61
7t41122.669,69

Poulation l1.43 l2Jll.l6
Note: pficeinl990 (asTl}esamebelovv)
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   (2) 'g'ke EstfiggigtSDit gf Eeageewtfie Grewwtk gva ptutware(see

tg'abfieg-2>e
      GD? vvS!g ieeexease by 9.e% ekek rvear diagffgeeg S99S-2ege. by

7.2% digeeri$g 2stgev-ZGgg.

      Tke pxgistaxy gkrkastry wySSa ris£ by g.2g% ewery yege dieeifggeg
seqs-Zgg", by 4.5S% dizzgeftpag 2(mo2eSe. ge's geegecewt iwvigk ekkgege

ffresse X8.g% gpt g99S to S.28% ipt 2eeg agd 4.Sg% gpa 2eeO.

      Tke indllgtry rvvggg rise by g.32% aRmeeessfiay deerggmg gS}9)f5-Zgga,

by 6.3S% diitsgzag 2gg"-2ggg. k's geereeptg wew decrrefigee ftgees 47,3% ige

gggs to 46% kge zego aeerk 42.s% sk 2gxe.

      Tke ¢gnsgyascSgek wiEE ffEse ky 7,g9% geer yeag destrEgeg g99S-

2gifG, by 3.aj4% rkkgraesg 2g$g･-20g& gt's per£eget iwigg ek"esge feg#ge

s,4% Est gggs ge s.g% git 2ooo Kmdi 3.s% Eit 2eftg,

      Becfttise ef qexgek greiyvth af £ostxxgeegeegkj seetgy, tkee tertizzry
Eitdi"sgvy 'wilg isteffeftse fast, aine grtsvvtka rate vvilg ke fi2.ag9% $stiteegRRy

deevimpg aggs-2ogg gtwdi 67% during 2ggg-2aag.

      ']rke geogersfiggiots wiRg in¢rease sXowXy furtrkeec, Basg geoptsgasteee in

ckgy wSgg i$erease qgkgek]y tkait kit fgerag ftrek,

           'E'ftbReg-2 Eco"etwgegeevegeptweRtiitCkgstg

                              Unit; 100millior}Yuan; %

l995 2000 201O

Am,O/D Am.O/DG.Rate Am.e/oGrate
GDP 32704100 503191009.00 IO0851IOO7.20
Prim.]nd. 614818.8 795015,8528 1240512.34,55
Second,lnd
ofwhioh:

Ind.

Cons.

1724452,7

1547947.3

17655,4

2566351.0828

2314746.08.32
25165.e7.89

4639146.06.le

4286242.56.35
35303.53.44

TertiErry

Xnd.

ofWhieh:
Trans.

Commerce

931228.5

19015,8
741122.7

1670633.212.40

29195,88.96
1383227.413.29

4205541.79.67

58505,87.20
362053S.910.10

Po.(1OOM.)
efwhich:

City

Rural

12,11100

3.5229.1
g5970.9

13.01001.43

4.l632,e3.40
8.8468.00.58

14.0100e.74

5.640.03.02
8.460.0-051
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   2.¢kgkgess Eiteegegy Cgge$*gptlgesg$ge eegerk geeeggggegedie

   (A) ecge£gegy Cewstsggggggeggopt igm geeesg yeeftrs($egy `ifgebge 2-g).

                                 ""     {)e$g wwee$ gsskege $s gggsggif eeeeegegy gge gerggYRgeE"Y gegeegegy

ecgges$Egtageggggeg ssceceeeeptgEgeg kx ag}{)estr 7S%.

      gee gkee eegeeeffgeglty ecpteesgggeggestege gke ecgssg-eeggy¢eekecRg&r $ecec$gegegeees $

lagege geeyeeeegs gbaest 77%, keed gg wves$ gegssg ggge ckeegeggeg X99geenyggP9S.

      Tke kgakoggeftS eeeergy agaggs gelayggeg gggiggeggeegeg rgege gge ¢kgstg.

      Tkee geeqecgetcr geerwyeege vyge$ veg"y $Egitgegkecr.

           Tkkge2-S eceeexgy Cegesssxergpkggst gengrkitg S99ge ･- S$9g

                            unit: mMionTce; %

l990 l995

' AmaountO/G Arrxour}tC/cGrowthrate
Total

ofwhich:eonv.En.
;2so.e3loo
987,0378.96

1533.15lee4.i8
l311.768S,56S,85

coaj 752."76.2 9785774.65.41
gii 163.8516.6 229,S61756,98

xaatura]gas 20.732.1 23.6j1.g2.64
hdfoower 50.345.1 76.225.8g.65
nueieower 3.80O.3

renewableenergywa 263.0021.04 221.3914.44-339

TetalElec.Cons. 623e.4100 10023.41009.9g
efwhich:cealele. 4706,475.54 779g77.8010.63

hd.ow. 12672034 l906l9.01&51
"uc.ow, loox,oe

eil-asow. 2SO4,Ol 211.42,ll3.30
oth¢rM 7O.10 gO.e82,71

ceal

gas

notes: (1) The calorific capacity is as fbllows: lkgce is 7000 Kcal,, 1kg

  is 5000 Kcal., lkg oilis 10000 Keal, 100 rnillien M3natura1

  is 93lOC Kcal.

(2) Coal Consumption oflkwh gre as follovvs; 3,92 gce in 1990,

  3.7ggcein 1995,3.69gce in 200, 3.30gcein 201O.(as the sgsne

  below).
(3)X Sncluding new and biological eRergies(as thc saine belew).
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(4)The p{ rcezzts ofcoal eil nat"ra1 gas hydrepower agd nuc!ear power

  are for conventionaj eftergy.

   (2) ¢ktwss's Egeewgy-E¢geetsggg:y Deegekgmg g99e-g99g(seee TkkRe 2w-2).

     Tke grgnevgk ffage aff epteeifgry etsitg*ggNge#igk wypas g:gg$ggece gkgege

ececitgegegggy. Tke eRge$gRcag:y gff eegeeeergy ecoptseeRcrkpgSaee sF¥$s R£ss gkgege g.5.

      Tke eekegegy Engeee$figy ssgedi egecergrSekgy igeaegesEty feageeffe keecettgRieeg

sgeegeRReecr, eeageegegy sawgeeg $ged egecegrgecgty sssvgstg weptgy geeesgfikcrkgebfiee.

      rcg£cgrgcggsy wggg ggRecyeeftse agakickgy, gke egggstSegby gff egeegeSecksk]y

eempeeergkptgaag '"xvggk bee eeeegeggeg gbge.

Table2-2C})inft'sEnerg -Economduri"gl990-199S
1990 l995

GDP(1OOmi"ioi}) 1854g 327C4

(}rowthrateofGDP(O/e) l2.01

EnergyCons.(MZ"ce) 9g7.03 l311,76

Grow.rgteofF.nergyComs.e/o) S.85

En.Intensity(Tce/IOOeOY,) S.32 4.el

TherateefEnergySaving(O/o) s.so

ElasticityofEnerCons"mtion e,4g7

EenefgySaving(MTee) 428.42

ElectrieitCons.(IOOMkwh 6230.4 lOe23.4

Grewthrateofelc.gonsi(e/o) 9.9g

Elasticitofelc.cons. e.83l

Mec.gntensity(kwhlyuan) 0336 O.306

Therateefeleciricitysaving

(c/e)

l.g5

ElectrieitySaving(IOOA(gkvvh) 9gl
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(3) ¢kingSs ecgeergy Snteasity(gee Tabile 2-3)e

  Eitegtgy aptg efieetricigy Egetext$ity ivvS]g beeoitRgitg sgeggE#ere

  Eitstergy gavEitg apadi egeetvEegty gavEreg willE be regatsrkrkgbke,

 YakEe2-3 Ckiitg'$EpteTgyXwtensityandiEitergySavfiitgRnte

                       gag getstge gte

                Unit Tce/100ooyxiau; kwhtleOMYuan; %

1990 1995 2oeo 201O
Inten, Inten,S.Ratc Inten,S.Rate Inten.S.Rftte

En.inten. 5.32 4.015,49 2.906.2g 2.053.41
Ele,lnten. O.336 O.3061,85 O.278l.90 O.2481.14

Note: Only including c(mvcntional energy hcre.
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   <4) Ckggea'g Egeegtgty ptemkasdi i" Fwtaxe(see Tgbefte 2-4),

     Tke geereegea gff CottR vvggg sti]] be gaygeg, bptg wwgag keaje{)gffitgKg

sgxggeSgege.

     Tke giteregese gf oaP wggfi k£ ggewSy.

     Nga"rgeE gks, kygrgpewvey aptd steeeRerpoNyvef wggg fies¢eeasse fasgg

beea gkeiy per£ezzt vvgXg sgigg gwtssiteg,

      AEtkoaggk kydrQpowev eseedi gegeeeeergegw£r wggR ipter£ks2
agsugekly , thergffggE powwex wigg $eeoaxgee fog' fi gabgeger geer¢egeg tklt"

egkeR's,

TftbRe2-4 China's asmeygy PekaaaRdi kit ptutwre

                     Unit: Mtce; %

2ooe 2o1e

Amounto/o Amounte/o
Total(Mtce) 1709.89100 2360.21100
ofwhich:Renewable(Mtce) 25014.62 297.712.61

Cenventional(Mlsce) 1459.8985.38 2062.5187.39
ofwhich:Coal(MT) 145070.91 185064.le

Oil(MT) 2102056 28019.40
Natura1gas(BillionM3) 302.73 805.IO
Hydropower(BillionKwh) 2205.43 4gO.89.4e
Nuclerpower(BillionKwh) l5O.37 1002,OO

TotaIEIeetricitBillionKwh j400IOO 2seoloo
ofwhich:Therinalpower !l6583,2 212585,C

Hdreower 220!5.7 345l38
Nuoleower 15l.1 30S,2
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   (s) ckgmeys Egecg#Eeiey cifitptgeEgkptfiee ]twgg%(see "g"tcepgec 2-s).

     'Srke geeeffeeegkg gg cptssg-eegeetffgegg:y wvggg ll}ee keecoggpggeg ggifgeege ffgeggffn

fi 99S te 2geAig geeedi recgeck gg.3% Sxt 2$g$.

     Tkee geeeyec£eeg eff k:srdiregegwyecg $gedi dvSfi-eegeeecgrAeckst:y warggfi kee

diecscreggSssga

      sseek@eegk geee£geessifgeoEenjege zaged geeNkw epteggy eegeeecggiSecSaty wwgkg

deewegoge fa$s Sit ffssgeegeec gkeegy geeg･eceegegSi kwi,ggP be wee)rsy ssskftgR.

tg7gebegee2--S Egectrgciey ¢aitgsskageggapa ggees Deeg#kgegRdi gee ¢kggeas

             Unit; leOmiliionkwh; i),1,

199e 1995 2ooe 201O

Arnounto/o AmountO/o AmountO/o Asnounte/e
Total 6230.4100 le023,4100 14000100 2soeeleo

coale]e. 4706,47S54 779877,gO 11356gl.1 20g25g3.3
l}d.ow. 126720.3.il i9e619.01 2200i5.7 345013,8
nuc.w. leo1.oo l501,1 3001,2
oilasew, 2SO4.01 21142,ii 2go2.o 375].5

otheren 7O.IO go.os i4O.1 SOO.2
X }ncluding new and biological energieg.
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   ($) ¢kggeg9s rcgeeergy-gee*ge*gee&, gee esgegggffgy(seeee Tkkge 2-$).

     Tkec ggegempwgge creegee gff esteegrgy ec$ee$geBgggegg@ee wggE bee $gsgeeggeege gkeege

asgegeggky $gedi gke eegk$eteegty iw:ygRg be gg}ss ee.S.

     geeeeegeggy ggegegeskgsi iif,yggP kecec$ggge sgeRkggege $eerk emeeeffgy sgewggeg wygeg

kee ge#ffgg$geEKgeskgec,

     Tkge gif*ewgk getsgee $ff eegseecgrfierggy, fisag,Egg gmee g&ffgecge gkasge eeeeeffgy

egegegeeggggeg5$ge gggeg fkee eS$sgEecfiE:r eerggS kee geeegptgeg g.ee,

     Tk$ egeecggrgeegty ggegewggagr eq,ggg beecgegg:kee $ptyig$Eger esktee eegeeecgg-gggg}i

g$njggeg ngagrggE geee ffeggR$gekitkgee,

      TkbEeZ-es 'g'heee ger¢seagg $ig$faggeee geedi gropgeeeegggt $ff ec. eeeeyggsr Cagstsesgeggeggevex

                            gge ciggeeam

199S 2egg 2ggo

GDp(aeeix]iisiek 327G4 sesgg agegsz

6T{>wtikrateof6DP(%) 12.gl g.e 7.2

ERewCgnsuzx}tkoikxxxi;}ieftTce 131i,76 i4S9.g9 2C62.5i

&ovv.x'ategfF.nerCons.(O/o S,85 2,a6 3.52

Ega$ticitofERerCeRst]mtign e.4g7 o.24e g,489

Efterin1£msSt(1'See!ieOOOV.) 4.el 2.9g 2.es

TherateefEnergyStsvingO/o 5.SO 6.2g 3AX
EsierSavingxki}HonTce) 42g.42 s*g.s4 g5723

ESe.¢ttn$."GOgniHioxikwh) 1O023.4 l4gog 2sitgg

(}}rewthrateefEie.eons,("/e) 9.9g 6.ge 5.97

Ega$tkcitofEle.cozis, e.s3a O,7S6 g.g2g

Ege.int£xmsit(kwkYuan) g.3g6 g.278 g.24g

Therateefeleetrieitysaving("/o) g.gs S.90 g,14

Eie.Sewing(lgexniilienksvyh 9gl wae93g26
X C)ndy inciuding conventional energy here.
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   3. Cl%ffkeveedifiitxgde

Tgkge 3-a),

eegeggs$figge gtegee koEgR eegeergy eeitseeggapgok(see

   <N> Tk£
gkee ffgegesye.

ecmgsgssSgezz eeff cgybifk diSevxfidie is ggrr'ge $padi se,vgEg geee)l'ezase gee

   (2) Tke geeeifeegeg ¢ff etsrbowa diSgwtdie eegysgsstigee frexgs eokE is ssmedi wyEEfi

k£ mfkptffe thgee 7g%. ge$g ee wERg twaEptEe gtrgakgkeer gptgdigegflRy gk tweeere.

   G) Tke grewvgk essge off egifREssgege ffrercrxA eessg sryfiRg ffise diesrieeg gke

pteexa gege yetwrg. gegt the gr$wwgk rRtes esff egeNSggfieee fffeKena egg ssitd ituteerga

g$s wtgE dieeeyeggse.

Table 3-l Carbondioxide Emission Estimatidn

          iUnit:Tclllrce; %

1995 2000 201O

Am,Pc. Am.Pc.6.R. Am.Pc.G,P.
ceal 6`gr948l.58 6791677,83l.l3 g665175482.47
oil 13tl-S2l7.09 175gS20,155,5e 2344720.422,92

natus'alas 10441.33 176tg2.02ll.06 ig7034.IO10.30
T
o
t
a
l
'

7g69e100 87265IOO2.e9 1148el1002.78
   Not¢: The eraission factorg arc as follows: o.656 for coal; o.5g6 for oil; o,442 for

Ramiral ggs.

   4s Tkee

pge@ge¢gggeza.

geg$geegies ifff eegmeifgy digyvefievgegec}egeg assedi eitviroptRtraepte

(k) 'ffs ggerBgegstvee eeee£gegy eeggRSzagK&it eewteiept¢y--ges sgve egeegegye

   -e･ao skeveefigge eegvkktrssge geckitggggy,

       bp   -- ges Rmeragereve eeeekitggRpe sggteeecgaxgec.

   -･- gig gftgaR)geove e$ergy pxRgeeagekleptg.

(2) Top gggEgeygevee "eeeergy sggees¢geegeec.

   --- gg diecweeRgge krvdir$ge@svveeff.

   --- gg dieweegtsp geee¢g£kge geitvver.

   --･ gif SitcR'e$$ec egitsesggEgeggoge eff geEg ftged kageerkS ggs.

   -- ee ergse gkc geeeifcereg aff ecaag grsstsgfogrRggRgeg knd gerGeessing,

(3) Tg RgRftkee gerifgeeg eco$ifggRge gegRg¢Ees,

(aj) Tge iteaske gegeggeege rsegeegkaes $stS Ekwvg.
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第31回原産年次大会（1998年4月20～22，東京国際フォーラム）

　　　　　　　　中国におけるエネルギー需給と地球温暖化問題

　　　　　　　　　　　　　　　　　　　　長岡技術科学大学助教授　李志東

1．渠隠隠先生の原稿の要爵

⑦経済発展の現状と見通し
　高度経済成長が維持…されている．1990－1995年の年平均成長率が正2％．工業化が進行中。

第二次産業の比率が90年の42％から95年の53％へ上昇，その他が低下．

　将来に関しては，2000年まで9％，2000年～2010年7．2％，15年平均7．8％を維持，GDP

規模は95年の3．08倍．第三次産業の比率が上昇，その他が低下．

②エネルギー消費の現状と見通しqεAベースとは比較不可能）

　エネルギー消費が堅調に増加．90－95年5．9％，GDP原単位ベースの省エネ率は55％（90
年より25％低下），石炭中心だが，比率が低下，石炭76．2→74．6％，石油正6．6→175％。

　将来に関しては，2010年は95年の1．57倍，平：均伸び率3．06％．省エネ率は437％（95年

より50％低下）．石炭中心だが，比率が低下．石炭746→64」％，石油17．5→19。4％，天

然ガス1．8→5，1％，水力5．8→9．4％，原子力0．3→2．0％．

③二酸化炭素排出の現状と見通し

　20正0年のCO2排出：量は95年の1．46倍，平均伸び率25％．

④エネルギーと環境保護戦略（箇条下記）

　D省エネ：技術進歩，経済構造，管理

　2）エネルギー構造の調整：水力，原子力の開発促進，石油天然ガスの利用促進，石炭加

工度の向上

　3）経済政策　　　　　　　4）規制強化と法制化の促進

2．脱石炭化について
①渠先生原稿に対するコメント：

　高度成長を前提とする場合，エネルギー需要が増大し，環境問題が深刻化．省エネ率が

4．4％と高く仮定するにしても，消費が3％以上で増大．

　しかし，もっと増える可能性が大きい．理由は省エネ率が過大ではないか？

　購買力平価（ppp）評価の原単位は現在日本のL5倍，4．4％で低下すると，2010年に0．75

倍．臼本が年率19％の省エネをしないと，20正0に，中国の効率が日本より高くなる？！
②省エネを促進するために，また，環境問題を解決するために，脱石炭化を実行するしか

ない．石炭は効率が低く，しかも，環境問題を誘発する．

　大気汚染，酸性雨，温暖化などの国内環境問題と地球環境問題の主因は，高い石炭依存

度にある，粉じんの70％，二酸化炭素の80％，二酸化硫黄の90％以上が石炭に起因．
③脱石炭化は短期的には石油天然ガスを中心に展開される．

　現状：中国は豊富な石炭資源を背景に，建国初期から石炭中心の自給自足型エネルギー

需給構造を形成したが，それを揺さぶる動きは今回を含め工回あった．

　1952年95％→1976年72％→1990年78％→1995年77．4％（746％）．
　　　原油開発成功　　　　　低迷　　　　　　さらに低迷

　　　石炭→石油　　　　　石油→石炭　　　　多様化

　　　自給自足　　　　　　自給自足　　　　　石油純輸入

しかし，90年代初期から進展中の口減の構造変化は前回とは異なる様相を見せている．

　一方，石油，天然ガスの輸入確保，航路安全と経済負担能力の問題は何れも解決できな

いものではない．CNPC（中国石油天然ガス総公司）とSiNOPEC（中国石油化工総公司）
の元社長が3月の内閣改造で入閣した．これは脱石炭化の流れを加速させる要因となろう．

④中長期的には，原子力，水力，風力等の自然エネルギーが期待される．

⑤中国の脱石炭化はCO2削減の共同実施のチャンス．
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地蒙温襲艦；問題とユ＝ネノレギー一

（財）日本エネルギー経済研究所

　　　　　　　理事　十市　勉

1．京都会議の意義とその評価

近代工業文明の見直しを迫る第1歩

エネルギー資源利用のグローバル管理の時代へ

南北間および世代間の公平牲と世界の人ロ問題

温暖化防止対策と実効性、効率性、公平性の原則

不可欠なグローバルかつ長期的視点からの対応策

露．C◎2誹出削滅策と世界のエネルギー需給システムへの影響

確実な開発途上国を中心とする世界のエネルギー需要の増加

化石燃料のクリーンな利用と発電効率の向上

必要なライフサイクル・アセスメント（LCA）手法による温室効果ガスの影響評価

原子力や自然エネルギー等の非化石エネルギーの利用促進

技術革新によるエネルギー消費効率の飛躍的な向上

一段と重要性を増す先進国から開発途上国への技術移転

3。地隷下瞬化問題とわが国エネルギー政策の際題

グローバリゼーシ雪ンとエネルギー問題のパラダイム・シフト

エネルギー安全保障一一国主義からアジアを視野に入れた国際主義へ

経済のグローバル化で強まるエネルギー市場効率化の要請

地球温暖化問題一市場原理を最大限活用した解決策の追求

　　　　　　　　排出権：取引、共同実施、クリーン開発メカニズムの活用

エネルギー・ゼロ成長社会に向けてのわが国の課題と問題点

長期エネルギー需給見通しと原子力、新エネ、省エネの将来

経済・社会システムの省エネ型への転換と国民意識の変革

重要な政策手段の「ぺ潜。ミックス」一自主努力、規制策、経済的手法
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日本社会の変革と原子力開発

三菱マテリアル株式会社

取締役社長　秋元　恥辱

1．はじめに

　1973年の石油危機以降、日本は省エネルギーとエネルギー源の多様化に

取り組み、一定の成果を上げてきた。原子力発電は石油代替エネルギーの中核

として、一次エネルギー源の約1／6、総発電量の1／3強を占めるに至っている。

このような長年の努力にも拘わらず、日本のエネルギー供給構造は未だ十分と

は言えない。　1994年現在、日本はエネルギーの57．4％を石油に頼っており、ま

た、エネルギー全体の8割強は輸入である。これは、日本と同じようにエネル

ギー資源に乏しいフランスの輸入依存度が50％以下であるのと比べると著しく

見劣りがする。

　近年、探査や掘削技術の進歩により、石油の供給は安定しており、また最近

はアジアの経済混乱による需要の低下もあって価格も低迷しているが、中長期

的に見ればエネルギー危機はいずれ訪れるものと覚悟しなければならない。2

1世紀を前に、日本のエネルギー・セキュリティについてもう一度見直してみ

る必要があろう。

従来のエネルギー・セキュリティの議論は、日本についての、それもせいぜ

い20～30年程度の期間を対象にした場合が多かった。しかし経済活動の規模の

拡大に伴い、そのような狭い範囲の議論だけでは不十分になってきている。時

間および空間の双方について範囲を広げて傭寓する必要がある。

2．時間についての視点

　時間に関し、短・中期的な視点と（超）長期的な視点がある。

　短・中期的には、資源の量的な制約よりも経済、政治、社会あるいは環境影

響の面からの制約が問題になると考えられる。日本が消費している石油の約80
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％は・政情が不安定な中東からの輸入である・これは・石油への依存度が大き

いことと併せて・日本のエネルギー供給基盤の脆弱さを示している・石油依存

・中東依存からの脱却が大きな課題である・社会的には中央政府の指導力の低

下と地域エゴを容認する傾向がNIMBY現象を生み・立地に多大の労力と時

間がかかるようになって来た。着手から発電まで20～30年を要するケース

も多くなっている。また、環境問題、特に地球温暖化問題がエネルギー供給の

上での大きな制約要因になりつつある。昨年12月のCOP3京都会議では、こ二

酸化炭素等の温室効果ガスの排出を先進国全体で5．2％、内日本は6％を削減

することが決められた。長期的な二酸化炭素ガスの蓄積の影響が、科学的にか

っ確実性を以って予見されている訳ではないが、手後れになっては取り返しが

っかないとの理由で、　「後悔しないための政策」が採用された。二酸化炭素ガ

スを大量に排出する化石エネルギーの使用を抑制しつつ、持続的な成長を今後

も維持していくためには、原子力や再生可能エネルギー等のクリーンなエネル

ギーの割合を拡大させなければならない。短・中期的には太陽光発電等の新エ

ネルギーは供給の主役にはなり得ないことが明らかであり、原子力の拡大が、

エネルギーと環境との両立を図ることのできる唯一の道となろう。

　長期的には、資源の量的な制約一化石燃料の枯渇一が現実の問題として浮上

してくる。もちろん、化石エネルギー資源が突然枯渇するのではなく、エネル

ギー危機が何度か繰り返されるうちに、ちょうど波が繰り返し押し寄せるうち

に潮が満ちてくるように、量的な限界が近づいて来る。振り返ると、70年代

の2回の石油危機は、波打ち際で遊んでいるところに突然大きな波が来たので

驚いている子供の様子に喩えられるかも知れない。今は、波は全く無いが潮は

腰の下まで満ちてきており、来世紀中頃には、潮は胸まで満ちているであろう

。そして、その状態で受ける波（エネルギー危機）はずっと厳しいものとなる

のに違いない。現在のように、廉価な石油が豊富に、事実上無制限に入手でき

る時には、将来のエネルギー資源の開発に消極的になるのはあるいはやむを得

ないかもしれない。しかし、まだ余裕のある今のうちから、将来のエネルギー

源の開発に取り組むべきである。新エネルギーの導入も積極的に行う必要があ
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ろう。原子力においても・ウランの使い捨て（ワンススルー・サイクル）では

エネルギー資源の枯渇に対する解決策にならず、高速炉によるプルトニウム・

リサイクルが必須のものとなる。高速炉およびその燃料サイクルについて、開

発のリードタイムを考慮して早期に準備していくことが重要であり、エネルギ

ー危機が発生してからでは間に合わない。ここでも、　「後悔しないための政策

」を採るべきである。

3。空間についての視点

　従来のエネルギー・セキュリティーは、日本という国レベルの空間を想定し

ていた。しかし、今後は国レベルだけでなく、グローバルな視点とローカルな

視点とを併せて持つ必要がある。

　昔と異なり、各国の経済は密接な関連を持っており、1国の都合だけでエネ

ルギー供給を考えることはできなくなっている。アジアの経済発展は同地域の

エネルギー需要の急増をもたらし、1995年には日本を除くアジアの石油輸入量

は日本の輸入量を越えるに至っている。しかも、アジアのエネルギーの中東依

存は極めて高く、日本と同様脆弱なエネルギー供給構造をしている。アジア全

体としてエネルギー・セキュリティを考えないと、1国のエネルギー危機が地

域全体を危機に陥れる危険性がある。地球温暖化や酸性雨等の化石エネルギー

使用に伴う環境影響は地球規模での対策を必要とするが、このこともグローバ

ルな視点を持たなければならない理由である。

　日本だけが石油を一人占めできないのと同様、日本だけが温室効果ガスの排

出を減らしても効果が無いのである。エネルギーの問題は、一国のレベルで解

決できる問題では無くなっている。既に述べたように、原子力は地球環境とエ

ネルギー供給を両立させ得る現実的な唯一の道であるが、日本自身が原子力発

電所を増設するだけではなく、積極的な原子力開発が計画されているアジア諸

国を、技術（原子力安全、核物質管理）および経済面で援助してゆくことが大

切である。そしてそれが、アジア諸国にとっての利益だけでなく、日本のエネ

ルギー・セキュリティーと環境にとっての利益に繋がってゆく。
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　グローバルな視点とは逆に、ローカルな視点、すなわち国内の地域毎にその

特性に合せたエネルギー供給を考えていくことも重要となってきている。風力

、太陽光、地熱等の再生可能エネルギーは地域の特性に依存するところが多く

、地域毎の産業基盤を活用したIPPや、地域内で行われるリサイクルと関連

したRDFと併せて、その地域に適したエネルギー供給を選択してゆく必要が

ある。これらのエネルギー源は、エネルギー供給の主役にはなれそうもないが

、分散型の補助エネルギー源として、また将来目指すべき循環型社会の基盤と

して重要である。硬直的な、原子力と再生可能エネルギーの二者択一の論争で

はなく、両者の最適な組み合わせ一ベストミックスーが要求されている。これ

は同時に、集中と分散のベストミックスの要求であり、また、環境負荷の低減

化と持続的な成長の達成を両立させようという要求でもある。

4．おわりに

現在、日本は明らかに変革期にある。それはパラダイムシフトとでも呼ばれ

るべきもので、今世紀前半の半導体の発明に起源を持つ情報化革命が、社会的

な変革を巻き込んで、ようやく集大成されようとしている。現在は、来世紀初

頭にも予想される本格的な情報化社会の到来を待つ夜明け前に喩えられよう。

来世紀にはまた、循環型社会が実現されていなければならない。地球環境の包

容力と資源は有限であり、その制約の下で爆発的に増加していく地球の人口を

支えるためには、物質資源のリサイクルと環境を護るための廃棄物処理がきち

んとなされなければならない。一方、エネルギー消費を切り詰めることは巷間

に言われているほど容易なことではない。情報化にも、省資源のためのリサイ

クルにも、環境を護るための廃棄物処理にもエネルギーが必要である。エント

ロピーが一方的に増大し、エネルギーが散逸していくのは熱力学の教えるとこ

ろである。省エネルギー化を進めたとしても、文明の進歩と共にエネルギー消

費が増加することは避けられそうもない。また情報化社会の到来で、エネルギ

ー使用形態は化石燃料から電気エネルギーへと大きく重点を移してゆくだろう

。持続的な発展を支えるため、安定供給が可能なエネルギー源一原子カーが絶
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対に必要である・

現在のような変革期において、今何をなすべきか、方針を決定することは必

ずしも容易ではないかも知れない。しかし、視野を広げれば自ずと道は見えて

くる。広く、グローバルに傭緻する視点が要求されている。グローバルな視点

に立って初めてエネルギー資源の偏在と地政学的問題、あるいは地球環境の問

題が見えてくる。そして同時に足元を見つめる必要がある。個々の人々のエネ

ルギー消費行動が地球環境に直結しているのである。時間についても、遠く来

世紀後半以降、化石燃料資源の枯渇までを視野に入れる必要がある。そして、

いっ来るか分からないエネルギー危機に備えて、そしてその時後悔しないよう

、代替エネルギー源の開発に真剣に取り組むべきである。最後に、地球環境と

エネルギー安定供給を両立させ得るのは原子力しかないこと、将来のエネルギ

ー資源に備えるには高速炉によるプルトニウム・リサイクルが必須であること

を、もう一度強調しておきたい。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以　上
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JA?ANVS SocgAL REeeRMS AND NevCLEAR ENERGY

      Dr. Yumi Akimoto

      President and CEO

Mitsttbishi 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 Row a leading alternative source of energy, accounting for

about one-sixth of all primary energy sources aud generating raore thall olte.

third of all electric power. Despite these long-term efforts, however, JapaR's

energy supply system remains insufficient. As of 1994, Japan still relied oR

fossil fuel fbr 57.4% of its energy Reeds and continued to import more than 80%

ofits energy from abroad. By compaMison, 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

resu}ted 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 ofenergy security tend to focus on periods ofonly 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. FROMTHEPERSPECTIVEOFTIME

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 8e% of its petroleum from the politically unstable Middle East, a fact
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which demonstrates Rot only our eRormous dependeRce on fossi} fuel but also

the fragility ofour energy sixpply strikcture. Byeaking our reliance on oil and

the Middle East is a major priority fbr us. The waniRg power of Japan's central

government and the growing autonomy of regional communities have givelt rise

to an NIMBY phenomenon. It now takes an incredible amount of time and

effbyt to get a nuclear plant built. In many cases, 20-30 years pass between

staxting construction and opening day. Environmental problems (especially

global warming) put ever-increasing restrictions on our energy supply. At last

December's COP3 confereRce in Kyoto, advanced nations agreed to reduce

emissions ofcarbon 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 ofcarbon dioxide gas accumulatioR, but any effbcts will be

hard to erase after the fact and so we have decided to adopt certain policies "just

in case." We shall have to incxease our use of nuclear power, renewable energy

and otherc clean energy sources in order to reduce cogsumption of fossil fuels

while maintaining steady growth. New energy sources like solar power are

clearly not going to meet ouy major energy demands, at least not in the short-

term. Indeed, expanded use of Ruc}ear power seems to be the only way we can

obtain the energy we keed while protectiRg the environrnent.

In the long-term, we are faced with a major resource limitation: the drying up

ofour fossil fuel reserves. This won't happeR all at once, ofcourse. Instead,

we are likely to undergo a series ofeRergy crises as we approach the end ofour

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 ofthe coming centuyy. Ultder

these circumstances, the inevi£able energy crisis - when it comes - will be a very

powerfu1 wave indeed. Today, wheR we have access to a seemingly limitless

supply of reasonably-priced petroleum, we are naturally less than enthusiastic

about developing Rew sources of energy fbr the future. Nevertheiess, now is

the time we must begin planning for tomorrow, whi}e we stM 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 a

solution to our resource limitations. We are going to have to start recycling

plutonium in fast reactors. Developing such reactors and a suitable fuel cycle

is going to take considerable lead time. We must begin today; after the energy

cptisis occurs, it will be too late. Here, as in other areas, we must adopt certain

policies "just in case."

3. F[ROMTHEPERSPECTIVEOFSPACE

Conventional notions ofenergy security have always been based on the national

level. From now on, however, we need to combine with a global and a local

perspectlve.

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 eneTgy structuMes 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

regionatrisk. Theenvironmentalside-effectsoffossilfuelconsumption(globa}

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. EneTgy problems can no

longer be solved by one nation alone. Nuclear power, as I have said before, is

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 eechnological assistance (for matters Iike 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 secuTity and the world's environment.

We must also think about specific energy needs at the loeaHevel. 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

source of power, but they play an important role in helping to decentralize

eRergy generation and promote recycling. We don't have to choose between

nuclear ellergy and renewable energy. Instead, we need to develop the right

mix ofboth. 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 ofthis 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 is, 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

grreat care. Reducing our consumption of energy is not as easy as it sounds.

Energy is required to sustain our growing infbrmation technology, to recycle

materials and to dispose ofwaste products. The law ofthermodynamics states

thatentropyincreasesandenergydissipates. Nomatterhowsuccessfulweare

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 ofenergy 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 ait expansive, global perspective. Only when we look a£ the

world as a whole, we can see the uneven distribution of natural yesources aRd

geopolitical issues, and also see global eRvironmental pyoblems. At the same

time, we must also take a loRg, hard look at the ground arouRd our own feet.

The manner of energy consumption of each individual have a direct impact o"

the globalenvironment. We need to keep in mind that our supply offossil fuels

is going to dry sometime after the second half ofthe 22st century. There's lto

telling when the next energy crisis will occur, so we must begin developing

al£emative sources ofeRergy now.

Finally,IwouldliketoreturntotwoessentialpoiRts: nuclearpoweyistheonly

way we caR protect the envixoRmeRt while generating a stable swpply ofenergy,

and recycling plutonium through fast reactors is the only way we can eRsure a

supply ofenergy for ehe fut"re. x

II - 4 -10



グレゴリー・クラーク

　いま8本の社会が直面している問題を観属するのは、そう難しいことではない。日本は

これまで伝統的な、ということは封建時代終了以来の、価値観に基づいて今日あるまでに

発展してきた．その意味では、日本の発展は北…i一ロッパ諸国一とくにイギリス、ドイツ

＿の発展と似ているといえる。けれどもこれらの価値観は必然的に、大規模な近代的産業

国家を営んでいく上で必要な価値観と対立する．イギリスとドイツはもう百年以上かけて

ゆっくりとこの変身をとげてきた。だがB本はほんの10年やそこらでそれをやろうとし

ている、

　なお悪いことに、日本はいまひどい不況の中でそれをやろうとしている。しかもB本は・

その過程で、北ヨー羽口ッバ社会が犯したと同じまちがいを犯そうとしている。というのは、

不況の時は、自然な本能として、人々は消費を控え、政府は支出を削ろうとする、だが以

前ケインズという経済学者がいったように、不況の時はまさにその逆のことをするべきな

のだ。ひとびとがもっと消費をするように騰まし、政府はあらゆる辛段を講じて景気を刺

激しなければならない。

　脚本がこのまちがいを犯している原因は、ひとつには1980年代のイギリスとアメリ

カの例を見ていることにある。この二国はたしかにこの時期に大改革をやった一企業再編

成、自由化、民営化、小さな政府、等々、しかしながらこれらの改革の泣接の産物はひど

い経済不況だった、この経済不況を救ったのは、きびしい通貨切り下げである。日本もや

がてはこういう措置をとるべきなのだ。掩だしそれは日本の経済が回復の兆しを見せてか

らのことだ。

　半割の兆しが現れるためのポイントは、塗しい産業、新しい技術、そして新しいタイプ

の擾資だ。そうした新産業のひとつとして、当然、原子力関連産業が発展しつつある。臼

本でも他の国でも、原子力をめぐる危険に対する不安が大きい。とはいえ歴卑的に見て、

人間はいつも新技術に対して不安をいだいてきた。曹は鉄道、航空機、自動車輪送などが

危険で、環境を破壊するものだと恐れられていた。また電力というものも恐れられていた。

そんな例は枚挙にいとまがない，人類の歴宋とは、こうした恐怖心を：克服し・新技術のフ

ロンティアを切り開いていった歴史でもある．

　こう言ったからといって、原子力に危険が伴わないと言っているわけではない。だがす

べての新技術についていえるように、経験を積むことで危険は次第に減っていくものだ．

そしてつねに、　「それがなかったらどうなるか」ということを考えてみる必要がある。も

しいまでも馬と帆船に頼っていたとしたら、果たしてより安全だといえるだろうか。原子

力の事故は人に危害を与えることもある。だが石炭や石油によるエネルギーも無傷ではな

い。その場合は、大気汚染がある，資源も緩ちれている、毎年世界中で炭鉱事故による死

者が数千人にのぼることもたしかだ．これらの人の命や、またたいてい幼い子供のいるか

れらの残された家族の悲劇は、原子力発電で起こる可能性のある事故による被害に比べて、

軽微だと考えてよいのだろうか。原子力と馨う断技術に反対する人々は、この問いに答え

なければならない。またかれらは、とりわけ，世界が火力発電に依存し続ける場合に地球

全体の温暖化をどうするか、明らかにしなければならない。
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　　　　原子力発電所をめぐる「近親憎悪」と「相思相愛」

　　　　　　　　　　　　　　　　　　　　　　さいかわ　まさずみ
　　　　　　　　　　　　　　　　　柏崎市長　　西　川　正　純

1，20世紀は人類を幸福にしたか

2．21世紀、人類はそして日本はどこに向かうか

3．人類と原子力発電所、その近親1曽悪

4．にもかかわらず、相思相愛をめざす原子力発電所立地自治体の

　努力、そして訴え
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セッション21「日本社会の変革と原子力開発」

　　　　　　　　　　　　東京電力㈱取締役原子力本部副本部長

　　　　　　　　　　　　　　　　　　　　　　　　　　宅間正夫

日本社会の変革と原子力開発について・・DD・3点に絞ってのべる。

1．　我が国は明治維新以来、つい今日まで物不足解消のために経済社会全体に生産

者論理が支配したきたといえる。生産の効率性のためには、限られた専門集団に権限

を集中させて中央集権的にことを行うのがよかった。産官の護送船団方式がその一例

であろう。原子力開発もその例外ではなかった、といえよう。また、電力消費地域と

生産地域の問題も、こうした社会を背景に生じてきたのではないか。

　技術の語源は古代ギリシャ語の「アテレイア」で、「かくれたるものを現すこと」を

意味するといわれる。「自然」のなかに隠れたものを明らかにし、花開かせる哲学や芸

術にも通じるが、「技術」は自然を挑発しむりやり立ち上がらせる創造的プロセスであ

り、その過程で「技術」は自律的な運動をはじめるようになる、この時に「技術」は

地球環境や人間の精神におおきな影響を及ぼすようになる、という。

　生産者論理の世界の中で、技術を扱う専門集団が技術の自律的発展のおもむくまま

に社会や自然から離れてしまうと、その技術が如何に有用なものであっても社会から

拒絶されることになるであろう。原子力は今、その一つの典型となってしまっていな

いか。

　そし今日のグローバル化した市場原理の自由主義経済社会では、コストとサービス、

お客様第一という消費者論理の時代である。利便性のみならずそれを超えたところで

「技術」の社会的受容性が求められている。

　この意味で原子力技術とそれを扱う専門集団の「社会性」が今、厳しく問われてい

る。

　現在のモノ不足の状態は一応解消されたようにみえるが、それと同時にある意味で

の皆の共通の目標であったモノの豊かさを追って、より良く、より多く、より大きい

ものを求める心も一段落して、なんとなく目標を見失ったように見える。

　こうした折から、チェルノブイル事故の記憶の残る中での動燃の一連の事故は、そ

れまでは増加する電力需要を背景に「必要性」が「安全性への不安感2を押さえ込ん
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でいたようにも見える原子力に対して、一気に「安全性への不安感」が高まった。

　かっては、「鉄腕アトム」に象徴される夢の技術であり、現在地球温暖化問題への対

策の一つとして期待されてしかるべき特性を持ち、我が国の電力供給の3分の1を超

えるほどに電力供給に重要な実績を上げている技術がなぜこうなってしまったのか。

　これは、前述したように、従来、成長経済の中で、国，電力，メーカーに委ねてい

た原子力開発が「気がついたら知らないうちに事が進んでいた」ということへの不信

感が、消費者原理の聴代になってクローズアヅプされてきたのではないだろうか。本

来、社会としてきちんとすべきだった色々な課題がなおざりにされてきた事のツケに

直面しているのではないだろうか。例を挙げれば、ひとつは、原子力当事者が社会の

声を自らの耳で聞き、社会に自らの声で語り、理解と支援を得る確固たる姿勢に欠け

ていたこと、ひとρはエネルギー，環境，原子力について教育現場で必ずしも十分に

取り上げられてこなかったこと、さらにこれらが国のエネルギー政策として国会など

公の場で十分に論じられず、国民に見えてなかったこと、である。

　強調したいことは、市場原理の自由経済社会は言うまでもなく一人一人の個人が自

主性、主体性を持って自己責任の原則のもとで市場に参加し、社会を作っていくよう

な世の中であると思う。そうなると、自分の価値観や健全な社会常識をしっかり持っ

た個人が企業や集団を形成していくこと、その中で官と民の社会的役割をしっかり踏

まえてそれぞれがなすべき事をなすこと、という当たり前のことが、これからの社会

では今一度根本から間われることになるであろう。

　効率性を追求した結果の中央集権や首都圏集中が見直されつつあり、個人，分権，

地方の時代となっていく今後は、いわゆるNIMBY（Nodn　My　BackYard）につ

いて市民レベル，国民レベルで真剣に考え、議論すべきであるし、このなかで生産者

論理の時代を背景として顕在化した生産地・消費地の問題も論じられるべきであろう。

2．　生産者論理の世界はいわば男性原理・父性原理の社会である。これに対して、

消費者原理の社会は女性原理・母性原理の社会といえよう。今日大きな価値と認めら

れている多様性を許容する共生、人間と人間との信頼、自然環境への思い、生産地と

消費地の相互理解等は、母性的な包容力と女性的な優しさなしには実現しえない。

　こうしたなかで男性的なハードな技術の典型と思われている原子力をどうご理解・

ご支援いただくか。再生可能エネルギーなどソフトなエネルギーでその効用を代替す

ることが容易でないとすれば、ハードな技術を社会に訴える方法をソフト化しでいく
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こと、しかないであろう。

　最近の情報公開の徹底からインフォームドコンセント、さらには政策・方針決定へ

の一般市民の参加など、今までとは違ったアプローチが既に進められつつある。

　要は専門集団が社会や自然に対して、どのような心でのぞむか、ということである。

　人間が自然と関わり合いながら時の流れの中で作り上げてきた諸々のモノや心が文

化である、と私なりに定義すると、技術もその一つに過ぎないが、しかしきわめて重

要な一つである。有限な生態系である地球に、人間をはじめとするいろいろな生物が

共生していく上で、その重要性はますます増大するであろうし、使い方によって不可

欠の有用性を持つであろう。原子力について言えば、技術を扱う当事者が自然や社会

に対して謙虚さを失うことなく技術の夢とすばらしさをもう一度人々に理解され、感

じてもらう努力を惜しんではならないと考える。

　自然や社会に対して、技術に責任を持つ当事者は、技術の持つ長所も短所も社会に

示して議論を深め選択肢を示していくことである。そして、今後ますます重要になっ

てくるのは情報の発信者と仲介者と受信者の3者がバランスのとれた関係にあること

であろう。生産者論理の社会では、発信者側の選択で開示されていた情報は、今後は

受信者側すなわち社会が必要な情報を要求し、選択し、評価して、発信者即ち当事者

の信頼性を判断する社会になってくる。ということは、発信者側の情報公開は当然の

こととして、受信者側に必要な情報が必要な領、誤り無く伝えられ、やりとりされる

ための仲介者、そして情報を要求し、受け取り、判断する受信者の責任も重くなる。

　原子力の「安全」を「安心」して社会に受け取っていただくためには、当事者の技

術や技術力に対する「信用」のレベルから更に一歩進んで当事者の人間性への「信頼」

のレベルにまで進まなければならない。

3．　殆どの天然資源を輸入にたよる我が国の現状は、時代的に社会がどう変化しよ

うとも変わらないし今後も変わりえないであろう。さらに、地球環境問題など新たな

国際規模での制約は国内でのエネルギー供給手段の選択の幅をいっそう狭める可能性

を示している。

　第2次大戦後、一億の日本国民が生存していくための産業復興とそのためのエネル

ギー供給に、電気事業者が必死の努力を傾けるさ中、1953年、原子力の平和利用

と原子力発電の可能性が開けた。資源のほとんどない我が国がこの時、いち早く、英
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国などとともに準国産エネルギー資源として原子力を選択し、「熱申性子炉一一再処理

とウラン資源リサイクルー一高速増殖炉」のシステムの開発を進めてきたバヅクグラ

ウンドは今いささかも変わっていない。そして我が国の原子力開発とその産業化のプ

ロセスの中で、技術・人材・設備そして高い安全文化と高品質を作りこむシステムは、

世界的にも貴重なインフラとして存在していることは看過できない。21世紀に向け

て発展途上の国々にとって我が国の有するこのインフラのもつ意義は、環境とエネル

ギーの両立を考えるとき、大きな意義をもつものと考える。しかし、疇の流れの中で、

事に当たる当事者は「不易流行」をも常に念頭におかなければならない。

　市場原理の自由経済は、基本的には、市場に資源が豊富に供給され誰でも機会均等

に市場で手に入れられるとともに、起業家精神（アントレプレヌールシップ）を持っ

た者が、それでつくった製品を自己責任で機会均等に市場に売り出せる、という社会

のように思える。そこで資源の必ずしも豊富でない国や海外から資源を容易に入手で

きない国がグローバル化していく市場経済を導入しようとすれば、必要な資源につい

てそのベースになる部分の供給を国や責任ある当事者が計画的、戦略的、長期的に保

障することによって、その残りの部分、フリンジの部分に市場原理を導入できるよう

にする事が不可欠である、と思う。電力供給で言えば、資源のない日本にとって原子

力はまさにベース部分にあたる。単にベース電源というに止まらず、発電市場の競争

原理の導入を可能とするという意味である。我が国の最近のIPP導入は原子力がベ

ースとして定着したことが、それを可能としたひとつの条件、と考えられないであろ

うか。

　公共事業者である電気事業者は、2つの社会的使命を持っている、と考える。

一つは、いまのお蟻溝に安価で安全で良質な電気を過不足無く供給すること、であり、

もう一つは、そういう電気を後の世代のお客様に送り続ける、ということである。ウ

ラン資源の再処理、リサイクルはこのためのインフラ整備であり、今の世代が少しで

も進めておくべきもの、と言えるのである。

　従来、日本の原子力は「国策民営」とでも言うべきやり方をとってきて、この背景

には国のエネルギーの安全保障と電気事業者の供給責任を全うするためのエネルギー

安全保障は一致している、という了解があったと思う。電力自由化が叫ばれる現在、

これをどう考えるか。

　前述のように、日本の資源や環境事情は社会構造如何によらず、基本的には変わら
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ない。従って、上記の二つの安全保障は将来とも極めて重要であることには変わりな

い。国のエネルギー安全保障はどちらかと言えば長期スパンであり、かつ必ずしも柔

軟性があるとは言い難いが、電気事業者のそれは長期，短期いずれも視野におかなけ

ればならないし、民営事業者であるからいずれの状況に応じて柔軟に力点をかえた経

営が可能である。欧米で進む電力自由化の中で、短期的，近視眼的経営の傾向があり

得るとしても、電気事業の長い、様々な歴史の上に育った日本の電気事業者は、短期

的な状況に対応しつつ長期の供給の安全保障を着実に進めていく。このためには原子

力の開発は重要な決め手である。変わりゆく社会の中で、変わるべきものと変わって

はならないものとをしっかり見つめていくべき、と考える。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以上
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SessioA 2 :

 Revogution of Society and Nucgeaf Power Development in Japan

                       Masao Takuma

Director, Deputy Exective General Manager

                Nuclear Pewer DivisioR

                             TEPCO

     I want to fbcus on fbllowing three viewpoints:

1. We cafi reasonably deduce that since the Melji Restoration until quite

recently "preducer logtc" has governed the conditions of the whole of

economic society in Japan in order to overcome our disadvaBtage of having

virtually no resources. For improviRg production efiiciency, a centralized

operation ef iAdustries, by concentrating authority en selected elite groups,

must have been the mest effective means. The system ofthe busiRess world

being divided into industries aRd protected and controlled by bureaucracy (the

so-called "convoy system") is a typical arrangement designed with silch

intention, and the development of nuclear eRergy was not an exception. The

preblems existiRg betweeR electricity consgming and producing districts have

probably resulted from this system in the background.

The origiR of the word "technology" is said to be the ancient Greek word

"atireia", which means "to reveal what is concealed". "Technelogy" has

something in common with philosophy aAd art ifl thatthey reveal what is

concealed in nature and bring it to blossom. However, "technology" is

alse a creative process through challenging nature to fbrce it to reveal what is

coRcealed, 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 technolegy begins to act as an

autonomous force ig a society operating under producer logic, such

technology could eventually tum out to be unacceptable to society, however

usefu1thetechnology. MaybeweReedtoaskourselvesifnuclearenergyhas

not developed igto a type of such technology.

Furthermore, we are living today in an age where "consumer logic?' prevails

which fequires priority be given to costs and services and the satisfaction of

customers and in a globalized liberal ecoAomy where rnarket principles rule.

gn such an environment, what is required of "technology" is the social

acceptability of the techRology father than its usefulness.

gn this context, "the social perfbfmance" of nuclear techRology and the elite

group managingthe technelogy is Row being seriously questioned.

The state ofthe 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 surfounded by better, more

and large wares.

In these circumstances a series of accidents of PNC occurred while the
                   7
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 happeRed to the technology which once was looked upon as a

techno}ogy of dream symbolized as "TETSUWAN-ATOM (the CaRnoRball

Atom)", which is a hero in Japanese famous cartoon, and has characteristics

worth our expectation as an effective means of mitigating the global warniRg

effects and is boasting a significant record of supplyiRg electricity exceeding

one third of our total electricity demands?

II-7-7



g believe the fact is that the distrust ofthe people was highlighted in the age o£

cons"merism when they realized that things have developed in "ndesirable

directions in nuclear energy development entrusted to the government, utjlity

companies and maRufacturers. Maybe, we are facing a situation of paying

off the debt of our Regligence of not having properly dealt with the issues

whichshouldhavebeenessentiallyresolvedorderlybythesociety. Toname

some examples, the people in the fiuclear jndustry lacked a confident attitude

in gaining the "nderstandiRg and support of people through listeningto voices

ofsociety with their own ears and talking to the society with their own voices.

Or, the subjects of energy, eflvironment and nuclear energy were not properly

dealt with in the curriculum of schools and further, these matters have Rot

been fully debated in p"blic forums, such as the Diet, as the govemment's

energy policy so as to draw people's attention.

What g should like to emphasize is that a society of a free economy, under the

working of the market pfinciple, Aaturally should be where each jRdividual

participates in the market independently and accountably with their own

initiativetostructurethesociety. There,individuals,firmlyholdinganvalues

and sognd social comrr}oR sense, should censtitute enterprises and groups and

de 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 questioRed again thofoughly in future society.

The centralized administrative power and the cencentration of activities in the

metropolitan district, a mechanism necessary for the pursuit of efiliciency, are

gnder re-examination new. Problems with the so-called NIMBY (Not in My

Back Yard) attitude of people should be seriously reconsidered and discussed

at citizeR's or natienal levels in the comiflg age of individual, decentralized

a"thority 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. [EheworldundertheworkingsofproducerlogicisiAawayasocietyof

masculine or paternal logic, whereas the wofld of consumer logic may be

contfasted as a society of feminine of 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 highiy valuable teday, but they cafinot be fostered

without a matemal teleration capacity.

gn this situation, the ofily way to successfu11y win the understanding and

support ef peeple for fiuclear power, which may be a typical masculiRe and

hard techRology, is to moderate the manner of appealjng fbr the jntrodgctio"

of a hard technology to society, because it is llot easily practicable to feplace a

hafd technology with some soft techRology, like that for a reRewable energy,

in terms of its usefulness. New approaches different from those Bsed in the

pasthaverecentlybeenintroduced. TheyincludethoroughgoingiRfom}atioR

disclosure, creatiRg informed consept and the participation of the general

public in the determinatioR pfocess for pelicies and plans.

What is important is that the minds of the people in the elite group be directed

sympathetically toward society and natufe.

My interpretation of the cukure is it iRcludes all kinds of things and the spirit

people developed with the long lapse of time under the iRfiuence of nature.

Xn this context, technology is merely efle of them, but an extremely important

one. ks importance will increase more and more to support symbiotic

existeAce of every kind of life includiAg mankind oR the earth of a finite

ecologic system. And it will have an indispensable usefulness, which

depends upon how it is used. As fer nuclear eRergy,Ibelieve the people in

this business should not spare their eilfbrts to renew uRderstanding and

consciousness ofpeople on superior and dreamful Aature ofthe technology by

keeping in mind the importaRce of it}odest attitude toward nature and society.

What is required of the people responsible to our nature afid society in
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development of technology is to show and discuss in detail its advantages anct

disadvantages and to explain available options for us to society. And what is

increasingly important now is a well-balanced relationship between the three

parties of the dispatchers, intermediaries and receivers of information,

Information which was used to be disclosed at dispatcher's optioR in the

society of the producer's logic will have to be disclosed so receivers, or

society who demand, select and evaluate it to judge the trustworthiness ef the

dispatchers, or the parties iR 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 eRergy

corafortably, the people in the industry must advance one step further from a

level of"cenfidence" in the technology and their technical capability to a level

of "trust" ifi thejr own humanity.

3. The preseRt conditiofi of our country which requires us to rely on

imports fbr most of our natufal resources should fiot chafige in future; however,

society undergoes chaflge 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 demestic energy supply.

Whefi utility companies were making strenuogs effbrts in support of the

iRdustrial rehabilitatien aRd assuraRce of required energy supply fbr the

survival of the 100 millions of our people after the last world war, afi

epportunity for the peacefu1 use of nuclear energy and nuclear power

generationemergedin1953. 0urcountrypromptlyjoinedwithEnglandand

others in accepting nuclear eflergy as a quasi-domestic energy resource aRd
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uBdertook to develop a system of "thermal neutron reactor- reprocessing and

recyclingofuraRiumresources-fastbreederreactor". rlhisbackgrogndhas

not changed as oftoday. Nso, we should not fail to notice the fact that we

hold, as a globally valuable infrastructure, techfiology, 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 eAergy. I 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

envirofimeRtandenergycornpatibilityasweenterthe21StceRtury. However,

in this changiAg world we must always keep in their mind the proverb;

"Substance does not change with the passillg 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

ebtain them at the markets with equal opportunity and the people with

entreprelleurship 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 meaRs to obtain resources from abread to secure systematically,

strategically and in a longterm the basic portion of necessary resources and to

app}y market principle only for their remaining friRge portion in order to

introduce the globa}izing market economy into them. For electricity sgpply,

nuclear energy is that basic portion for Japan not favored with resources.

Nuclear eAergy is not only important as the base of its electricity supply but

also important in introducing the rule of competitien in the power generatioR

market. For the recent introduction of IIP in our country, the stable

development of nuclear power may have been one of the cogditions that has

made that introduction possible.

Electric utility companies have two missions socially as a kind of public utility

operatioR. One is to supply economical, safe and quality electricity in an

adequate amount to customers oftoday and the other is to contiRue supplyiRg

electricity to customers of future generations. Reprocessing and recycling
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uranium resources are fiecessary for preparatioR of infrastructure to carry out

these missions and are the things we should advance for the sake of our next

genefations. Up to today, the muclear energy pfogram ef Japan has beeit

undertaken undef a system which may be called "private operation under thc

national policy" and there has been understanding ifi the background that the

national security of eRergy supply and the eRergy security required to fulfili

electfic utility business's responsibility for supplying electricity are in accord.

[ffhis is a questiofi we should consider now wheR the freeiRg ef the electricity

business is crying out.

As Ijust mentioned, the resource and environmental conditioRs do net change

basically with changes in the social structure, and the two kinds ofthe security

willstillrerr}ainextremelyimportantiflthefuture. Thenationalsec"rityof

energy is a long-span issue rather withogt fiexibility and that of electric utility

bgsiness has to be examined from both the long-term and the short-term poiAt

of view and it can be managed fiexibly by changing its emphasis in response

to changes in the sitgations because it is a private enterpfise. While there is a

possibility that short-term and short-sighted mafiagemeAt will gather strength

in the U.S. aRd EuropeaR electricity business as the freeing ofthe business

progresses, electric gtility business in Japan which has a long and difficult

history will steadily advance the long-term security iR supplyiftg electricity

withproperlydealingwithshort-termchangesincoRditions. Indoingse,the

development of nuclear energy is an impertant key fof us. We should

distinguish clearly what should be changed from what should not be changed

in this society.
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世間社会から市民社会への転換期における産業政策の課題

　　日本NPOセンター
常務理事・事務局長　山岡義典

世問社会から市民社会への転換期における産業政策の課題

　現代の日本は，世間社会から市民社会への転換途上にある。もう少しはっきり

言えば，日本型世間社会から地球市民社会への転換と言ってよい。

　この変化の始まりは1985年のプラザ合意とそれに伴う円高の急進，そして

自動車や電気製品をはじめとするメーカー企業のアメリカを始めとする海外へ

の進出である。ここでこれまで世間社会に守られてきた企業は市民社会の厳し

さに直面する。その中で市民社会型の経営を身につける。

　しかし国内市場を対象とする産業は，この間ジ依然として世間社会に守られ，

バブル経済の中で結局は足腰を弱くした。昨年から今年にかけての一連の倒産

騒ぎ，官民の癒着騒ぎは，まさにこの分野における市民社会型経営への転換を

余儀なくされつつある姿を示している。そして産業界だけでなく社会全体が，

今，その本格的な転換に迫られていると言っているのだ。

それを象徴するのが，この3月19日のNPO出すなわち特定非営利活動促進

法の成立だ。市民の力を背景に議員立法でできたこの法律は，もとの名を市民

活動促進法と言っていたように，市民活動団体に主務官庁制度によらないで簡

便に法人格を与える仕組みを実現したものである。ただそれだけのものには過

ぎないが，ちょうど100年前に施行された民法による公益法人制度に，ささ

やかながらも風穴をあけた意味は大きい。また法人制度で初めて情報公開を義

務付けた意味も大きい。それは官から自由な透明性のある民間非営利活動の普

及と発展に寄与し，世間社会から市民社会への転換を推し進める大きな力とも

なろう。

私自信は原子力産業に関しては全くの素人ではあるが，そのような転換の中で

新たな挑戦を受けているかにみえる。その課題を他のパネリストと論議できれ

ばと思う。
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Dewitsgreagffg SRde gff elae Nacgear Cyege

  Revievy gff eke Sfig$agggit kk eswa$ce

           M}'. Claude Mandi4 Director General ofEnergy and Raw imterials

              At the Ibeench Ministry ofEconomic& Financeg and industj:y

Mister President, Ladies and Gentlemeg

It is an honor and great pleasure for me to take part iR 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, Iwould like to sayjust 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 diversifica£ion of our foreigR fossil energy resources. In twenty years'
time, FraRce accomplished a very ambitious investment program that now places the country

in a unique positioit worldwide, in terms of the use of R6clear 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 indispeRsable for

hoitoring the Kyoto commitments of December l997. 0Re feature of French nuclear policy

is therefbre i£s marked continuity.

With EDF, Framatome, and Cogema, FraRce has world-class competitive iRdustries and

research of unanimously recogRized quality at the CEA aRd Andra, of which the CEA's

Administrator General, Mr. D'Escatha, gave a brief descriptioR on Monday.

The downstream side of the cycle is one of the major ques£ions in the n"clear field £oday, and
the rest of my discussion will be centered arouRd this theme.

French indus£ry downstream of the nuclear cycle has leveled off. Industrial investments
have been made aRd are operational today. At the same time, major research prograrris are

continuing to lay £he grouftdwork for the fu£ure, especialiy for the decisions expected iR 2006

conceming long-lived radioactive wastes.

I will first be talking to you briefiy of these two aspects - industry and research - and try to

show you the continuity of French policy, particularly in ligh£ of receRt governmeR£al
decisions.

Then I will lay out the various strategies concerning the downstream side of the cycle seen in

the Iofig term, showing you all the fiexibility that exists today.

g) ACexsfisSeRg,ffigk-PerformfiianceEitdgstriaE'ffeol

The French nuclear power plant population operated by the Frellch power cornpany, EDF,
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today includes 57 reactors in operation and oRe uRder construction. On the downstream side

of the cycle, FfaRce has opted for reprocessing-recycliRg aRd has acquired the correspondiitg

industrial tools operated by Cogema:

× the Hague reprocessing plant, which also works for the requirements ofJapanese,
   GermaR, Belgian, Dutch, alld Swiss electricity producers;

× the MOX manufacturing plants of Cadarache, Dessel in Belgium, aRd the very
   moderi} Melox plant iR Marcoule. This system is operated both for FraRce and

   for export.

× the nuinber of French reactors loaded with MOX is iRcreasing. Technically, up
   to 28 reactors can be charged with MOX. As of today, 16 are authorized to be

   charged, and this Rumber should increase in the comiRg years as EDF applies fbr

   Rew authorizatioRs and these are examined by the N#clear Safety Agency.

FraRce has decided to opt for reprocessing-recycling fbr two reasons:

1
)

EnviroRmental

The plutoRium contaiRed in the spent fuel is essentially what constitutes its IoRg-term

texicity (95 % at 10,OOO years), so that its long-term environmental impact can be

reduced considerably by reprocessiRg and recycling. These processes also isolate the

only true ultimate wastes, which are the products of fission aRd minor actinides, so

they can be given proper conditioning.

2
)

LoRg-term Economics

ReprocessiRg is a way of recycling uranium and, while this may certainly be aR

abundaRt Ratural resource today, it will necessarily be less so in the future.

We are aware that £he increasing stock of separated plutonium poses a political
problem. This is why, in order to avoid increasiRg its stock of separated plutonium,

EDF has its irradiated fuel reprocessed as the need for the plutonium extracted from it

arises. So the quaittity of reprocessed fuel depeRds oR the capacity of the MOX

maRufacturing plan£s and on the authorizations given to reactors to use the substance.

CurreRtly, a little more than two-thirds of the irradiated fgel discharged from EDF

reactors is reprocessed. [lhe rest is stored, aRd what will become of it depends

mainly on decisions that will be made iR the coming years, especially the irradiated

MOX fuel. A number of options are possible in these two fields, aRd the decisions

will be made in light of the results of cgrrent research.

Hearing this, you doubtless wonder if there is not a contradiction, Rot to reprocess all

the irradiated faels, whereas I just told you that reprocessing is very usefuI on the

environmeRtal level. IR aRswer, I can say Shat these fuels may someday be
reprocessed anyway, but moreover any redgction in the stock of plutonium by
recycling is a step in the right directioR.
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)

Researck Pxegragx}s te Pregeare for the pt"S"re

In accordaRce with the law of December 30, 1991, there are three 1ines of research on

the maRagement of highly active radioactive wastes. Thls law defined a certain

number of rules concerning the managemeitt of radioactive wastes, thus allowing for a

transparen£ agd democratic process. ORe of these rgles prohibits the sterage of
imported radioactive wastes in France, even if reprocessed in Frallce, beyond the time

techRically necessary for the reprocessing. The law therefore requires the wastes to be

returned after reprocessiRg.

The three research thernes provided for by the law are:

separatlon-tyansmutatlon;

reversible aRd irreversible disposal iA deep

the constfuc£ion of underground laboratories;

geological layers, par£icularly with

sgrface coRditioning and storage.

The purpose of this research is to provide the Parliament with the meaRs of making

decisioRs on the future of these wastes in 2006. The studies are beiRg monitored and

evaluated by a scientific "National Evaluation Commission" of 12 independent

scientis£s. This commission writes a research evaluation report each year, and will
generate a global report in 2006 to serve as a decisioR-making basis for the

Govemment and Parliament.

The Govemment is determined to continue research along these thfee liRes. This has

been clearly ･restated by the Prime MiRister, who made the decisions preseRted at the

press coRference of February 2, 1998, by the Minister of the Economy, FinaRce, and

industry, Mr. Strauss-Kahn making the following points:

Concerning the first theme of investigation, research on transmutation will continue

despite the final decisioft to shu£ down the SuperpheRix fast Reutron reactor (FNR),
which is possible mainly due to the fgll resumption of Ph6Rix operatioit and

intemational cooperatioft.

In this respect, I would like to state the reasons why the government, in liRe with its

political commitmeRts, decided to abandon SuperpheRix. It was in fact felt that this

prototype, launched in the seventies in a coRtext of energy shortage and aR estimated

scarcity of uraRiurn resources, is ill-sgited to the c"rrent context. Today's population

of coRventioRal nuclear power plants is fu11y sufficieRt 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
planRed. in its current state, it cannot be considered te be a model to be replicated iR

any breeder reactor development program.

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

I also stress the fact £hat this step should not be taken as a disavowal of the fast
neutron reactor idea. The acquired experience will be used, aRd research on fast

neutron reactors will be cofitinued iR the long term, so that if someday it turns out that

fast neutroR reactors would be of use, there will be no obstacles to prevent this. In

the short term, the research condBcted in the Superph6Rix framework will be

reorieRted toward Ph6nix, a reactor of about the same size as Moaju, especially for

experimeRtal purposes. Lastly, other aveRues of transmutation research will be

explored, with inRovative concepts like hybrid systems, namely the projects of

Professor Rubbia. France is anxious to see these programs coRducted in an
intemational framework, especially with couBtries that are still interested in the

development of FNRs: Japan aRd 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 amoitg officials and the population siRce the beginning. In 1993,

the government put Representative Christian Bataille in charge of a mediation missioR,

after which he proposed four caRdidate sites for laboratories.

After two years of detailed reconnaissaRce work, the govemmeRt authorized
applications by the Andra agency to install aRd operate underground research

laboraSoriesonthreesites: twoinc}ayandoneingraRitebeds.

These applicatioRs were subjected to a very detailed iRvestigatioR iR 1997, iRcl"ding a

broad dialogue with the local communities and authorities.

OR February 2, 1998, the Prime Minister annouRced his decisioR to retain at least two

sites iR accordance with the law. He asked the National Evaluation Commission to
    '
continue its study ef reversibility and the means of achieving it, afid to report on its

work by mid-year. The choice of sites for buildiRg and operating underground
laboratories will be made kRowR at that time.

Lastly, the research oR the third theme, which is the study of the conditioniftg and

long-{errn storage, will be intensified. Funding will be increased 15 % for this iR

1998, aRd 20 % in 1999, reachiRg FRF 300 million per year. The priority here is a

census of existing storage sites, an iBventory of wastes to be stored, a functional

analysis of a very long-term storage facility, tke 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 £wo. This will
coRtinue gntil 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

inteyRational framework, especially with Japan.
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3) FgexEbPeStrategy

The govemment wanted all the decisioRs affecting the downstream side of the cycle to

be coRsistent, and asked me to actjoin£ly with Mr. Vesseron, who is director at the
Ministry of the Environment, to straighten out any confiicts in the strategies of the

various players.

To this end, we organized a workgroup comprising the govemmeRt agencies
coRcerned, and asked the industries to do a great deal of aRalysis and thinking.

Tkis work led to the writing of aR intermediate report that was submitted to the

Ministries of Industry afid the Environment in the summer of 1997. This report is

currelltly beiRg examined by the parliameRtary office of scien£ific and techRological
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

WrltteR.

To fulfill the mission entrusted to us by the Ministries, the committee's first step was

to review the decisions already made conceming the downstream side of the cycle,

which affect the strategy that is curreRtly being followed by the various players in the

nuclear sector. Whether or no£ this strategy will be followed beyond 2006 as
provided by the law of December 30, 1991, depeRds on the decisions that will be

made at that time, principally as coRcems a possible authorization fbr an uRderground

storage ceRter.

The comrnittee's second step was to 'define a number of possible post-2006 scellarios,

attempting £o cover as much territory as possible, with no preconceived ideas. We
geRerated ten such scenarios, raRging 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 - aRd aR aRRual Ruclear electricity generatioR 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. Fttrthermore, some of these
scenarios assume that new indgstrial tools will be developed at more or less remote

points in time, dependiRg on their technical ma£urity and industrial requifements:
blast lasers for reprocessing uranigm or plutonium, hybrid systems, incinerators, new-

geReration FNRs, and so forth.

From there, we developed a decision tree consisting of answering the following four

questions m successloit.

The first is whether a deep sterage ceRter will be created or not. If this optioR is not

retained, lofig-term surface storage of indeterminate duration would become

unavoidable. We felt that this could not be considered a fu11-fledged strategy, bu£
oRly a stop--gap measure that was Rot worth studyiRg iR depth.

The secoRd questioR concemed the more or less large quantity ef plutonium that could

'
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be placed in deep storage.

The third questionis whether or not FNRs will be present - for energy reasons - in the

Ruclear power plaitt population. Of course this involves long-£erm strategies on the
horizon of 2050, so I would like to make it very clear that there is Ro reason to discard

those sceRarios that include FNRs out of hand. Once again, the decision to drop the

prototype Superphenix reactor was in no way a decisioR 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, teB post-2006

scenarios were developed, grouped into five main paths. I will very briefiy describe

each of these paths, which should give you a good idea of how our thinking is goiRg.

Patk A. This is the open cycle, that is, with storage of irradiated fuels without

recycliRg, with or without reprocessiRg for coRditioning.

PatkB. Thisisapartiallyclosedcycle. Reprocessingissimplified,i.e.itbecomes
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 continuatioll of today's policy, with £he fast

neutron reactors.

Paek C. This is a closed cycle with recycling of plutonium in pressurized water

reactorsorfastReutroRreactors. Reprocessingissimplified.

Path D. This is a closed cycle with recycling of plutonium in pressurized water

reactors or fast neutron reactors, and transmutation of minor actiBides aRd loRg-lived

fission products in one of the two scenarios.

Pagk E. This is a totally closed cycle only fbr plu£onium in pressurized wa£er
reactors.

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

The comrr}ittee's third and last step was to evaluate each of these ten sceRarios by

different criteria: the fiexibility needed to go from one scenario to ano£her, the R&D

effort needed, the fiRancial effort, positioning in the intematioRal 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 sceRarios studied were ac£ually

stop-gaps or dead-ends.

The main conclusion from this evaluation is that none of £he 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

maily 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 stBdied. The main conclusion is

£hat it would be best to maintain the curreRt fiexibility to its utmost, in order to avoid

jeopardizing certain op£ions now tha£ could be of use after 2006. This particuiarly
applies to the continued research on the three themes of the law of Deceinber 30, 1991,

which the' govemment is determiRed to sustain, as I have said, and which enhaRces the

flexibility of the current strategy. This leaves all possible aveRues open for the

future, so that the decision-makers of the second or third decade of the comiRg celltury

will not be confronted with a dead-end situation.

ThaRk you for your attention. I am ready to answer your questions.
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Spent Feseg matsnesgement

                      by

          Dr J47711iam L J47ilkinson

Presicien4 Britlsh Nuclear industily Forum

ABSTRACT

The two options fbr maRaging spent nuclear fuel, Ramely, reprocessing with recycle of

plutonium and,uranium and direct disposal are discussed based on experieRce in the UK.

The reprocessing option is well preven. It is available now and operating well under

international safeguards. Direct disposal rnay prove to be technically feasible in the future.

The economlc differences between the two are likely to be small and likewise the

enviroamental impact. So im as public acceptability is concemed the main issue is the

geological disposal ofradioactive waste and this is common to both options. Long term

sustainability is a key issue altd only recycling can achieve this.

The choice between the two will depend on many factors and utilities may come to different

conclusioRs 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 pelicy, at least in the medium term.
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ggeeredieecegeit

There are two options fbr dealing with spent Ruclear fuel:

e

e

the oltce through fuei cycle with ko separation ofplutonium and direct disposal of

spent fuel

the separation ofplutonium and uranium by reprocessing and recycle as MOX

initially in thermal reactors aRd, possibly, later in fast reactors.

Both are viable but opinion is divided. Some countries prefer direct disposal and others

recycling. The choice ofthe preferred strategy is specific to each country and depends on both

economics and resources as well as political coRsiderations.

Some countries, notablythe 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, FraRce, Belgiurr}, Gerrnany, SwitzerlaRd) 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 oRce- the commitment

has been made it is difficult to chaRge in spite ofthe greatchanges which have taken place in

the nuclear scene in the meantime, notably:

e nuclear power is growing fast in the Far East but it is static in Europe aitd the USA

   Emd has Rot fu1filled its early prornise.

e urar}ium which was expected to be scarce and expensive is now cheap aRd plentiful

   aRd er}richment is also cheaper than expected

e whereasgreattechnicalprogresshasbeenmadeinreprocessingandplutonium
   recycling as MOX, the economic case for recycling in thermal reactors is not clear

   and the future fbr fast reactors is uncertain

e thereisgrowingpublicconcemabouttheproliferationdangersofstockpiling
   plutonium in spite of the excellent record of storing uRder iRternational safeguards

This paper will discuss the various optioRs fer managing spent fue

various considerations.

1 bearing iR miRd these

Reprocessiitg tsnd Recycgin.a ofpgutoniesm tsita esmeniesm

It has been claiined that reprocessing ealt bejustified, 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 aRd vitrification then coRverts this waste into

a forrn in which it can be safely stored and eventually disposed of

However, the realjustification for reprocessing is based on the recycling ofthe plutonium and

uranium into the fuel cycle to rnake raaximuim use ofuranium resources.
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There is extensive experieltce in the UK on recycling reprocessed uranium back into the fuel

cycle. As fbr plutonium European reactors started using MOX fuel in 1963 and America first

used MOX in 1965. 0ver 400 tonnes ofMOX fuel has beeR burnt in commercial LWRs ar}d 34

reactors world-wide are licensed to load MOX fuel. Some 40 other reactors world-wide are

considering submining a MOX licence. MOX fuel has performed at least as well as euriched

uranium fuel and Ro operatienal difiiculties have been experienced. France, Germany aRd

Japan plaR to burn about 1OO 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

l6 tormes ofplutonium over the remainder ofits 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 Rot appear to be any insurmountable technical difficulties with doing so. It is estimated

that they could absorb about 30 tonnes plutonium over their remaiRiRg lifetime on a standard

MOX cycle.

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

120tHM per annum for LWR MOX fuel. This plaRt is situated adjaceRt to the THORP

reprocessing facility and is designed to utilise plutoniurn direct from THORP that may have

been stored for several years. It will also be capable ofreceiving and using plutonium from

other sources altd this gives the UK the facility to retum plutoRium to reprocessing customers

in the form ofMOX.

Military pli}toRium recovered bythe decommissioning ofweapons 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 reacters which have

been under development for many years are not likely to become commercially viable before

2030.

Direes aisposnt ofspewgfueg

With direct disposal the spent nuclear fuel is peimanently disposed ofintact without any

chemical separation ofthe uranium and plutonium. Prior to the disposal ofthe fuel in a deep

underground repository it has to be stored for several decades until its heat conteltt has

decreased. The disposal facility would be similar to that for HLW and ILW arisiRg firom

reprocessmg operatloRs.

Whereas the technology of direct disposal has not been developed there would appear to be Ro

illsuperable difficulties and work is in progress in several countries. Safeguarding plutonium in

spent fuel repositories over the long term could preseRt problems.
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The IVEatiit gssages

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 in

turn.

Economics

The economics ofboth pliltonium recycling as MOX ax{d the re-eririciment ofreprocessed

uranium depend on many factors, notably oR the price ofRew uraniurn concentrate and the cost

ofeirrichrnent. At the present time uraRium prices are very low compared with earlier forecasts

aRd enrichment prices have fa11en dramatically as a result of new technological developments.

Under cuxent coRditions therefore the economics ofMOX recycling in thermal reactors is

controversial. Reprocessing ofLWR spent fuel solely to produce plutonium fbr recycliRg as

MOX is not likely to compete with fresh uranium fuel. Bu£ given that reprocessing has been
carried out and waste stabilised in additioR to the plutonium being made available, theB the

extra cost of fabricating MOX fuel (as compared with er}riched uranlum fuel) might bejustified

in view ofthe savings in uranium aRd enrichnent costs. IfMOX fuel fabrication costs are no

more than about 4 times the price ofuraRium fuel fabrication then this may allow a LWR to see

a small economic advantage in recycling MOX. Today MOX fuel costs are higher thaR this, but

increased MOX utilisation will bring costs down.

In the UK, the econornics ofburning MOX in AGRs will be less favoarable than in LWRs

becai}se ofthe lower enriciment ofAGR fuel. IR this case the savings iR enrichneRt are much

less while the MOX fabrication cost penalty is greater thaR that fbr a LWR. Modifications to the

fuel route ofAGRs would also be required. MOX recycling in AGRs is unlikely to be

economic unless fuel fabricatioR costs can be substar}tially 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 ilttemational safeguards and, under article 4 ofthe Non-Proliferation

Treaty, it would be subiectto end use restrictioRs. France, Gerrnany, Belgium and Switzerland

all have reactors liceRsed fbr MOX possibly with spare capacity.

Miste Management

A comraon misiJ nderstandiRg about reprocessiRg is that it geRerates considerably more waste

than direct disposal per torrne of fuel. This is not the case. Reprocessing and recycling reduce

the need fbr additional ore rriining, processing and enriciment, and heRce reduce wastes

gelterated by these processes. Taken as a whole over the complete fuel cycle this leads to less

total waste being prodi}ced frorn reprocessing and recycle thar} from direct disposal but this

factor is not greatly sigRificant.

When coRsidering oRlythe volume ofhigh and intermediate level wastes, which contain 99.9%

ofthe total radioactivity found iit wastes associated with reprocessing, the volumes are

comparable with those for direct disposal. The wastes requiring deep geological disposal are

therefbre about the same for both options.
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Developments are in hand to further reduce waste volurnes from reprocessing through

contiRuou!s improvement prograrrimes and the application of new technologies.

sesstwiesgbggity

sustained ecoRomic growth on a global basis puts increasing demands on energy supplies ai}d

the energy resources to meet these demands are finite.

Nuclear reactors consume only about 3% ofthe original fuel. Reprocessing enables unused

uranium and plutonium to be recovered and recycled whereas direct disposal wastes this

valuable energy resource.

Ifused in the once-throggh cycle in LWRs, the world's cumulative natural uranium dernand

will grow such that the known resources (about 3.3 million tonRes ofuranium) ofless than

$30!pound U30s 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 2l1O to 2150, the world's ultimate

resources (about 18 MTU), iRcluding the speculative resources that are yet to be proved, will be

exhausted.

IfFBRs are introduced after 203O, the cumulative natural uranium demand will show an upper

limit less than halfof the world's ultimate resources.

However, the development ofsodium-cooled fast reactors has been beset by technical

difficulties in the UK, Fraf}ce, Japan and elsewhere and fast reactors may well not become

corrimercially viable anywhere for several decades. Nevertheless fast reactors represeRt the

only sustainable long term option which could close the fuel cycle and optimise the generation

ar}d consumption ofplutonium as well as make bestuse efthe world's uranium reserves.

The above predictions are based on the WEC reference forecast to 2020 assurning that nuclear

power will continue to increase at the same rate thereafter. This is unlikely to be an accx!rate

forecast but it serves to illustrate the long term issue ofuranium supply and the sustaiRability of

nuclear power.

ProEijizrtstion

The current policy for the management ofseparated UK plutoniurri is one ofcontinuing to

accumulate and store plutonium for future use. There appears to be no technical reason to

change the policy. However, such stockpiling ofplutenium is seen by many as posing a

proliferation threat, but experience under international safeguards has been excellent and there

has been no diversion ofcivil 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 reprecessing 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

ailow plutonium stocks to increase. With high standards of storage under interRatieRal

safeguards this can bejustified.
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CogecgeeslReeg eeeEeeififfksg

The followiRg conclusions can be drawn from the above discussion on the various aspects of

the spent fuel management options based oR experience in the UK.

e interiin storage ofspent fuel is teclmically feasible eveR fbr the long term - it is a necessar>,

   pre-cursor te either reprocessinglrecycling or direct disposai and it maintains both options

   open

ee thereprocessiRglrecyclingeptioniswellprovenanditisavailableRow:directdisposalinay

   prove to be technically feasible.                             Both options are likely to be pursued iR parallel over the

   coming years and both could be operated without giving rise to an unacceptable

   environmental impact

ee econornicdi£ferencesbetweeRthetwooptionsarelikelytobesmallandoutweighedby
   uncertainties in cost estimates and strategic/policy issues

ca sustainabilityisakeyissue;theworld'ssupplyofecoRomicallyrecoverableuraniumcould

   be exhausted within the next 50 years or so unless the policy fbr recycling with fast reactors

   is adopted

e bothreprocessinganddirectdisposalfacilitiesarecapableofbeingsafeguardedandneither

   option presents the main proliferatioR risk - this is likely to be clandestine plutoRium or

   highly enriched uranium production outside international safeguards

ee so far as public acceptability is coRcemed the maiR issue relating to spent fuel is the

   geological disposal ofradioactive waste and this is common to both the

   reprocessinglrecycling and direct disposal options. Transpo;'t is also a concern, but as in

   waste disposal the technology is well developed and the problem is mainly one of

   perceptleR

e the choice between the options will be dependent on maf}y factors and differeRt countries

   and even utilities withiR a country may come to different conclusions dependiRg on the

   individual circumstakces pertaining at the time

e it is unlikely that Rew deve}opments wM have a significant impact on spent fuel

   management policy, at least iR the mediurrt term.
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セッシ3ン3：「核燃料サイクルを長期的に考える」

東京電力（株）取締役
原子力本部副本部長
兼　技術開発本部副本部長

　　　　　　　榎本　聰明

　　本日は核燃料サイクルを長期的に考えるという演題で、これまでの原子力発電の持つ

意味を振り返って見た上で、今後我々はどのような姿勢で核燃料サイクルを捉え、技術開

発を行っていけば喪いのか、日本の状況とそれに関連して最近感じるところなどをお話さ

せていただきたいと存じます。

1．我が国の原子力発電、これまでの意義一一鰹水炉の効果

　　現在、原子力を取り巻く情勢は極めて厳しいものがあると言うものの、軽水炉による

発電の方は、細かなトラブルは経験しつつも、ここ数年聞、大変順調に推移してきており、

稼働率も3年連続して80％を越えております。我が国の軽水炉は米国の技術を導入し、
それを国産化し、更に改良標準化を図る、という段階を踏んで開発を進めてきたわけです

が、その技術は安定し成熟の域に達しつつある、といえます。

　　我が国は資源小国であってエネルギーのセキュリティ確保、すなわち必要とする量を

適正な価格で確保する事は、我々の長い間の悲願でありました。原子力はその悲願を達成

する可能性の高い手段であることから、これまで技術開発を積極的に進め、その成果が実

ったということができると思います。

　　事実、開発当初においては、近い将来化石燃料に代わるものとして期待され、また、

化石燃料が潤沢に存在する時代においても、化石燃料に対するバーゲニングパワーとして

の役割を発揮し、エネルギー価格の安定に寄与してきました。

2．将来の原子力が持つべき意味合い一技術革新の効果

　　このように軽水炉を中核とする発電炉の開発利用は一定の成果を達成してきました。

しかし、原子力というエネルギー源のもつ潜在力を考えるなら、これはそのごく一部を利

用してきたにすぎない、と私は考えています。これまで原子力のおかげで我々が享受して

きた利益を「原子力開発第一期」の効果と呼ぶとするなら、技術革新を更に進めることで

「原子力開発第二期」の効果とでも呼ぶことができる、更に大きな利益を付与しうる潜在

力を原子力は持っている、と言うことができます。将来を考える上で、これら原子力が持

つ意味合いの重要さは、軽水炉技術が成熟したからといって決して失われるものではあり

ません。この原子力というエネルギーが持つ大きな力を発揮させるには、「第二期の原子

力開発」に向けた長期的努力が必要であります。

3．今後の原子力開発へ向けて

　　この第二期の開発のポイントは、経済性の更なる向上と、原子力技術開発の問詰を広

げることにある、と私は考えています。

（これまでの開発のやり方）

　　原子力の開発初期においては、そのエネルギー資源論的効果を、厳しい安全性への要

求を満たしつつ早期に現実のものとすべく、限られた資源の有効活用をはかり、また技術

を早期に定着化することに主眼が置かれました。このため、開発のパターンを単一的に絞

り込み、かつ体制も経済的な競争を排した重厚な保護の下に開発を進めてきたように感じ

られます。その甲斐あって、我々は安全性、信頼性の面では世界でもトップ・レベルと言

ってよい今日の水準を達成した、ということができます。
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（経済性）

　　しかし、冷戦構造の解消、経済のグローバル化などから、エネルギー資源の持つ戦略

的意味合いは一時的にせよ、相対的に希薄化の傾向にあるようにも見える一方、各種エネ

ルギー間の競争は激化してきている、ということができようかと思います。他エネルギ＿

源との競合の中で、軽水炉が今後も従来の地位を確保していくためには、安全性と信頼性

を維持しつつ、原子力産業の一層の効率化、スリム化、合理化を図り、国際競争力をっけ

得るよう、我々関係者は今一層の努力を払わねばなりません。

　　これらの努力の中で、軽水炉については、基本的には市場原理の中で生き延びなけれ

ばならない、と考えられますが、原子力を環境面でどう位置付けるかという新たな課題も

あり、その位置付けについては今後更に十分に検：記していく必要があるものと言えます。

　　また、これから開発・利用する技術についても、その技術の経済性の有無が実用化を

考える上で重要な判断要素となる、ということができます。民問における実用化とは、社

会、市場の中で価値を産み出す見通しが得られて初めて達成し得る、ということを考える

なら、開発利用にあたる関係者は、安全を確保しつつ経済性を追求する、という命題が常

に社会から与えられている、という自覚を持つことが必要であろうかと思います。

（開発に許される時間）

　　原子力の究極的目標、すなわち国民的悲願でもあるエネルギー・セキュリティ確保の

重要性はいささかも変わっていない、ということができますが、最近の情勢を見ると、セ

キュリティに対する緊急度には緩みが見られるといえます。開発途上国のエネルギー需要

など、不確定性もあり、長期的には予断を許さない要素もあるものの、原子力の究極的目

標の達成に対する許容タイム・スケールは延びてきているように感じられます。もんじゅ

事故などにより高速増殖炉の開発自体にも遅れが見込まれる今、我々は柔軟な姿勢を持っ

て、この与えられた時間を有効に使わなければなりません。
（資源配分）

　　原子力という技術が本質的に持つ時定数の長さを差し引いて考える必要はあるとして

も、我々はこのような開発の基軸を見直す絶好の機会を手にした、ということができると

思われます。原子力の潜在的可能性をもっと引き出すためにも、開発資金と人材投資の重

きを従来の発電システムから、バヅクエンド・システムにシフトすることがまず必要であ
ります。

（開発目標見直し）

　　そして周囲の産業や、それを支える工学に見られる多くのイノベーション、最近の技

術開発成果を踏まえて、過去に棄却した技術も含めて、今一度考えられる技術を幅広くサ

∵ベイし、間口を広げた上で、研究を進め、技術評価を行って絞り込みを行う、そしてそ

の時点で最適な目標設定を再度行う、というプロセスを取ることで、革新的な技術に挑戦

すべきであると考えられます。

（使用済燃料貯蔵への理解の必要性）

　　従来、しばしば現状の原子力開発状況をもってして「トイレなきマンション」との批

判をうけてきました。使用済燃料の処理処分方法の道が開かれていないという問題提起で

ありますが、トイレだけの問題なら、そもそもその発生量はごく僅かである上、イギリス、

フランス、B本などで、少なくとも一つそれを再処理する方法が実証されています。世界

的に見れば、ガラス固化体、使用済燃料の別によらず、技術的には処分方法が確立されつ

つあり、高レベル廃棄物処分の実施主体も2000年春は設立されることとなっており、

我々は既に使用済燃料を処理処分する技術は手中にしつつあるといえるでしょう。

　　問題はそれが将来人類の負託に応える最適な方法であって、それを今やることが国民

にとって、また人類にとって最良であるか、という点について合意を形成する必要がある、

ということであろうかと思います。そのためにも、我々はできる限り複数のオプションを

提示して行く必要があると思われます。そのための検討、合意の形成の時問を考えれば、

使用済燃料を当面貯蔵するオプションについても理解を得ていく必要があると言えます。
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（国際協力）

　　技術立国を進める我が国にとっても、グローバル化した経済の延長上で技術の実用化

を考えるなら、国際協力を通じてより効率的な技術開発を進めること、またそれによって

自主技術を核として、世界中の多くの場所で使われる技術を開発していくことが重要であ

ろうかと思われます。また、今日我が国の原子力界が直面する諸課題は、我が国のみなら

ず、各国に共通の課題でもあるものが多く、これらに対する具体的解決方策も国際協力の

下、検討していくことが重要と考えられます。

（開発に対する精査の仕組み）

　　このような技術開発は、長期的な視点から安定的かつ着実に推進する必要があります。

しかし、このことはこのような開発は競争原理に基づく市場の精査を受けにくい性格を持

つことを意味します。従ってその開発が合理的、効率的に行われているか否か、について

外部も含めた厳しい目で評価を継続的に行うことが健全な技術開発上必須であると考えら

れます。それと同時に開発に参加する関係者全てが応分のリスクを分担し、自律的に価格

競争力のある技術を作り上げるような仕組みが今後は必要であるように感じられます。

　　日本が技術開発のフロンティアに立つ場面がこれからは増えることと考えられますが、

先頭を走る者にとっては、常に技術評価を行いつつ優れた技術を残し、また開発を申止す

べき技術は経緯にとらわれず躊躇なく捨てる決断ができるような仕組みが必要であると言
えます。

（国の役割）

　　また、政府をはじめとする公共部門は、このような巨大技術の開発推進の中心的役割

を担う他、立地のような中央と地方の利害が絡んだ政治的課題や、社会から強い要請のあ

る原子力との共生策などの課題についても、重要なエネルギー政策の一環ととらえ積極的
に関与していくことが期待されます。

　　このように、我々は、与えられた時間を有効に使って、今後のエネルギー市場動向を

注視しつつも、今一度我々が第二期の原子力開発へ向けたビジョンを描き、従来の延長線
上から離れて柔軟に戦略を考える必要があるものと言えます。

4．まとめ
　　原子力は既に世界の電力の17％を供給するに至っており、エネルギー供給上重要な
意味合いを担っています。しかし、原子力のもつ潜在的な能力からするとこれはほんの一

部にすぎないことも事実であります。原子力を取り巻く情勢は今後もしばらくの間、厳し
く推移すると思われます。しかも、その中で経済のグローバル化、電気事業の自由化議論、

行政改革による省庁再編、地球環境問題に対する対処、など多くの課題や環境の変化が予

想されます。時代はまさに変革期にあるわけですが、来世紀に向けて原子力に与えられた

重要な役割はいささかも軽くなることはない、と考えられます。与えられた時間的余裕を

有効に活かして、これまでの技術の枠にとらわれずにブレークスルーを志向した努力が
我々に対して求められている、ということができようかと思います。我々は変革を負担と

捉えるのではなく、むしろ自由度の大きい好機と捉えて、今一度原点に立ち返って、第二

期の原子力利用開発に向けて、関係者が力を合わせて協力し合っていく必要があるものと
考えております。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　以上
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榎本聡明氏の英文は巻末に掲載してあります。

Mr．　Enomoto’s　　’thesis　is　at　the　end　of　volume．
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                 Helmut Engelbreoht, Preussen Electric Co., Gerrnany

From the very beginniRg of Ruclearindustry in Gerrr}any up to today the nuclearfuel cycle back--

end vvas always iR the focus of public and poli{lcal interest. Due to the chaBging attitude towards

nuclear issues, s{rategic long-terrn approache$ to provide closed fuei cycle services falled and

alternative sollltlon had to be developed. With the increaslng competitive pressure on electricity

generation, in future, only comraercially attractive technics and services will have a chance to be

irnplemented. The challenge to Gerrnan nuclearindustry is to look for new or at least economi-

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

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

successfui futu re,
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Ngclear fuei Cycie Bgck-End Poiicy in Germany

Ladles and Gentiemen,

Before engaging into the subjectlwould like to introduce PreussenEIektra to you, the compa#y

which l am representing.

                                  $gide f

PreussenElektra is the second biggest utility in Germany, serving the North of our countiy,

PreussenElektra is sharehelder in 8 nuclear reactors and is responsible fer the eperatioB ef s cf

these units. 1"herefore PreussenEiektra has beefi invoived in all nuclear fuel cycie

considerations ln Gerrnany so ftir and ls actively taking part ln the discussion to shape the future

ofthis industry,

lf you want to understand the situation of the German nuclear fuel cycie industry today, Ladies

and Gentleman, you have to be aware of its historic development, Thereforelwould like to

introduce to you some of the important historic data thatin my opinion are the keystones

essential for the understanding of the given situation.

Frorn the very beginning in 1956 up to novv German Nuclear lndustry, German poiitic$ and even

public lnterest valued the back-end of the nuclearfuel cycle as strateglc aRd therefore essentiai

fer the viability of our industry, By the way thls is even true for the nuclear opponents who have

concentrated their actMties almost entlrely to these subjects as well.
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As early as a958, research on reprocessing ofspent nuclearfuel started, rnainly driven by the

chemical industry which believed by then that recycling of uranium and plutonium would create

great value. The first nuclear reactor wa$ put in operation in 196a, 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 nuclearfuel cycle was a reality in Germany en a small pre･-

industrial scale. It was corRmon understaRding that the nuclearindustry would be deveioped to

become the rnajor electricity supply source aRd that, in orderto be independent of energy

imports, the whoie nuclear fuel cycie industry had to be estab[ished in Germany.

Consequently in G976 the German government a$ked the utilities to create a nuclear centre ln

which ail 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 forall nuclearwastes especialiy high active rnaterial. The planning included a

reprocessing plant oM,400 t HM/a capacity, uraniurri and plutonium fuel fabricatlon facilities,

waste treatment end final disposal.

By thei} it becarne obvious that the chernlcal industry had Iost its interest in recycling, so that the

responsibility forthe establishment of nuclearfuel cycie industry was given to the utMties, the

nucleargenerators. In order to motivate them to establish the recycling industry rapidly the

government required - as a precondition for nuclear operation - the proef that spent nuclear fu el

could be treated properly. As evidence contracts or operating facilities had to exist that gave the

certainty that the fuel to be discharged ln the next six years was covered. In order to fulfiII this

obligation the utilities decided that iR advance to the availability of the recycling centre in

Gorleben reprocesslng contracts had to be signed with Cogema and BNFL.
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At this time of the development, nuclear industry in Gerrnany 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

indu$try had to adjust its capacities accordlngly,

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

canceled due to a lack of general politicaj svpport. Only facilities for interim spent fuel storagq

for spent fuel treatrneRt and the flnal repesitory were considered politically feasible iR Gerlebek;.

The German utilities down-sized their national reprocessing capacity requirementto 350tKMfa

to be built in Wackersdorf aRd decided -as substitute for Gorleben -to enlarge their pilot MOx

fabricatioR facility ln Hanau to fOO t HM/a. At the same time they decided to deveiop the

process of direct disposal of spent nuclearfuel, in orderto have this technology available as a#

alternative to fuel recycling.

A detailed study was perforrned which dernonstrated that from the safety perspective there wa$

no disadvantage in direct fuel disposal compared to the closed nuclear fuel cycle. Consequentl¥

the German utilities in a985 declded to plan and build the spent fuel treatment plant (PKA) iR

GoriebeB,

in 1989 the reprocessing project Wackersdorf proved to be much more expemsive thaR

expected. At the same tirne it became obvious that Cogerna's and BNFL's reprecessing facilitie$

could not cornpietely be filied by the national reprocessing requlrement in these countries. BY

then the idea of the European Union -just a big visien 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 Iegal

                                                                         -tl
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requlrement, to prove six years in advance possibilities to take care of spent nuclear fuel,

additional reprocessing capacities in Cogerr}a and BNFL facilities were booked by the German

utilities. A second very is'nportant eventin 1990 was the Gerrnan reunificatioR, Even though all

Ea$t-Gerrnan nuclear generation was stepped after reunification, the Morsleben final repositery

of the former GDR maRaged to get an interim permit to continue low level nuclear waste

disposal up to the year200e.

The capacity in Morsleben adds up to two West-German repository projects, Konrad and

Gorleben. Disposal of radioactive waste jn Gerrnany is a federal state responslbility. AII steps of

the fuel cycle are realized in private responsibility, except-with reference to the leng time span

involved -･ waste disposai. -l-oday forecasts show the volume forwaste disposa( available in aU

three uRderground repositories exceeds the German demand, So from the utilities' perspective

there is a strong econorr}ic motivation to seek interllational co-operation oB this matter,

Due to increa$ing political problerr}s with plutoniurr} utilization, a few years laterin ear[y 1994 the

MOX･-fuel fabrication in Hanau was stopped, too. With thls decision, all attempts to build up a

German recycllng industry had failed. Consequently the German governrnent changed the

atomic law ln 1994, and gave up the legal preference for the recycling of nuclear material.

Today recycling and direct spent fuel disposal both are legally valid back-end options for the

Gerrnan nuclear utilities, So today oniy economic facts guide the decision which back-end

solution will be chosen forthe discharged fuel.

lwould like to draw yourattention te a very interesting fact,lhave mentioned many prejects

which failed. Success was achieved with higher degree of certalnty when nuclear project$ 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 rnore resistant against local

objections than national projects are.

polltlee

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 COGEMAlam quite sure we all rely on the same technical and commerciaki "

of reprocessing and recycling. The Gerrnan considerations fordirect disposal of spent nuclear

fuel might not be so famillarto you. Therefore lwould like to briefiy introduce this procedure te

you.

Slide 2

The base concept fordirect disposal assurnes that the fuel assemblies discharged from the core

wHl rernain in the fuel pond fora five year cooling period. Then up to 1O tiHM are placed into

one transport and interim storage cask (publicly known as Castor cask), This cask will be

transported into an interim $torage facility.

This cask storage is a dry storage, the fuel is siding 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 net

permit to bring the Castor cask down into the repositery, due to its gross weight of more than
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G2o tonnes. Even the Pollux cask taking upjust fourtonnes of HM, requires extraerdinaiy shaft

technics, which had to be developed on purpose to download the gross weight of up te 80

toRnes which is expected for the l'ollux final disposal gear.

Besides this reference concept there are a let offlexibUities given thanks to the spent fuel

treatrnent facility (PKA) which has been built in Gorleben and which wiil get its operation license

in G999. If nuciear powerstations cannot provide spent fuel with 5 year cooling tirne, smaller

cask could be loaded and transported to the Gorleben interim storage. After cooling forsorne

extra time a cask reioading could be performed in order to optimize interim storage capacity

requirement.

A furtherflexibility 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, sirnilar to those received from the reprocessing plants. Depending on the future

underground storage techRics this step would allow a standardizatien of final dlsposal packages

and thereby minimize the efforts to handle the waste packages underground. Please note that

even though the spent fuel treatment facllity is existing in Gorleben, the Gerrnan 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,

Sfide 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 requirernents it will have to fulfill.
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As long as these conditions are not known, direct disposal sirr}ply means long--term interirn

storage of spen{ fuel.

As rnentioned before as faras the back-end oi the nuclearfuel cycle is concerned the Germaft,･,.,

utilities are in a rathergood position. They have the choice between two technically provenaft/1"'

legally valid alternatives. The choice due to increaslng competltlve price pressure on the

generation cost, can only be influenced by commercial con$iderations.

lf you leok at the historic development of nuclearfuel cycle costs, you reallze that overthe la$t

20 year$ the fuel cycle back-end costs have developed to be the major factor. In Gerrnany 2/3

of fuel cycle costs are spent for the back-end.I trust that this situation is not too much different

in other countries, that are engaged in recycling. Certainly a big part of these back-end costs

are related to final disposal of wastes or spent fuel. For the German utilitles, even though they

have to pay 93 % of the cost incurred for final dispesal actMties, there is hardly any chance to

optimize in this respect, Realizing fina.I disposal of nuclearwaste as already stated is a federai

state obligation, most likeiy we will have big overcapacities judged with respect to underground

storage volume, but there is no chance for a commercial optimization. Therefore, when declding

on the back-end fuei cycle alternatives from the Gefman perspectlve, the cost comparison is

excluding repository considerations.

$fide 4

As reprocessing ha$ grown into a mature technical status, we already have seen price

reduc{ions here. We definitely will encourage Cogema and BNFL to further optirnize their

processes and reduce prices accordingly. Still unreasonable price levels are given for MOX

fabricatioR. in the nearfuture, when givefl 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 doiRg so. MOX

fabrication costs of today, being 1O tlmes higher than uranium fuel fabrication cost$ make

recycling prohibitive.

with respect to the interim storage ef spent nuclearfuel, there are no big uncertainties either.

The problerr}s in costjudgment are llnked to so farunknown requirernents that might arise with

defining the boundary conditions that spent fuel will have to fulfillin order to be finally disposed

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

But, we all should be aware, that if nuclear generation wants te $urvive ln a cornpetitive

electricity rnarket, oniy price reductions are possible, ln Europe already today combiRed cycle

gas generatien on full cost basis is cheaperthan the marginal cost$ of some smaller nuclear

powerstations. So, the only way that the Gerrnan utilities wiil use the flexibility which they

gained by developing alternative solutiens for the back-end of the fuel cycle is to cut their

generating costs to be fit for competition.

$o Iet me summarize:

o On one hand the recycling lndustry is essential for leng-term utilization of nuclear fission

based energy generation, is strategically irnportant because it gives independeBce in

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

o On the other hand direct disposal of speRt nuclear fuel permits just the short terrn usage

of the given nuclear generation capacities, there is no strategic long-term perspective to it,

but big fiexibility is achieved thaBks to doing nothing but store tine fuel. Therefore direct
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disposaKoday promises to be the low cost approach to solve the nuclearfuel cycle baeee

end.

What seems te be at first glance a thesis - antithesis situation already provides the synthesis lit

itself. We all,ltrust, believe in the benefits of nuclear energy generatlon. Therefore let's co.

operate to give it a future, Nuclear generation has to prove its value ln corripetition with fos$il

generation. To do this we have to reduce costs which is only possibie 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 nuclearfuel cycle in orderte

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 ourindustry faces today.
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       Pifesentaeggit Ptsper

        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 ofNuclear Power in Korea

    Korea has twelve operating nuclear units, ten PWRs and two CANDUs. J"ly 1,

1997 marked a milestone in Korea's 20 year history of Ruclear electricity generation,

when nuclear power capacity exceeded 10 million kW with the commencement of

commercial operation ofWolsong Unit 2, the second CANDU reactor. AIso, 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 consistiRg of 4 PWRs and 2 CANDUs 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

lmports.

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) frorr} power

reactors. Afteradecadeofunsuccessfu1effbrtsinsearchofaLILWdisposalsite,
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the govemment decided that the major task of the natioRal radioactive wa$ttttt,

p.a,nB2e.m,e?･:pl.o.g.rzm,,sRo,ew.begla,2SXegked,k3,tP,g.5grZa.gi?8,t/rX.98,W,er.C,2.ll?&rrglgllllllll/,,.

through the construction and operation of domestic nuclear power plants iRcludiRee""'iS"'t'i

KSNP, KEPCO is implemeRting the RatioRal radioactive waste management project,g.i,

A disposal facility for LILW will be in operation in about 10 years from now.

Spent Fuel Management Policy

    The natioRa} acceptability of a particular back-end strategy depends ck

Government demonstrating a long-term coramitrfient to nuclear power and providiRg

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 enviroRment. Because Koreai'

has scant natural energy resources of its own, its economic development over the la$t

30 years or so has been fuelled by alrr}ost eBtirely by imported eRergy. It is not

surprising, therefore, that the improvement of natioRal energy security is one of the

foremost objectives of the national energy policy. In nuclear power generation, the

achievement of national eRergy security is Rot, however, solely dependent on the

politics and economics of uranium procurement or front-end fuel cycle logjstics,

Implementation of an effective back-end fuei cycle strategy which makes optimgm

use oC presen£ and p}anned generating plants is a highly significant elemefit in the

formulation of policy in this area. Also, environmental advantages must be viewed

in the coRtext of the complete fuel cycle. The Rational 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 p"bliC

acceptability, this route currently commands s"bstantial international support. Some

nations have adopted this as the preferred spent fuel rr}anagement strategy. To date,

however, there has been no commercial scale operation of direct disposal facility Of

speBtfuelorhigh-levelradioactivewaste(HLW). Inthemeantime,toprovide
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flexibility in spent fuel managemeBt, MOX fuel utilizatioR through international

cooperation might be considered. The legal afid technical aspects related to the

storage, treatment and disposa} of spent fuel are specified ifi 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 disposa} 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 aRd the environment can be adequately protected

from the harmful effects of waste in a way to miniraizes transfer of responsibiiity to

future generations. These probiems should be resolved by R&D. DevelopmeRt of a

m"lti-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 beeR conducted by relevant research

organizations in accordance with a long-term plan established by the Atomic Energy

Commission. Basic research programs oR the following four areas have been

continued: performance assessment and disposal system developmeRt,

geoenvironmental study,engineered barrier deveiopment, and radionuciide migration

study. Ajoint research program for the development ofDUPIC (Direct ese 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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SESSION　4



　　　　　　　原子力産業会議・年次大会

　　　　「科学技術は21世紀に何をもたらすのか」

一異業種間競争と技術融合のダイナミックスー

　東京大学・先端研

　　教授　児玉文雄

（1998年4月22日）

　20世紀に進展した技術進歩を長期に亘って観察した結果，M．　Tushma且とP．

AndersoM　1986）は，「インクレメンタルな技術変化が長期間継続した後に，こ

の漸増的な進化プロセスは，非連続的な技術進歩により中断（punctuate）される」

という現象を発見した。セメント技術についての1888－1980年間に及ぶ技術変

化や，ガラス製造技術についての1890－1980年間に亘る技術変化の観察結果によ

り得られたものである．

　このような分析結果に基づいて，技術的非連続性を，それまでに蓄積してき

た技術を更に一段と向上させる非連続性と，既存の技術蓄積を破壊してしまう

ような非連続性に分類・整理した．そこで，前者の技術進歩を「技術蓄積向上

型」（competence－enhancing）と呼び，後者を「技術蓄積破壊型」（competence－

destroyi簸g）と呼んでいる．　「蓄積型」は当該産業が保有している技術ノウハウ

の上に構築されるのに対し，「破壊型」は当該産業に蓄積されてきた知識を陳

腐化してしまうものである．例えば，ターボ・ジェットの技術進歩は先行した

ジェット・エンジンを土台にしているのに対し，機械式の時計や真空管のメー

カーの技術は，クウオーッ式時計や集積回路の出現により旧式のものになって

いった．

　Harvard大学のBranscomb教授は，その著書「Beyo船Spinoff」（Alic；1992）

において，技術進歩のプロセスを次のように記述している．技術進歩は追加的

改善のプロセスを長期間に亘って経験する間に，その費用対効果の比率は段々
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と低減していく，この緩慢なプロセスは，革新的な技術群の出現により突然中

断されるが，その非連続性は元を辿ればその大部分は基礎研究の成果に帰着さ

れる．そして，この新しく出現した技術は既存技術の持つ基本的な障害を取り

除き，技術進歩を新たな改善のプロセスへと導いて行く．一方，技術開発の市

場は，実際に技術が創造されるまでは，明らかなもの（articulated）どはなり得

ない．そこで，「仮想敵な市場（vi醜al　markets）」を想定することが重要となる。

このような仮装市場は，技術的可能性が示唆するよりは，社会・経済的ニーズ

のバーセプションから派生することが多い．

　では何故，追加的技術改善のみによる技術進歩のプロセスは，その費用・効

果比を低減させて行くのだろうか？米国の進化経済学者、R．　NelsonとS．Wi黛ter

（1982）は、技術進歩の累積的性質を「自然軌道（natural　traj　ectory）」という分

析概念で説明した。つまり、現在の研究は効果的な新技術を生むとともに，将

来の研究のための自然な出発点を準備する，という考え方である。そして、「自

然変種（餓ural　variety）」の「近傍（neighborhood）」の概念を主張する。つま

り、ある有効なシステムが一旦確立されると、変更を加えるとしても些細なも

のに留まるというものである。

　しかしながら、技術的可能性は，多数の異なるクラスの技術群から構成され

ていることもある。これらのクラスのなかで、技術進歩はある特定の軌道に従

う。任意の時点で、あらゆるR＆Dは、特定のクラスの技術群にだけ焦点を当

てて、他のクラスの技術群についてはなんの注意も払わない。この「経路依存

性（path　dependency）」は、技術開発では頻繁にみられる．そして，これによっ

てシステムが全体としては最適とは言えない経路に「ロックイン（lock－in，固定

化，凍結）」される可能性が出てくる。日本の原子力開発、わけても高速増殖

炉開発には、この理論が当てはまっている可能性を否定できない（Cowan；1990）．

　したがって、公共政策の是非をめぐる議論は、「研究開発を現在の経路から

如何にして『アンロック（unlock）』するか（解き放つか）」、また，「如何に

して可能性のあるすべての軌道を探すか」，という点を主眼にすべきである（児
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玉　1997）．この政策論議は，先に述べた「技術蓄積破壊型」の技術的非連続

性についての分析により得られている科学的知見に依拠すべきである．すなわ

ち，インクレメンタルな技術的改善のみからなる緩慢なプロセスが，どのよう

に中断されたかの分析が必要なのである．

　MITのJ．　Utterback（1994）は，46個に及ぶ非連続的な技術革新の事例（26事

例がプロダクトの技術革新で，20事例がプロセスの技術革新である）を収集し，

殆ど4分の3の非連続的技術進歩の事例は，本来とは異なる業種によって達成

されたものであることを解明した．すなわち，46の中の12事例は既存の業種内

の競争によりもたらされたものであるのに対して，46の中の27事例は既存の業

種以外の業種によりもたらされたものである．技術革新の発生源を認定できな

かった事例は7事例であるが，その理由は当該の非連続性が出現する以前には，

該当する業種が存在すらしていなかったからである．

　このようなUtterbackの分析結果は，本論文の文脈からは何を意味しているの

であろうか？すなわち，最適軌道から逸脱した技術開発をアンロックするとい

う非連続的な変更に必要なのは何か，ということに関する含意である．分析結

果が明らかにしているのは，非連続な技術進歩は，多くの場合「異業種間競争

（1琵terindustry　Competitio韮）」（Kodama；1995）がもたらした結果であるという

ことである．

　しかし，T“shman等の分析で述べたように，技術進歩の非連続性には，技術

蓄積向上型と蓄積破壊型の2種類が存在する．最適性に欠ける軌道から技術開

発をアンロックするのに有効なのは，技術蓄積破壊型の非連続性である．そこ

で，技術革新の形態と技術開発の形態との相関を分析することが必要となる．

技術革新の形態には，技術蓄積向上型と蓄積破壊型という二分法を採用し，技

術開発の形態としては，同業七二競争と異業種間競争という二分法を採用し，

両者の間のクロス分析をしてみよう．その結果を，Utterbackの分析で取り上げ

られている事例の内容と共に，　表1（蓄積向上型）と表2（蓄積破壊型）に示

す．
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　まず，技術蓄積向上型の技術革新についてクロス分析を見てみよう．表1に

よれば，15事例の中の11事例が同業静内競争によりもたらされたものであり，

4事例だけが異業種間競争の産物であるということになる，すなわち，一旦最適

軌道に入った後の技術開発の形態としては，同業種内の熾烈な競争が有効であ

ると想定できる．

表1．向上型技術革新の事例と同業口内競争とのクロス分析

同業種内競争：

　　　半導体メモリー．

　　　空冷式エンジン；

　　　水素冷却式発電機；

　　　：コンピュータ制御キルン；

　　　エディソン式長尺キルン；

　　　機械式シリンダー状ガラス’

　　　熔融塊式（Gob）製瓶機；

　　　二重ゴブ式板硝子成形機；

　　　連続鋳造；

　　　連続引き抜き銅線；

　　　繊維方向性強化板材．

異業種間競争：

　　　電動式タイプライター；

　　　集積回路；
　　　連続式縦型キルン；

　　　原子力蒸気発生システム．

Source：Compiled　by　the　author　from　Flgures　9－3　and　9－4　in∫．　Utterback，　M∬’εだηg疏εDyπαηz∫（二∫げ

加πov厩。η　（Boston，　Harvard　Business　School　Press，1994），205－206．

　次に，技術蓄積破壊型の技術革新についてクロス分析を見てみよう．表2の

集計結果は，27事例の中の23事例が異業種間競争によりもたらされ，同業種内

競争でもたらされたものは4事例しか存在せず，蓄積向上型とは全く逆な結果

になっている．すなわち，最適ではない軌道に施錠されている技術開発を開錠

するためには，異業種間競争という技術開発の形態が不可欠なのである．
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表2．破壊型技術革新の事例と異業種間競争とのクロス分析

同業種内競争：

　　　懸垂式余熱器；

　　　引き抜き三板ガラス製法

　　　連続成形；

　　　フロート式板ガラス製法．

異業種間競争：

　　　集積回路の微細加工化；

　　　トランジスタ；

　　　電卓；

　　　房飾り付カーペット；

　　　超並列処理コンピュータ；

　　　ロータリーキルン；

　　　引き上げ面板ガラス製法；

　　　ビニール；

　　　セルロイド・フイルム；

　　　山送製氷法；

　　　入造宝石；

　　　小型液体酸素製造装置．

　　　フォトリソ露光装置；

　　　ラジアル・タイヤ；

　　　ディーゼル機関車；

　　　ボールペン；

　　　航空機用ジェットエンジン；

　　　冷蔵機械；

　　　白熱電球；

　　　鋼鉄製自動車；

　　　酸素吹き込み製鋼；

　　　直接還元製鉄法；

　　　光ファイバー．

Source：Compiled　by　the　author　from　Figures　9－3　and　9・4　in　J．　Utterback，　Mas古e1加g亡he

エ）y～ユa加jos　ofIn鍛ova右joη　（Boston，　H：a翌vard　Business　School　Press，1994），205－206．

　しかし，破壊が必ずしも自然発生的に新しい建設に結び付かないことも事実

である．すなわち，異業種間競争は必要条件であるとしても，技術開発を改め

て最適軌道に乗せるための充分条件ではない。　Stanford大学のRosenberg教授

（1976，1983）は、19世紀後半の米国の経済と技術との相互依存関係を，工

作機械工業の成立過程を中心に分析した．その結果，　1840年から1910年にか
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けての米国経済においては，工作機械工業が新技能と新技術の習得と普及のセ

ンターであり、この技術の普及は、兵器工業、ミシン工業、自転車工業、自動

車工業というように順を追って、段階的に行われたことを明らかした。すなわ

ち，20世紀に実現されることになる米国経済繁栄の技術的基盤（machino．

infrastructure）が，どのようにして構築されていったかを解明したのである．

　工作機械工業の研究に続いて，技術進歩と経済との相互依存関係を広範囲に

わたって研究した結果に基づいて、Rosenbergは「近代技術」の成立条件を，「補

完性（complementarity）」、「累積効果（cumulative　impacts）」、「産業連関性

（interindustry　relationships）」の3っの特段という形で整理している．　「相互補

完性」とは，発明は決して単独で効果を発揮できるものではなく、補完的技術

に依存することが大きいということである．工業経済の生産性の上昇は、お互

いに連結している相互補完的な技術群の複雑な効果によって生ずる。従って、

適切な観測単位は、単一の技術革新ではなく、相互連関している一群の技術革

新である。誰が見ても大きな技術突破の場合でも、生産性上昇への直接の貢献

は小さい。

　「小さい改善の累積効果」とは、生産性上昇の大部分は、小さな改善を技術

革新へと積み上げていくという形を取る。事実，高度に発達した産業経済にお

いては、技術進歩の多くのものは余り目だたないものである，　「産業連関睦」

とは、技術革新による生産性上昇の便益は、技術革新を造り上げた産業とは異

なる産業により享受されるということである．従って、技術革新の便益を全部

計上するためには、産業間に存在する連関を考慮しなければならない。ダイナ

ミックな技術革新下の産業経済は、企業や産業に新しい専門化を作り上げる。

伝統的な業種の境界の範囲内に、技術革新の結果を閉じこめることは出来ない

のである．

　しかし，20世紀の最後の4半世紀に著しい発展を遂げた先端技術を特徴づ

けるのに，Rosenbergが展開した上記の特性で充分であろうか？メカトロニク

スやオプトエレクトロニクスの2つの事例に見られる如く、「先端技術」を特
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徴づけるためには、これらの概念を更に拡大させなければならない。このよう

な先端技術の事例はRosenbergの研究には含まれていないので、この3っの特徴

は萌芽期の先端技術の特性にしか過ぎないと言えよう。最近の先端技術も同じ

ような特徴を持っているかも知れないが、技術が創り出される方法は変化して

いる．Rosenbergが主張している「相互補完性」の特徴は長期の歴史分析によっ

て抽出されたものである。従って、これらの現象は、歴史的偶然の積重ねの結

果であり、決して意図されたものではなく、むしろ受動的な行動の結果である。

しかし、メカトロニクスやオプトエレクトロニクスは、かなり短期間で開発さ

れ、しかも、異業種の異なる企業間の積極的な共同研究プロジェクトにより開

発されたものである。このことは、技術革新の「制度的枠組み」が変化してい

ることを示唆している．

　「改善の累積効果」についての特微は、遡及的分析により明らかにされたも

のである。従って、たとえ成功したプロジェクトにおいても、技術開発を行っ

ている途上において、これらの特徴が明確に認識されるていたわけではない。

しかし、メカトロニクスやオプトエレクトロニクスの開発事例においては、開

発の初期段階から、これらの特徴が明確な形で認識されていた。このことは、

技術革新の「動学的側面」の理解の水準が向上したことを意味している．　「産

業連関性」については，メカトロニクス技術の種々の機械類への普及の測定が

参考になる．　「メカトロ化した機械」を計算機制御付きの機械と定義すれば、

各種の機械の総生産量に占めるメカトロ化した機械の比率により、その普及率

を測定できる。このような測定により、種々の機械類におけるメカトロニクス

技術の普及は、日本のすべての製造業を通して驚くほど早かった。事実、15年

も経たない内に、その普及は飽和点に達している。しかも、その普及は異なる

業種で殆ど同時併行的に進行した。このことは、「技術普及の枠組み」が変化

していることを示唆している。

　以上を要するに，先端技術を充分に把握するためには、Rosenbergの洞察を包

含し、且つ先端技術の新しい特徴を組み込むような、新しい理論の構築が必要
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である。この特徴はRose且bergが近代技術で識別した特徴と、次のような点にお

いて異なっている。メカトロニクス革命は、機械技術が電子技術と材料技術と

融合したことにより、オプトエレクトロニクス技術は、硝子技術がケーブル技

術と電子デバイス技術と融合したことにより創り出された。メカトロニクスや

オプトエレクトロニクスという言葉が示唆しているように、「融合」とは異種

類の技術の単なる組み合わせ以上のことを意味し、そこには1＋1が3になる

という算法が成立するのである．　「技術融合」は、単なる組み合わせを越えて

おり、技術革新に参加したものに新しい市場と機会を提供するので、「補完性」

以上のものである。技術融合はいくつかの別々の技術分野を混合して、他では

みられない何物かを追加するのであって、小さな漸進的な「改善の累積」を越

えている。技術融合は、異業種の異なる技術革新が、共同研究という形で同時

併行的に進行するのであって、「産業連関性」を越えている（児玉；1991）．

　既に述べたように，巨大技術開発をその経路依存性から開放するためには，

異業種間競争が必要であるが，これは充分条件ではない．異業種間競争で出現

する技術突破を契機にして，21世紀に向けて巨大技術開発プログラムが最適

な軌道を辿り始めるためには，「技術融合」が不可欠なのである．　「技術融合」

が不可欠なのである．今後、この融合現象は製造業を越えて高度化していくも

のと考えられる．（Kodama；1992）．

　最近話題になっている，高度道路交通システム（Intelligent　Transport　System）

は，公共インフラと民間個別技術を結ぶ「社会システム融合」を目指したもの

であると言えよう．このような技術開発をどのように推進しているかについて

は，自動車技術と環境技術との過去の相互作用関係を振り返ってみることによ

り，その参照軸を発見することが出来る．まず，地域レベルの環境問題の典童

的なものであった，自動車の排気ガス問題の解決には日本の自動車メーカーの

貢献が大きかった．この問題解決へ向けての契機になったのは，本田技研の持

つ「エンジン技術」についてのコアコンビテンスであった。しかも，このコア

コンビテンスが次に続いた石油危機を契機として突然現れた低燃費問題題への
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解決に遺憾なく発揮されたのである．すなわち，自動車エンジンで，燃料を「ク

リーン」に燃焼させることと「効率よく」燃焼させることとは，シリンダー内

の混合ガスの流動を徹底的に調べ上げた，本田宗一郎氏にとっては同じ問題で

あったのである．現在は触媒技術が使われているが，この技術競争は，化学工

業に対して自動車工業が勝利するという異業種間の技術開発競争の結果がもた

らしたものであった．さらに，この問題の高度な解決は，集積回路によるエン

ジン燃焼制御技術との技術融合がもたらしたという形に発展していったのであ

る．今後は，地球レベルの環境問題が自動車技術にとって致命的な役割を果た

すであろう．ITS技術の開発は，地球環境問題の解決には，一層高度化した社会

システム融合が必要なことを示唆してるのではないだろうか。

　エネルギー技術は，将来の炭酸ガス排出による全地球的な環境問題として，

人類の生存という本質に係わっている．このような長期的観点からは，原子力

技術への期待が大きくなっている．しかし，原子力は巨大技術である以上に，

大規模・複雑システム技術である．しかも，燃料供給一発電一再処理という，

自立した閉鎖系の構築を運命づけられてる．このことを勘案すれば，単一の社

会システムの構築だけではなく，政策レベルでの融合が必要とされていると言

えよう．事実，1997年5月16日に閣議決定された「経済構造の変革と創造の

ための行動計画」においては，「新規産業創出環境整備プログラム」として，

表3に示すような15産業分野が「新産業」として特定されている．しかも，こ

の報告書の参考資料には，この15分野に係わる「関係省庁連携会議」の各省庁

体制に関する表が添付してある（大蔵省印刷局；1997）．
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表3。新産業創出環境整備に係わる「関係省庁連携会議」各省庁体制

警
察
庁

総
務
庁

北
道
庁

防
衛
庁

経
企
庁

科
技
庁

環
境
庁

沖
縄
庁

国
土
庁

法
務
庁

外
務
省

大
蔵
省

文
部
省

厚
生
省

農
林
省

通
産
省

運
輸
省

郵
政
省

労
働
省

建
設
省

鑓

医療・福祉関連分野
§ ’ン

驚蕪治
雀
器

生活文化関連分野
；緩i灘

情報通信関連分野 譲麟

新製造技術関連分野 謄灘

流通・物流関連分野
ζ｝繁

へ‘．凡ド
難

環境関連分野

ビジネス支援関運分 〔演疑

海洋関連分野 総
蒸・緩灘

パ材テクノ臼シ㌧関連分 ．ごへ 黛

都市環境整備関連分 》．・：こ 鳶纐
航空・宇宙（民需）

ルぎしド

新工高キ㌔・省エネルギー
趨　ン．

@｝磁3・

人材関連分野

国際化関連分野

住宅関連分野

（出所）：大蔵雀印刷局，「経済構造の変革と創造のための行動計画j！1997年5月16日，閣議決定〉

　上記のような表の作成作業により一層明示的になる，複雑に錯綜している各

省庁の連携関係は，新産業創出のためには「政策融合」が不可欠なことを，図

らずも明らかにしていると言えよう．逆に言えば、このような政策融合によっ

て止めて、原子力開発の目標設定が「自立した閉鎖系の設計・構築・運用」と

いう一般的な技術開発課題に翻訳され、これが科学技術全体の索引車になる可

能性が出てくるのである。環境問題が深刻化する来世紀を考えれば、この技術

開発命題は、現存する技術システムばかりでなくこの後出現するものも含めて

あらゆる「人工物」に課せられた、今後の100年間を通した普遍的な技術課題
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になるであろう。けだし、各時代を特徴づけるような技術革新は、要求が最も

明確な（a丘iculated）応用分野への果敢な技術的挑戦により触発され、これを

「vi鋤al　market」と想定した技術開発により実現され、これが他の応用分野へと

普及・伝幡して行ったという歴史を繰り返してきたのである。

　来るべき21世紀社会においては，いくつかの高度な「融合」が技術革新の

源になるであろう．融合は協調し合うという意味で、異業種間競争とは対極的

な関係にあるが，この2つの動きが相互に重なり合って技術革新が進み新産業

の創造につながる（児玉；1998）．このような創造のダイナミックスが，原子

力開発と他の先端技術の相乗的発展を展望するのに当たっての基本概念となる

べきである．しかも，高速増殖炉のような革新的な社会・技術システムの創造

ダイナミックスのサイクルは，それに従事している研究者・技術者・計画者の

単独の世代で閉じるとは限らない．ある世代が開発・蓄積してきた技術的資産

を次の世代が継承し、時代の変化に伴い新たに発生する社会・経済的要請に応

える形で、技術開発の方向を修正・発展させるという長期的なダイナミックス

を想定すべきである。すなわち、自己完結的なエネルギーシステムの完成には，

数世代にまたがる継続的な技術開発活動を必要とするのである．
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ロンピュータと原子力

松浦　祥次郎

　　副理事長

日本原子力研究所

要旨

　原子力は、多くの分野の科学と技術を結び付けた総合科学技術である。したがって個々

の分野の科学や技術の発展が原子力の発展を促す一方、原子力分野での必要性が個別の関

連分野の発展を促すという相互作用によって、双方の分野のスパイラル的発展が可能とな

る。そのひとつの例に、原子力とコンピュータの相互作用がある。この二つの分野は、黎

明期を同じくし、両者は相互の牽引力として機能してきた。

　このプレゼンテーションでは、コンピュータと原子力の相互作用による相互のスパイラ

ル的発展を次の4期に分けて概観する。

　第1期は、コンピュータ開発に原子力研究開発機関が積極的役割を果たした1960年代

からコンピュータの性能が爆発的に向上した1980年代までを、

　第2期は、コンピュータの性能向上を受けて大規模或いは実時間的計算が原子力分野で

も盛んとなった1990年代までを、

　第3期は、並列処理による超高速計算が切り開きつつある計算科学の新しい潮流の時代。

これらの各時期におけるコンピュータと原子力の関わりと、両者が相互に牽引力となって

スパイラル的発展がもたらされた実例を、目本原子力研究所、動力炉核燃料開発事業団、

電力中央研究所での成果を例に取り説明する。

　第4期は、計算科学の新しい潮流とともに、原子力が再びコンピュータ開発の牽引力と

なろうとしている！997年以降の状況について説明する。

1．はじめに

　　原子力は、多くの分野の科学と技術を結び付けた総合科学、総合技術です。従って、

　個々の分野の発展が原子力の発展を促す一方、原子力での必要性が個別の関連分野の

　発展を促すという相互作用によって、双方の分野のスパイラル的発展が

　可能となります。

　　その一つの例として、本日は、コンピュータと原子力がその黎明期を同じくし、両

　者の発展が分かちがたく結びついていること、また、主要な時期には、原子力がコン

　　ピュータ開発の牽引力となってきたこと、更に原子力とコンピュータが織り出す開発
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の夢の幾つかを、霞本原子力研究所の研究開発を中心に紹介したいと思います。

2．コンピューータと原子力の曙時代

　　　コンピュータと原子力は、その黎明期を同じくし、手を携えて発展してきました。

　　！949年、当時の米国原子力委員会は、高性能のコンピュータの必要性

　　を痛感し、資金を提供してコンピュータの製作を行いました．
　その頃に製作されたコンピュータは、真空管2千本程度を使い、一秒間に実行できる

　加減乗除の演算回数は1000回程度でした。

　　当時は、原子力の研究開発に必要とされる計算量と比較してコンピューータの能力が

　不足しており、原子力分野からの資金で、コンピュータの性能向上を加速する必要が

　あったわけです。

　　同時期に日本原子力研究所でも真空管式のコンピュータを導入して利用を始めまし

　たが、これは日本の第1号機でした。この頃から世界の原子力研究開発機関は、世界

　最高速のコンピュータを競って導入しており、この傾向は現在も続いています。

3．コンピュータ性能の爆発的向上

　　　コンピュータの演算回路素子、記憶素子が真空管、トランジスタ、IC（集積回路）、

　　LSI（大規模集積回路、VLS1（大規模高密度集積回路）と移るにつれて、その

　計算性能は飛躍的に増大してきました。この50年年のコンピュータの名目性能を横

　軸を年代、縦軸を名目性能として描きますと、線が3本になります。即ちマイクロプ

　　回船ッサ単体の性能線（下位の線）、スーパーコンピューータの性能線（中位の線）、単

　体装置を複数搭載した並列コンピュータシステムとしての性能線（上位の線）の3本

　　です。

　　特に注目すべきは、下位の線のパソコンやワークステーションに搭載されているマ

　　イクロプロセッサの性能向上です。1990年前後の飛躍的な技術進歩（設計技術と集積

　度の向上）で、スーパーコンピュータの10分の1まで性能が向上しています。

　　　この50年間で単体の演算装置としては、実に百万倍、複数の演算装置を搭載した

　並列コンピュータとしては10億倍以上の計算性能の向上が実現されています。

　　　このような進歩を原子力分野の中性子拡散計算コードCITATIQNの例で見ま

　すと、30年前には、1次元拡散方程式の計算がやっとでしたが、20年前には2次元

　　で計算でき、10年前には3次元の計算が短時間で可能となりました。2000年以降に

　　は、3次元が実時間に近い速さで計算できるでしょう。

4．原子力分野での最近の活用例

　　計算空間の多次元化、実時間的処理、大規模計算が盛んに行われるようになりまし

　　た。実時間的処理、大規模；計算について最近の日本原子力研究所の成果を中心に活用
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　例を幾つか説明しましょう。

　　次の2つは実時間的計算の例です。

（1）環境汚染物質の大気中の移流と拡散の予測

　　実時間的処理の例では、1986年のチェルノブイル事故による環境への放射性物

　質の風に乗った流れと広がり、地面へ落ちた量を2週間にわたって推定計算したもの

　があります。計算の結果は、実測値と良く一致しています。結果を分かりやすくする

　ために、1日を30秒に短縮して表示しています。迅速な対応が必要とされる緊急時

　には、実旧聞的予測が必要で、最近のコンピュータの発展によって、これが可能とな

　りました。

（2）国際熱核融合実験炉の設計支援

　　同じく実時間的処理の例として、現在、国際熱核融合実験聖王TERの設計活動が

　日本、米国、欧州、ロシアの4極の共同作業があります。

　　実験炉第1壁のタイルは1枚が4トンもある大きなもので、その補修作業は、周辺

　の放射線が強いことから遠隔操作で行う必要があります。CADデータを利用した遠

　隔操作のシミュレーション・システムは、実際の補修の事前解析に有効です。また、

　補修時にシミュレーションを実時間的に実行することによって正確な作業実施が可能

　となります。

　　　次に大規模計算の例を幾つか挙げましょう。

（3）大規模；構造物の放射線遮蔽の解析

　　理化学研究所と目本原子力研究所が兵庫県播磨に建設した大型放射光施設Spr

　ing－8が完成し、昨年の／0月から動き始めました。これは、直線加速器で1

　GeVの電子を発生させ、シンクロトロンで8GeVまで加速した後で蓄積リング

　を周回させます。電子の軌道を強い磁場で曲げると、強い光が発生します。この

　光を使用して、様々な研究が行われています。

　　発生した光は、ビームラインと呼ぶ通路を通って実験装置に導かれます。この光

　は強い電磁波なので、実験室周辺は十分な遮蔽が必要です。光を粒子の集まりとし

　て見ると、実験室の遮蔽の計算：には膨大な計算：時間が掛かりますが、最近の高性能

　コンピュータのお陰で、期限内に安全設計を完了することができました。この計算

　には、原研開発のモンテカルロ計算装置も使われました。

（4）人問型ロボソトの動作シミュレーション

　　原子力施設における定型的作業、例えば巡回点検作業などの自動化手段の一つに

　ロボットの利用があります。日本原子力研究所では、研究炉JR．R－3の一次区画

　のCADモデルを製作し、その一次区画内で2足歩行型ロボットによる巡回点検の
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コンピュータシミュレーションを行いました。その後、一次区画の一部分のモック

アップモデルを製作し、そこでメーカー製作の2足歩行ロボットに原研開発の視覚

情報処理システムを塔角して歩行させ、最後に現実の研究3号炉の一次区画内の歩

行実験を行いました。

　ロボット動作そのものの運動学的シミュレーションにはさほど計算時間は要しま

せんが、ロボットと環境との相互作用、特に環境の映像化と空間線量の計算に膨大

な計算時間が必要です。それによってロボット搭載の電子機器の受ける線量や同一

作業を行う人間の臓器が受ける線量などの予測が可能となります。

（5）高速増殖炉配管温度計の設計解析

　　高速増殖炉「もんじゅ」の二次主冷却系配管の内部に突き出した温度計さや破損

　の原因究明のために動力炉核燃料開発事業団では、数値解析によってこれを行いま

　した。

　　流れによって「さや」に振動が生じます。流れを左から右へ向かうとし、温度計

　は円柱で表して赤い粒子と青い粒子は、それぞれ流れに対して円柱の右半分と左半

　分の円柱の表面及び中心線上からの流れを対応させて計算結果を分かりやすく表示

　する工夫を凝らして、時間の移動と共に移動する円柱の位置、円柱によって分けら

　れた流れから生じる渦の状態について知見を得ました。この解析は、空間では円柱

　直径の千分の1（10マイクロm）、時間では円柱の振動周期の1万分の1（1マイ

　クロ秒）に分解することで可能となったものです。

（6）高速増殖炉の構造物熱疲労解析

　　これも動力炉核燃料開発事業団による解析結果です。

　　高速増殖炉では、炉心で発生する熱をナトリウムによって取り去ります。炉心の

　出口付近では、ナトリウムの温度の揺らぎが構造材に伝わり、その材料が熱疲労を

　受けることが予想されます。計算のモデルは、高温のナトリウム（320C，2m

　／s）を噴き出す燃料集合体を模擬したノズル、低温のナトリウム（280C，2

　m／s）を模擬したノズル、炉内構造物を模擬した2つの噴流が衝突する水平板（厚

　さ圭5mm）から構成されています。

　　噴流は、ノズルから流れ出た直後は大きく振動していますが、水平板に近づくに

　従って振動の周期と幅が急激に減少することが分かりました。

（7）地球気候変動の解析

　　最近は、環境保全という制約の下でのエネルギー開発と利用が重視されています。

　そこで、長期にわたって排出される炭酸ガスの影響を予測することが重要と

　なります。
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　電力中央研究所は、最近32台の演算装置を持つスーパーコンピュータを使い、

200時間の計算時間をかけて、これからの125年間にわたる地球全体の地表面

温度上昇の予測計算を行いました。計算モデルとコードは、米国大気研究センター

（NCAR：NaもionalCenter∫orA毛mospheric
Research）で開発された大気・海洋結合モデルとコードです。これも最

新の高性能コンピュータの出現によって始めて可能となったものです。

5．新しい潮流

　　　コンピュータ性能の飛躍的向上に伴い、計算科学と呼ばれる科学技術の手法が注

　　目されています。これは、実験データの助けをできるだけ借りないで、電子や原子

　　レベルならシュレディンガー方程式、分子レベルならニュートン方程式、流体なら

　ナビエーストークス方程式などの基本原理から物質や自然現象を構成してゆこうと

　する手法です。

　　次の3つは計算科学的手法による現象予測の話です。

（1）中性子捕獲による脳腫瘍の治療

　　原研東海研究所の4号原子炉は現在改造中です。完成は今年の7月を予定してい

　ますが、実験装置のひとつに中性子捕獲治療装置を設置します。

　　この装置を使えば脳内にできた腫瘍を中性子によって破壊することができます

　　（BNCT）。これまでは、この治療は、患者の脳を切開しています。開頭しない

　で中性子を利用できれば、患者と医療関係者の負担は大幅に軽減されます。そのた

　めには、照射時間を正確に予測する必要があります。現在高速のコンピュータを使

　って遮蔽と予測計算のシステム整備を進めているところです。

　　　これは、原子力とコンピュータが共同して、新たな医療技術の開発に努めている

　　例と書ってよいでしょう。

（2）冷却水中の気泡発生メカニズムの解明

　　原研の計算科学技術推進センターでは、電力中央研究所と協力して、原子炉の冷

　却水中に発生する気泡の発生メカニズム解明の研究を進めています。気泡の量を正

　確に知ることは原子炉の安全運転には重要な意味があります。

　　これには、セルラーオートマタと呼ぶ単純な計算法で長時間計算を行い、発生の

　ルール発見を行う一方、発生の理論モデルの構築、実験との比較という、理論、計

　算、実験の三位一体の方法論で研究を進めています。この三位一体の方法論が計算

　科学の最も望ましい姿です。

　　メカニズムが解明されれば、これまで実験に頼っていた部分を理論式或いは計算

　で置き換えられる可能性があります。
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（3）原子衝突のメカニズムの解明

　　高いエネルギーを持つ原子他の原子に衝突させたときに生じる反応をコンピュータ

　で模擬することなども計算科学的手法が活躍する場となります。原研では、量子力学

　的分子動力学法という計算手法を開発し、原子同士の衝突の核反応の計算をしていま

　す。これによって、反応は10の一24秒という速い時間間隔で発生します。従っ

　て実験では、反応の結果しか測定できませんが、量子力学の分野にまで拡張した分子

　動力学法という計算手法によって、このような微細、高速の物理現象の予測が可能と

　なりました。実験が困難な自然現象に対しては、計算科学の手法が大きな力を発揮し

　ます。

　　この計算手法で、炭素12と炭素12の衝突、炭素12とニオブ93の衝突、銅6

　3と金197の衝突などのシミュレーションを行い、種々の知見を得ています。

6．更なる高速化を求めて

　　次は計算の粗なる高速化の話です。

（1）最近20年間のコンピュータの性能

　　この25年間の主なコンピュータの性能向上には著しいものがあります。1976年

　出荷のスーパーコンピュータCRAY－1の性能を1としますと、1990年には70

　倍、1995年には7000倍の性能向上が実現しています。2001年には、これの30

　倍以上の性能向上が予測されています。

（2）新しい開発計画

　　日本では、原子力がこのような高速コンピュータ開発の牽引力となっていることを

　説明しましょう。

　　現在のコンピュータは高速になっていますが、地球規模；の詳細な気候変動を計算す

　る、或いは原子、分子レベルから物質構成を行うには、十分に速いとは言えません。

　近年、エネルギー開発も、環境制約の条件を考慮しながら進める必要があり、原子力

　と環境との関係もより密接なものとして捉えられるようになってきました。原子力の

　優位性を言うには、気候変動との関係を定量的に示すことも必要です。そこで日本原

　子力研究所は、宇宙開発事業団と協力して、このための高速コンピュータの開発を始

　めています。原子力が再びコンピュータ開発の牽引力を務めるわけです。その成果は、

　気候変動のみならず、物理、化学、材料、物性、放射線の生物影響、その他の研究開

　発分野に大きな進展をもたらすことでしょう。
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7，終わりに

　本日お話したかったことは、コンピュータによって先端的な原子力の先駈け的研究が

引っ張られ、また、逆に原子力がコンピュータ開発の牽引力となっていること、両者の

共同作業が極く近い将来に実現するかもしれない夢を生み出す可能性もたらしているこ

　とです。この講演からそのような事実の一端を汲み取って頂ければ幸いです。
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             Computeecs and Nuclear ERercgy

                     -Sho"ro Matsuura

                      V±ce President

          Japan Atornic Energy Research Institute

Abstract

   NuclGar enGrgy based on nuclearc sc±ence and engineering, by

definit±on, falls w±thin the category ofi quite a cornprehensive nature

ranging multiple discipiines. Accoydingly, development in the nuclear

energy R&D takes so-to-say a sp±ral couxse that once progacess occurcs

in certain indiv±dual f±elds of sc±ence and eng±neentng othex than

thG nuclear energy, it evokes and prompts anotherc deve±opment ±n the

nucieaac energy, and vice versa.

   One good exainple of this ±nteractive prcocess between the nuc±ear

energy and other fields ±s that w±th the computer technology. Both

computers and the nucleaM energy boirn nearly at the same point of human

history, have, irorn the vercy beg±nn±ng, wonked as the driving Eorce

to one anothenc.

   In th±s review the speakerc prcesents the h±storcy of the interactions

between corrqputers and nuclear eneacgy with their sp±ral evolut±on by

three four periods of t±me, i.e.,
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(1) the ftrst perc±od, firova 1960's thrcough l980's, ±n which nuclear

R&D organizations played an aggrcessive role fiorc the development of

computers, and the prcogress ±n the solid state electron±cs brought

the explosive cornputational capabUity available to mankind,

(2) the second period, the decade ofi 1990's, in which nuclear R&D

organizat±ons becarne to adopt, as their powerful means, rceal-time

and/oy lancge-scale computat±ons owing to the advent oE h±gh

perEormance compute]:s,

(3) the third pentod, through present, ±n which nuclear R&D

organizations axe prcoceed±ng into the new erca of advanced

corrgputational sc±ence and enginGering based on the abundant

capability oE-rnassively parallel computers, and ･

(4) the fourth period, from now to the near futuece, ±n which the

computationa± demand ln nuciear rteld ±s expected to play again a

Zocornot±ve force for development of new, very high speGd computers.

   Using the rcesearcch results made by the Japan Atoralc Energy Research

Xnstitute, Power Reactorc and Nuclear Fuel Development Corporat±on,

Central Reseanch Institute of Electr±c Power Companies and othexs,

the speakGr intends to illustrate thG spiral evolution of computers

and the science and eng±neerc±ng in nuclear enGrgy tield.

1. Introduction

   Nuclear enercgy is a subject of science and engineeting ±n rnany
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diffencent E±elds. [rhercefoxe, wh±le developraent in the scient±tic or

engineering f±eld urges development of nuclearc energy, the necessity

in nuclear energy promotes development in rcelated ttelds. This

relat±on enables spiral development of both fields.

   As an exairgpie ofi such spiral development, I would l±ke to ±ntroduce

to you today the relation between computers and nuclear energy. They

share their dawning era, the development of one is closely ncelated

to that oE the other, that nuclearc energy has been acting as a

locomotive force of computerc development. And I would like to introduce

sorne ofi the new wonlds woven out by corrqputercs and nuclear energy.

2. Era of Dawning of Computers and Nuclearc Energy

   Computercs and nuclear energy share thGir dawning era and since

have been developing hand in hand. In 1949, the U.S. Atoptc Energy

Cor[irr[Lssion (USAEC) at that time strongly felt the necessity of high

penfo]rmance computercs, and suppl±ed fund for rnanufacturing computers.

   The computers produced at that time, which used about 2,OOO

electron tubes, only had perforrnance of execut±ng appacoximately 1,OOO

t±mes of Eundarnental arithmetic operat±ons perc second.

   In those days, the computer capability was very low cornpared with

the amount of calculations required Eor the research and development

ofi nuclear energy and, therefore, it was necessary to accelerate the

improvement oE cornputer performances by us±ng funds from the nuclear

energy field.

   In the sarne perc±od, the Japan Atomic Energy Research Institute
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(JAERI) installed and started use of an electron tube type computer,

and this was the f±rst electronic cornputerc ±ntroduced in Japan. From

around th±s time, nuclearc energy development organizations in the

world came to v±e with one another in introduc±ng world's fastest

computers, and this trcend has been continu±ng up to today.

3. Explosive Prcogress of Computer PercEorTnance

   As circu±t cornponents and mernory of cornputer changed frora electron

tube to trcansistor, XC,(integrated circu±t), LSI (large-scale

±ntegncation circu±t), VLSI (very larcge-scale integ]ation), the

perEoruvances of computers sharply incrceased.

   When we descr±be the nomLnal petformances of computers developed

during these fi rty years in a graph which abscissa ind±cates age, while

the axis of oifdinate represents nominal performances, we can find three

lines of performances.

   The lines ind±cate fior rtticroprocessors(lower l±ne), for

supercornputercs(midd±e line) and for parallel computercs(upper line).

Anyone who draws the lines can easily recognize the facts that dur±ng

the pentod oE these f±fty years, the comput±ng petformances of

m[Lcrcoprocessors increased more than one mLllion times, and those

of parallel computers achieved as rruach as no less than one bnlion

times lncrease.

   The contribution o£ such rap±d progrcess oE computerc percfo]mance

to the nuclear energy may be expressed in the ioUowing simple

exainple.
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   About thirty years ago, the best calcu±at±oR made by computeac was

one d±mensiona± neutron d±ffusion equation forc reactonc core. Twenty

years ago, this ca±cu±ation was made for two d±rnensional case and,

ten yeancs ago, the calculation for thrcee dimensional case came to bG

made in rrxi"nutes. At presentt this calculat±on can be made at a speed

of near real tLrae with a h±gh speed computer.

4. Recent Computerc Applications ±n Nuclear F±eid

      With sharcp prcogress of computer technology, meltid±irtensional

calculations, rceal-time prcocessing and large-scale calculations came

to be pract±ced frequently also in the rteld of nuclear energy.

Regarding rceal-time processing and laxge-scale calculations, let me

                                             '
show you some examples of applicat±on centering around the

ach±evements obta±ned recently by the Japan AtQmic Energy Research

Inst±tute(JAERI).

   In the follow±ng let me ±ntroduce you two examples of near real

time calculation.

(1) Predict±on of Airborne Rad±oactive Materials

   As an example oE near real-time processing, we can show you a

calculation made Eor estimating the amounts of advect±on, d±fEus±on

and deposition of radioactive materials over two weeks in the

env±rconments caused by the accident at Chernobyl in 1986. The rcesults

         '
of calculation well agrcee with the rneasurced values. Real t±rne

calculations asce necessarcy in case of an emergency wh±ch rcequires

quick responses, and these have become possible wlth recent
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development oE computers.

 (2) Design Assistance to ZTER

   This is also aR exainple of real-t±rne pvecess±ng. At present,

design act±vities oE ±nternationa± therrnonuclear fusion exper±mental

aceactor ITER are beiRg prcoxnoted under a jo±nt worck by Japan, United

States, Europe and Russia.

   The tiles used forc the first wall of the experimental reactorc are

very large ones, with a weight of four tons Eour each p±ece. The repaix

wonck of the t±les must be carrc±ed out by remote operation because of

strcong radioact±vity in the suracounding area.

   A s±mulation systern of rcemote opencation ut±Uzing CAD data is

effect±ve for preliminarcy analysis to be made beEorce the actual repa±rc

wonk. Moreovex, it becomes poss±b±e to, perEorm a repair woxk

accurately by executing a sirmuLlat±on in real timG at the time of the

rcepalr.

   Next let mG show you soine examples of ±arcge-scale calculation.

(3) Shielding Analys±s of a Large-scale FacU±ty

   The large facUity Sprc±ng-8 fosc synchrcotron rcadiation was

constructed ±n Harc±ma, Hyogo PreEecture, Japan, jointly by the

Institute oE Physical and Cherr Lcal Research (RIKEN, Japan) and the

Japan Atomic Enercgy Research Inst±tute (JAERI) and was put ±nto

conmLssion in Octoberc, 1997.

   It cons±sts ofi a linear accelerator which genexates electrons with
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1GeVenergy, a synchrotronwhichacce±eacatesthee±ectxonsto8Gev,

and a storage ring wh±ch holds the electrons for a long time. A strong

Ught beam is generated if the trajectory of the electrons is bent

wrth a strong magnetic tield. Many kinds of rcesearches ance be±ng done

by utiMz±ng the light beam sources.

   The genercated light bearn ±s led to expentmental devices through

a channel called beam line. The rooin for experiment and the

surrounding arcea must be shie±ded sufficiently well because this beam

is a strong electrornagnetic wave. IE you consider a beara as a group

of particles, it takes an enorTnous amount of calculat±on t±me Eox

analys±s o£ shieiding oE the room, but we could cornplete safety des±gn

w±th±n a scheduled pertod thanks to a h±gh-perfoumance computer of

ncecent development. We also used a superccomputer Monte-4 for the

sh±elci±ng analysis. The computer was designed and developGd by JAERX

Eorc high speed calculation of part±cle transport .

 (4) Human-shaped Robot in Nuclear Plant

   As one of thG rneans for automat±on of routine work such as

inspection patrol in a nuclear power plant, utilization of xobot wUl

be useful. Th±s ±s a simulat±on ofi a human shaped robot walking ±n

the prirnayy comparctment of the ncesearch reactor JRR-3 oi Japan AtorrvLc

Energy Research Institute (JAERI) located at Tokai-muya vUlage,

Ibaraki Pyefecturce. Although not rmch calculation time ±s acequired

foM the kinet±c simulat±on of the robot motions themselves, it takes

an enoumous amount of time for the calculat±on of interact±ons between
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the robot and the environments, especiaUy visualization of

environments and calculation of spatial dose. This makes it possible

to est±mate the dose of electronic equipment loaded on the rcobot, the

dose oi organs oE a pencson who executes the same worck.

(5) Design dnalysis of Sheath of Theumornetex in Pipe of FBR

   The Power Reactor and Nuclear Fuel Deveiopment Corporation (PNC)

has made computatioRal analyses for ±nvestigation of the cause of

damage of a sheath oE thermometer which ±ncurred the shot down of the

fiast breeder reactor Monju.

   In the analyses the sheath diameter wence sepaifated in ten mLcrcons

and the calculations were done for a tiirne step of one ri Lcrosecond.

Ow±ng to this ncesolution of fine mesh, the caiculat±on exactly showed

vibrations and movement of the sheath in sodium ntow, vortices caused

by the theumometer.

(6) Themnal Stress ltnalys±s of FBR Strcucturce

  Let rne show you one more exampLe obtained at PNC.

  The heat generated in the fast brceeder reactor conce is removed by

sod±um Elow. Near the outlet of the reactor core, swaying temperature

of sod±um is transferred to the structural iaatercial. Therefore the

inater±al is faced with the theumal stress.

   A calculat±on analys±s was done by mak±ng a rnodel wh±ch consisted

of two sodium Elows of h±gh temperature(320 C, 2m/s), low

temperature(280 C, 2m/s) and a plate. The two ilows were blown out
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Erco!a neighboMing two nozzles separateiy and f±nally collided w±th the

plate. The calculat±on showed that the periods and widths of the flows

rapidly decreased according to the decrease of distance between the

plate and the flows.

(7) Prced±ct±on of Global Change

   In recent t±mes, rnuch emphasis has covae to be placed on development

and utilizat±on of enencg±es under the restntction of environmental

pscotection. For that r'easonr it becornes important to estimate the

±nfluences of carbon dioxide eir[Ltted over a long period.

   The Central Research Institute of Electric Poweac Companies

recently performed calculations £orc estimating the inc]rease of

atmospheric temperatunce for a period of 125 yearcs to come, by us±ng

a supercornputerc having 32 processors and with a calculat±on time of

200 hours. The calculation model and code is a comb±ned atmospheric

& ocean rnodel developed by the National Center for Atmospheric

Research (NCAR). This has becorne poss±ble also with the advent oE

high performance corpputers of recent development.

5. New Tidal Wave

   With rcapid and explosive incrcease ofi camputer percfoumance,

attention ±s being pa±d to a methodology called " the connputational

science and engineentng", CSE forc short.

   Th±s is a methodology Eor understanding the structure of mattercs

and natural phenomena, not by experiments nor theoyy but frore

calculat±ons based on fundafnental princip±es such as Schxoedingerc
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equation in the case of eiectron and atomic Zevel, Newton's equation

fior molecular ievel, Navier-Stokes' equat±on forc fluid, etc.

   Let me show you some exarnples oE research and development 'which

utUize the CSE methodology. Following three R&D auce such exainples

which asce be±ng carcnied out at JAERI ior prediction oE phenomena by

us±ng the CSE methodology.

 (1) Introduction of New Boron Neutron Capturced Thercapy

   The JRR-4 reseanch reactor at Tokai Research Establ±shment at JAERI

is currently under rceconstruction. In this reconstruct±on r which

±s planRed to be completed in July th±s yearc, a medical treatment systern

forc Boron-Neutron-Captutted-Therapy(BNCT) is to be ±nstaUed.

   By using this system, ±t becomes possible to destroy a tumorc fo]rmed

in the bva±n. WhUe the treatment had been executed by opening the

patient's brain ±n the past, it becomes possible to make the treatment

without opening the pat±ent's bra±n with the util±zation oE neutron

with higher enercgy, thus sharcply reducing the burden on both the

pat±ent and the raed±cal staff. For that purpose, it is necessary to

accurately est±mate the irradiat±on tiirne, etc. Developraent of a

system for estimat±on is curcrently under way by ut±lizing high-speed

computer.

   This may be said to be an example of jo±nt developrnent of new rnedical

technology us±ng nuclearc enercgy and high-speed computer.

 (2) Discovercy of Mechan±sra of Air Bubble Genercation ±n Coolant
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   The Center forc Promotion of Computational Science and

Engineentng(CCSE) at JAERI is prcomoting a study for elucidating the

mechanism of movereent of air bubbles fo]Tned in the cooling water of

a nuclear reactort ±n cooperation with the Central Researcch Institute

of Electric Power Companies. IE we can obta±n accurate knowledge

about the amount of air bubbles, it has a s±gnificant raeaning for the

safiety operation of a reactor.

   '

   This study ±s being promoted by a rnethod of comprising theor±es,

calculations and experiments. It cons±sts ofi d±scovering oi rules of

genercation & movevaent of air bubbles through a long calculation t±me

us±ng cellular autornata on one hand, and bu±ld±ng a theorcetical model

forc the generat±on and comparing the results with experiments on the

otherc hand. This methodology of ttinity is the raost deslrable style

of CSE. If the mechanism be elucidated, it w±ll give us a possibil±ty

of replacing the portion which has so Earc been supported by

experlment by theoret±cal fommulae or calculations.

 (3) New Method Eor Simnlation oE Nuclear Reaction

   Simulation of nuclear reactions such as collis±ons of h±gh

energy particles with other atomLc elernent is one of the most

iieqportant applicat±ons of the methodology of CSE. The nuclear

reactions occur in short t±rae of 10 to -24 power second, and it is

difficult to obsercve details of the phenomena by expGr±ments.

 Forc the purcpose of the s[Lirtuiation, a computational method called

quantum molecular dynamLcs has been developed at JAERI.
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   By using the computat±onal method, we can estimate behavior oi

such atomiLc elernents as caubon-12, carbon-12, copper-63 when thGy

collided with carbon-12, Niobium-63, gold-197, respectively.

6. New Development Plan for Vercy H±gh Speed Computer

  and Its Relat±on with Nucleax Fie±d

   Next, let me touch upon further speeding up of ca2culations and

new developrnent of a vercy high-speed computGr which arce stirred by

requirements in re±at±on with nuclear Gnergy.

   Curcrently avaAable co]nputexs work at high speed, but the±y speed

is not suEficiently fast for calculating detaUed cl Lmate change in

global scale or £or cornposing substances from atomic or molecular level.

In recent years, cond±tions of environmental restr±ctions rnust be

taken into account aiso in the promotion of enexgy deve±opment, and

the relation betwGen nuclear energy and envirorments came to be g]rasped

as a closer one than it was befiore. To advocate superiority of nuclear

energy, it is also necessarcy to quantitat±vely ind±cate the rcelation

with cl±mate changes. For that reason, Japan Atom[Lc Energy Research

Institute (JAERI) started development of a h±gh-speed computesc for

that purpose, ±n cooperation with National Space Development Agency

of Japan (NASDA). Nuclear energy is aga±n act±ng as ±ocomotive foifce

Eor the development of high-speed computer here. The results of this

development wUl prcov±de a gMeat power not only foif the study of climate

changes but also in various tields of reseanch and deve±opment such

as physics, chemistry, materials, physical properties, infiuences of
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radioactiv±ty on l±v±ng beings.

7. Conclud±ng Remarks

   What 1 want to say today is that advanced pioneentng studies of

nuclear energy are led by coimputers and, converseXy, nucleanc energy

also acts as locornotive forcce forc thG developmeRt of corr"putescs, a

possibility that joint worck between the two may psoduce scientific

and technological progress which will be realized in the vercy near

future.

   I shall be happy if this lectuxe helps you to have a gl±mpse of

such facts.

   Thank you fior yourc attention.
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　21世紀の原子力を目指して

一原子力における技術の高度化一

（株）東芝原子力：事業部長　待場浩

1．まえがき

　　原子力における技術開発はABWRの完成により一つの区切りを迎え、今後はABWR

　　を標準としたプラント建設の時代を迎えようとしている。また、これと並行して

　ABW：Rの次の世代の原子炉であるABWR　Rの構築へ向けての技術開発を進めている

　　ところである。ここではまず、ABWRの開発技術についてまとめるとともに、原子

　力における技術の高度化の例として、将来に向けてのABWR　Hの技術開発について述

　べる。次に、今後のプラント建設に対する技術開発動向として、エンジニアリングの

　　高度化を進めておりこの内容について説明する。最後に、運転プラントに対する技術

　　の高度化の例として、自動機器を活用した予防保全技術の開発について紹介する。

2．ABWRの完成と開発技術

　　　世界初のABWRである東京電力柏崎刈羽6号機は1996年11月に、2番目の同7

　　号機は1997年7月に営業運転を開始した。ABWRは世界の軽水炉技術を集大成した

　　ものであり、今後のBW：Rの標準となるものである。

　　ABWRの開発目標は、より一層の信頼性・安全性の向上、運転性・操作性の向上を

　　図り、建設費，運転費の低減により経済性を向上させ、さらに被ばく・放射性廃棄物

　　の低減を羅指すものである。これらの目標を達成するために、ABWRでは、インター

　　ナルポンプ（RIP）、改良型制御棒駆動機構（FMC：RD）、鉄筋コンクリート製格納容

　　器（RCCV）、高度計測制御設備などの多くの優れた新技術を取り入れている。この

　　結果、現在稼働中の柏崎刈羽6号機，7号機は、いつれも当初目標を上回る優れたプ

　　ラント性能を示している。

　　　ABWRには多くの開発技術があるが、その1例として炉心下部プレナム流流速分布

　　解析について紹介する。

　　　ABWRでは出力を増加しているために炉心が大型化されるとともに、インターナル

　　ポンプを採用したため従来のジェットポンププラントに比べて、下鏡形状、炉内構造

　　物が変更されている。このため、炉心下部プレナムの流動状況を把握するために、炉

　　心下部プレナム流流速分布の3次元解析を実施した。これにより、炉内流動状況を把

　　握するとともに炉心下部プレナム構造の健全性を確認した。この手法の妥当性は、NU

　　PECで実施された実証試験により検証されており、また実機における炉内流動振動試

　　験でもその有効性が実証された。

　　　ABWRの完成により技術開発は一つの区切りを迎えたが、既にさらなる技術改良を
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目指した技術開発を進めている。

　次期プラントについては、標準化を阻害しないで適用出来る機器単体の合理化や周

辺設備の合理化を進めている。

　その一例としてFMCRDのマグネットカップリングが挙げられる。これは、駆動部

の基本構成をそのままにして、軸二部にマグネットカップリングを採用しシールレス

化したものである。シール部をなくすことによって軸封部からのリークの可能性がな

くなるため、より一層の信頼性向上を図ることができる。

　さらに将来に目を向けると、ABWRの次の世代のBW：RであるABWR　Hの開発に

向けた技術開発も着々と進められている。現在考えられている新技術としては、大型

化により燃料記数及び制御棒（CR）／制御棒駆動機構（CRD）数の削減を図り燃料取

替時間を短縮した大型燃料、スクラム機能と調整機能を分離することにより簡素化を

図った機能別CRD、静的な安全系により安全性の向上を図りシビアアクシデント時の

除熱を行う静的熱除去系などのほか、大容量逃し安全弁、新型主蒸気隔離弁、静的可

燃性ガス再結合器などが挙げられる。

3．エンジニアリングの高度化

　　　今後のプラント建設をより合理的に進めるためのエンジニアリングの高度化の一つ

　　の施策として、ABWRに関する標準データベースの構築を進めている。これは、情

　報の標準化によるプラント建設の効率化を目指したもので、ABWR建設実績に基づ

　　く標準データベースの作成、情報の構成管理、業務プロセスの標準化・電子化である。

　　　エンジニアリングの高度化の第二の施策として、プラントメーカとベンダーおよび

　電力会社との間での電子的な情報交換を進めている。これは、電子的な形でのタイム

　　リーかっ確実な情報の連携により、プラント建設の効率化を目指したものである。ま

　　た、行政サイドとの間においても、審査の効率化を鼠指して、許認可申請の電子化を

　進める計画もある。

　　　システム的には、プラントメーカ内で作成される設計情報をプラントデータマネジ

　　メントシステム（PDM）により統合し、さらにこの情報を生み出す業務をワークフロ

　　一により管理し、また情報の構成をデータベースにより管理するものとしている。

4．軽水炉時代の長期化を見据えた技術開発

　　　軽水炉時代の長期化に加え、新規立地点の確保が困難になっている状況から、運転

　　プラントの寿命延長を図ることは重要であり、このためには予防保全技術の高度化が

　　必要である。現在、点検・診断技術、炉内の予防保全技術などの技術開発を進めてい

　　るが、一例としてシュラウド取替工法の開発について紹介する。

　　　BWRでは、シュラウドの応力腐食割れが近年国内外の経年プラントで発見され、

　　より耐食性の高い材質のシュラウドに取替える工法の開発が必要とされていた。この
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ため、遠隔操作のシュラウド切断装置、開先加工機、コンパクトで信頼性の高いシュ

ラゥド溶接装置などを主体としたシュラウド取替工法を開発し、その実現化を図った。

　本シュラウド取替工法は、高度の技術を要しながらも、非常にシンプルで信頼性の

高い予防保全技術と言える。この技術を柱として、今後もさらなる技術開発を進めて

いき、原子炉の長期安定運転に貢献していく所存である。
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放射線を使った医療技術はここまで来た

　　　放射線医学総合研究所特別研究員

　　　　　　　　舘野之男

はじめに

　医療技術には、病気を診断するためのものと、病気を治すためのものとがある。

放射線を使った医療技術にも当然このこ二つがあり、どちらの分野も最近、驚くほど

進歩している。今回の講演では、時間の関係で、診断に限って話をした。

1　目に見えるものとしての病気

　病気の特徴的な変化は大抵が体の内部にある。西洋では17世紀頃から、死体を解

剖して見出した所見を基礎にした医学が発達しはじめ、これが現代医学の源流をな

している。

2体の中を透かして見る
　解剖学を基礎にした医学では、病人の体内を、解剖した時と同じように見ること

の出来る手段がほしいところである。しかし、人間が初めてそういう手段を手に入

れたのは、19世紀の末、ドイツの物理学者レントゲンが発見したエックス線によっ

てである。

3　エックス線写真で病気を見る

　とはいえエックス線で可能なのは、割り切って言えば、骨と肉と空気の識別がで

きるだけで、病気が見えるのではない。そこには本質的に越えがたい溝がある。そ

して、その溝を越えようとする努力がその後営々と続けられていて、その成果はエ

ックス線診断学という学問に体系づけられている。

4　造影剤を使う

　エックス線の識別能力を高めるには造影剤を使う。例えば胃を見るには、バリウ

ムというエックス線を通さない物質と、空気というエックス線を通しやすい物質の

二つを造影剤として使う。これが完成したことで、胃の粘膜などは、解剖したとき

と同じように見ることが出来るようになった。

5　「透かして見る」から「割って見る」ヘ

　エックス線で「透かして見る」という方法にはもう一つ大きな欠点がある。人体

のような立体的なものは「透かして見」たのでは、前後が重なってよく分からなく

なってしまうのである。そこで登場したのが「割って見る」技術である。それがCT

である。

6　情報取得手段の多様化

　最近ではさらに、体の申の情報を取るのに、エックス線だけではなく、超音波も
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用いる。また高周波も用いる。MRIといわれている技術がそれで、強い磁場の中に

入れた人体に高周波を照射すると、人体がこだまのように高周波を返してくるのを

利用する。これらによって、様々な生体情報が得られるようになった。

7　「割って見る」から「三次元的に見る」へ

　こうした新しい技術はいずれも、人体を断面図として見せることが多い。しかし、

最近では、立体的にも見せられるようになり、ますます解剖に近くなってきた。

　これについては、幾つか、ビデオを供覧した。

8解剖を超える
　放射線を使った医療技術ではさらに、解剖しても見えない人体内部の活動を、巧

妙な方法で見えるようにしたものがある。講演：では、体内でのブドウ糖の使われ方

を示したものと、脳内の神経伝達系の活働を示したものとを供覧した。

9　おわりに
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Vpaiqese Russian Technogogies Related to NucXear Energy

       (Sergay 2 ykov, Deputy drecutive Director

 ofinternational Science and 712chnology CenteL Moseowf

Enfluence ofNuclear IndNstg'y on the Other Branches ofRNssian Ecenomy.

  Due to the historical peeuliarities of our country development, the creation of nuclear industry was

first of all linked to the development of nuclear weapons. Under the extremely hard economlc conditions

immediately after the end of the secoxd world war the large scale activities were started aimed oR the

emerging ofcompletely new industry braRch startiRg practically frora zero leve}.

  The priority of such politlcal incentives as willing to obtain new type of weapons may, perhaps, be

unattractive from the panhuman point of view, but now I want to step apart from jnitial motivations and

to analyze the situationjust from tke ecoRomical point ofview.

  The science, fbrmerly always suffering from the lack of funds and supported mainly by the rich

sponsors and minor government support of universities, suddenly fbund itself ln the unique situation

wkere at its disposal appeared significant material resources aRd the almost unlimited support was

granted from the upper political level.

  Unfbrtunately, the recognition of the science's ability to be a real source of economical prosperity by

itsela came to maifi business organizations much later than unique power of science was recognized by

politieiaRs. Thus, first real significant investmeRts 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 poteRtiai capable of self

sustainingdevelopmentand extremelyusefu1fbrother,non-nuclearapplications.

  The most impressive examples of such deve!opments may be the emerging of computer technologies

initially oriefited just on solviRg weapoR desigR problems. Now it is impossible even to imaging the

everyday life of any ordiRary citizen wlthout computers or at least calculators. The other example was

the necessity of creating iRdustry capable of preducing adequate measurement and control
instrumentation. This led to the development ofvacuum and semiconductor technologies that fbrmed the

basis for the further commercial applications resulted in the modern boom in industrial and home

teievision, electronics, etc. The need for new chemical processes involviRg ullusual aggressive afid

exotic media gave a rise to the material science. Even such branches as medicine and geology, mining

and coRstruction were greatly infiuenced by the "forced" progress iR nuclear industry.

  Even the electricity power productioR oR nuclear plants itself was essentially the "byproduct" of

plutonium productioR both in Russia aRd US. In this area we even have a sort of a paradox because in

case if nuclear reactors would be designed initially fbr the purpose of power production the final

concepts migkt be with high probability very different from the standard coRtemporary designs. In

particular, the urafiium-thorium fuel cycle have in maity cases serious advantages iR comparison with

present uranium-plutonium standard inheri£ed fi'om the weapon era.

  After the impressive demonstratioR ofefficiency of serious iRvestments in science its power became

evideRt already for wide business circles and fbr politicians already without any connection to the initial

defense tasks. Thus, the nuclear industry became tke "birth point" fbr maRy sciefltific technoiogical aRd

industrial applicatioRs that are Row stand firmly on tkeir owR feet and their Ruclear origin not so obvious.
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']lrke ExaEgRples ef Nacgear ReEated [ifechitoleg}es IitaplerrxReitted in R]F.

  In Russia all Ruclear related technologies were iRitially developed in frame' of Minatom structure (the

previous name ofthe Agency was Ministry of"middle machine buildiRg"). All activities in this branch of

industry vvere completely funded by the state budget. The majority of supporting infrastructure was

also incorporated into the Ministry.

  Tke number of different technologies developed in frame of Mlnatom activities is too large eveR for

simple listiRg of them. I would like just to describe few of them. Some of the techRologies will be

illustrated by video materials prepared at the marketing ofl}ce of Minatom, the others will be just

meRtioned.

  Russian Federation was the pioReering state in the development of nuclear powered fleet. The

geographical layout of Russia made it extremely important to have the possibility of using Arctic OceaR

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 Ratural continuation of the Ruclear fieet developmeRt

was the emerging ofthe concept of fioating nuclear power units for energy supply at the remote locations

wkere the coRstructioR infirastr¥cture 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 techRologies. The way of superconductivity utilization from pure laboratory

applications to large scale iitdustrial implementation was defined at initial steps by the Recessity of

production of high power magnets for particle accelerators. The majority of technological developments

iR this area in Russia are now concentrated in the Institute of IRorganic Materials named after

academician Bockvar. This is the leading MiRatom Institute dealing also with fissioR material
technologies and waste disposal schemes.

  One of tke important civilian outputs from the military branck ofR#clear energy research became the

development of precise explosive techRologies. Now the specialists from RussiaR military research

centers (Sarov and Snezkinsk) are capable of providiRg services iR such unique areas as explosive

destruction of outdated buildings, reinforced concrete basements; precise cuttiRg of large metal

constructioRs (ships, submarines) by tke so-called "cord-explosive" technology; edective borehole

drilling with explosive perfbrators, etc.

  DevelopmeRt of complicated chemical processing plants besides other innovatioRs required
application of differept filtration procedgres, sometimes iR a very uRusual conditions. One of the res#lts

of such motivated research was the creatiefi as a separate task productioR ofa variety of filter materials

aRd devices. This materials iRclude the range from the fabric filters fbr personnel protection against dust

aRd aerosols up to ceramic filters fbr aggressive media and Rano-filters based on particle induced micro-

holes in differeRt thin films.

  The selfLsustaiRing production bruRch is now the manufacturiRg of radioactive sogrces fbr the large

raRge of scientific, technical and medicine applications.

ESTC andi mew techptologies.

  Global ckaRges iR the former Soviet Union led to the qualitatively Rew situation in the funding

coRditions iR scientific organizations. The govemmental programs of scientific developmeRt were

dramatically reduced and a large twmber of scientists, first of all in defense oriented research

establishments experienced sharp reduction of governmental funding. At the same time the development

of private busiRess in CIS had not reached the poiRt wheR corporations are able to develop long term

scieRtific prograry}s driven by potentlal commercial interest.

  The potential risk of "brain drain" of the scientific aRd technical specialists from the defefise related

areas was the major rr}otivation fbr establishiRg ln Moscow of Interaational Science and Technology

Center (ISTC). Tke CeRter was established in l992 by signiRg the intergovernmeRtal Agreement by

initial Parties: European Atomic Energy Communlty aRd European EcoAomic Community3 Japan,
Rgssian Federatiofl and United States.
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  The main goal of the

science and teckilology

instittitions and facilities

and Georgia.

ISTC as defiRed in AgreemeRt is to develop, approve, finance, and moRitor

prejects for peaceful purposes, which are to be canied out primarily at

located in the Russian Federation aRd, if iRterested, in other states ef the CIS

The objectives ofthe Center shall be:

  e To glve weapoRs scientists and engiReers, particularly those who possess knowledge aRd skills

     related to weapons of raass destruction or missile delivery systems, in the RussiaR Federation

     and, if interested, in other states of the CIS and Georgla, opportunities to redlrect their taleRts to

     peacefu1 activities;

  e To contribute tkereby through its prejects and activities: to the so}utioR of national or

     iRternational techRical problems; and to the wider goals of reinfbrciRg the transition to market-

     based economies responsive to civil needs, of supporting baslc and applied research and

     technology developmeRt, inter alia, in the fields ofenvironmeRta! protection, energy production,

     and fiuclear safety, aRd of promoting the further integration of scientists of the states of the CIS

     aRd Georgia into tke internatioRal scieRtific comm"nity.

  Now, on the sixth year of its existeRce and after almost five years of actual operations, ISTC is a

mature intemational organization with "Rique experieRce iR managiRg R&D prQjects iR CIS couRtries.

The Center supported prejects eajoy tax-free status withiR CIS and kave exemption from customs fees.

More than 28e CIS institutions and about 17000 specialists participate now in ISTC prejects at different

levels. The overall funding has reached $16eM aRd the number ofsupported prejects exceeds 540.

  Among uAique features ofISTC prejects are direct payments to individual preject participants, fu11

traRsparency of aRy preject activities even at the closed sites within Minatom. During past years ISTC

involved as funding Parties Sweden, Fiitland (now acting within EuropeaR g#ion), Norway, aftd Republic

of Korea (ftow fifiishing accession proced"res). CIS countries participatiRg iR ISTC prejects Row iRclude

besides Rgssia also Kazakhstan, Belorussia, Kyrgyzstan, ArmeRia and Georgia.

  Initialiy ISTC was completely relying on funding from governmental sources, but now the Center is

actively developing Partner program aimed on the attraction of private aRd other funds from entities

interested in establishing busiRess reiations with CIS couRtries. In case ofprejects coRsistency with ISTC

goals aRd objectives the Center may provide Partners with its ttftique infrastructure adjusted to the

specific local conditions of CIS and that have proved its efficiency during more thaR four years of active

operakoRs.

  The completed ISTC prejects (Rcw it is about 40 of them) give an examples of successfu1
development of new technologies iR the areas of environmental meRitoring and remediation, safety of

nuclear reactors, production of stable isotopes and others. At present stage ISTC may be considered as

almost idealiy acljusted iRfrastructgre iR CIS for the promotioR of interaational R&D works at the pre-

commercialization stage.
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生命の起源および進化における放射線の役割

赤星　光彦　　（京都大学原子炉実験所）

1）はじめに

　およそ45億年とされている地球の歴史の中で、私たちが何らかのかたちで生命の痕跡

を見出すことが出来るのは、今からさかのぼって約35億年迄である。それ以前の約10

億年の問については生命体は存在しなかったと考えられる。しかし、例え生命体が存在し

なかったと言っても、その問、地球は決して静的な状態を保っていたわけではない。そこ

では生命の発生を準備するための様々な過程が止まることなく進行していたと考えられ

る。地殻内での諸々の変動や地表における風化作用、そして熱や放電や放射エネルギーに

よる無機物質の変化、有機物質の生成およびその高次化等がそれである。こうした様々な

過程を私たちは化学進化と呼ぶ。進化が単なる変化でないのは、その物質変化がその場限

りの偶然の所産ではなく、一つの原因がある結果を生み、その結果が次には原因となって

さらに新たなる結果を作り出すと言った具合に、…定の道筋に沿って行われるからであ

る。従って、化学進化は必然の過程であり、その行き着くところに生命の起源がある。そ

してまた、後に生物がたどった一連の進化の過程や社会発展の過程も、ともに必然の過程

としてその莚長線上にあると考えることが出来る。

　1830年から1859年にかけての3つの偉大な発見（シュバンとシュライデンによ

る細胞説、ヘルムホルツによるエネルギー保存・転化則，ダーウィンによる進化説〉を基

にして、化学進化から生命の起源・進化に至る道筋を科学的空想の段階でみごとに予見し

たのはE㎎elsであった（1873～！883）。　Pasteurによって生物は決して自然には発生しな

いこと（自然発生説の否定（1862））が立証された僅か十数年後に、新たなかたちでの自然

発生を予見したこの思想家の洞察力には驚くほかはない。この問題に対する自然科学者側

からの取り組みはそれから約50年後の事となる。すなわち、コアセルベートに関する実

証的研究を踏まえつつ、より克明なかたちでその道筋を提示したのはOparin（1938）で

あった。さてOpa血の唱える原始細胞が陽の目を見るためには原始細胞を構成する様々

な分子が原始地球上で生成し，濃縮していく過程が実証されなければならない。すなわ

ち、生命体が出現する以前に、この地球上では無機物の世界から有機物の世界への変換が

生起したことを実験的に確かめなければならないのである。

IV－7－1



2）ミラーの実験とその意義

　Opa血の提起後四半世紀を経て、　M皿erが初めてこれに取り組むことになる。当時は大

学院生であったM皿erは教授であるUreyの考えに従い、当時は地球の原始大気と考えら

れていたメタン、水、アンモニア、水素の気体中の放電により、各種の有機酸やアミノ酸

が合成されることを報告した（ユ953）（図ユ、2及び表1）．Mi恥rの実験の卓越したと

ころは、彼が化学者であり、化学反応が平衡関係を基礎として成り立つことを当然のこと

として受け入れることが出来た点に由来する。演者等の年代はMiUerの仕事が発表された

およそ15年後にようやく自分で選んだ自分の研究に没頭出来る身分を得た階層である。

演者自身は生物に対する放射線の作用を一生の課題として取り組．んできた者であるが、放

射線に限らずおよそエネルギーと云うものはそれを受けた相手を破壊するもの（複雑系⇒

単純系、高分子⇒低分子）だと云う定式化された観念にとらわれすぎて、まさか互いの濃

度によっては逆の反応が進行することなど考えも及ばなかったのである。　〈ミラーの実験

では、アミノ酸や有機酸等の放電による反応生成物は反応容器内を循環した後、冷却され

てトラップされる様に設計されている。すなわち反応容器中には常に原材料物質しか存在

しないので全体としての反応は一方的にしか進まない）。
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表1　C｝｛4，醤H3，｝｛20とH2の混合物の放

　　電からの収串：710鵬gの炭素をC｝｛4

　　の形で与えた

化　合物
収　率

［m◎1×10s】

グリシン

グリコール酸

ザルコシソ

アラニソ

乳　酸

N一段チルァラニソ

α一アミノーπ一酪酸

α一アミノイソ醗i酸

rオキシ酪酸

β一アラニソ

コハク酸

アスパラギン酸

グルタミン酸

イミノジ酢酸

イミノァセトプロピオソ酸

ギ　酸

酢　酸

ブ騨ピオソ酸

素　素

N一メチル録素

　
　
　
　
　
　
　
1

63

T6

T
3
4
3
1
1
5
0
5
1
5
4

」
4
戸
O
F
◎
5

0
0
5
1

233

15

13

2．0

1．5

3）化学進化に利用されたエネルギー源～電離放射線の意義～

　ミラーとユーリイによる先駆的な実験が出されて以後、化学進化と生命の起源に関する

数多くの実証的研究が行われる様になってきた。これらの研究においては主として放電、

電磁波、衝撃波、超音波、紫外線等がエネルギー源として用いられている。これらのエネ

ルギーは宇宙空間や地球内外を通して普遍的に存在するものである（表2＆3）。このう

ち、強エネルギー紫外線は原始地球大気の表層部において、また低エネルギー紫外線は原

始海洋にまで到達してそれらの場における化学反応に重要な役割を果たしたであろう。一

方、原始地球表面においては、放電や火山からの熱によって様々な化学反応が進行したも

のと考えられる。事実、Miller以降の実験において際立っているのは、　FQxとH：εぽada等

によるアミノ酸、蛋白様物質の無生物的合成の研究とPOmamperurna等による核酸関連

物質の無生物的合成に関する研究であろう。前者は熱を後者は紫外線をこれらの研究に主

として用いた。放電や熱、紫外線が用いられたのは、これらのエネルギーが原始地球上に

大量に存在したと考えられたからであるが、同時にこれらのエネルギーが何処の実験室に
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表2初期化学進化にとって可能なエネルギー源 表3翼在の地球上に儀給されるエネルギー

源
エネルギー
地球褻薗の平均
　［102。cal／y］

太陽からの全鼻ネルギー

49Kの崩壌（現在）

40Kの崩壌　（2．6×10岱年前）

紫外縁照射，150㎜以下（1500A）

紫外縁照射・，2◎◎n思以下（2000A）

火山活動（1000。Cの溶岩から）

いん石爾突

雷

　　　0。3

　　　工．2

　　　0．08

　　　4．5

　　　0．O壌
おそらく0．b5

　　　0．05

放
放
火
宇

λ＜250斑μ

えく20◎

＜150

射

宙

電
能
山
線

cal！c㎡年×10・19

132，◎00

　3◎0

　　45

　　1．8

　　2．1層

　　0．4

　　◎．07

　　0．GOO8

おいても手軽に組み立てられ、利用できるものであることが大きい。これに反して電離放

射線は設備や維持に莫大な経費がかかるので、何処の実験室でも自由に使えるものではな

い。しかしながら、実験室においてシミュレーションを行うにあたって放射線の利用ほど

便利なものはない。それは放射線の場合、系に吸収されたエネルギーの評価が容易であ

り、さらに反応結果を解析する手法（G－value，平均致死線量等）が確立しているからで

ある。また、興味あることに、化学進化の実験において熱や放電をかけたのと同じ様な系

に放射線をかけた場合には、反応生成物の質と量においてほぼ同様な結果が得られること

が立証されている（表4）。

　　　　　　　　　　　　　　表4　シリカ存在下国熱により，および放電により合

　　　　　　　　　　　　　　　　成されたアミノ酸の組成？

熱　合　成 放電合成

アミノ酸 石英砂
（950。C）

［％］

シリカゲルシリカゲル
（9500C）　　　（10500C）

　［％］　　　［％］

火花放電竹無声：放電竹

　［％】　　［％］

アスパラギン酸

トレ湾口ン

セリソ

グルタミソ酸

プロリソ

グリシン

アラニン

バリソ

ア質イソロイシン

イソロイシン

ロイシソ

チβシソ

フェ．ニルアラエン

α一アミノ酪酸

β一アラニソ

ザル潔シン

N一メチルアラニン

3．4

0．9

2．0

4。8

2．3

60，3

18。0

2．3

G。3

1．1

2．4

0．8

◎．8

0．6

？鴛↑

2．5

0．6

1．9

3．1

1．5

68．8

16．9

1．2

0．3

0．7

1．5

0．4

0．6

？憎

瀦
鎚
麗
禦
罷
姻
盤
爺

3
一
一
洛
一
3
護
一

〇
　
　
〇
　
鉛
解

一

一

一
沿
ユ
’
0
’
8

　
4
斡
2
4
0

　
　
1

αユ

♂
V
岨
超
一
【
一
一

一
β
3
9
6
海

0
2
4
＾
6

　
　
4

曾塊1基監アミノ酸ほ十分調べられていないのでこの表には記載しない．加熱反応生産物に

　ついてのいくつかの分祈はリシン・（オルニチン）とアルギニンに相当するピークを示し

　た．
質　M瀧er（1955）の結果より計算し直1した．

揃βのテ夢中ジのピークはつぎの別の未同定のピークと区別できない．
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　さて、どの様なエネルギーがどの様な反応に寄与するかを考察するにあたって最も大切

なことは、その存在量ではなく、与えられたエネルギーが如何に特異的な場所において特

異的な反応に寄与するかである。電離放射線は疑いもなく原始地球上に大量に存在し、化

学進化や生命の起源にとって重要な各種の有機分子の合成に役だったと考えられる。ま

た、ひとたび生命体が地球上に出現するや、突然変異を通してプレカンプリア紀に見られ

たようなより早い生物の拡散にも役立ったであろう。しかしながら、電離放射線は実験を

行う上での制約が強かったため、その生命の起源と化学進化における役劇を実証するため

の研究はこれまで殆ど行われなかった。近年、内外に各種の放射線発生並びに利用施設が

充実されるに従って生命の起源・進化におけるその重要性を立証する研究が行われるよう

になってきた。本国際会議はこのような背景を受け、最近、集積されつつあるデーターを

整理すると共に、化学進化・生命の起源における放射線の役割を再評価し、放射線反応の

局在性と特異性に着眼した新しい研究方向を開くことを目的として、世界でも初めて計画

されたもので、誠に時宜にかなった試みであると云うことが出来る。

4）放射線反応の局在性と特異性

原始地球上における電離放射線源としては太陽からの紫外線を除くと、宇宙線と地殻由

来のものとに大きく分けることが出来る。両放射線エネルギーの量は地球の生成直後は別

として、安定に達した頃以降、すなわち化学進化や生命の発生および進化の過程が進行す

るであろう頃には今日とそれほど大きくは変わらなかったと考えられている。このうち、

地殻由来の放射能（40K，87Rb，アクチニウム系列の諸核種等）は土壌近辺に存在し、その

周辺にのみエネルギーを供給することになるので、宇宙線等に比べるとはるかに局在性が

高い。また、宇宙線由来の放射線の場合でも、例えば速中性子が空中や水中を通り抜ける

過程で減速され、熱中性子となって土壌申の各種の元素に吸収された後に発生する放射線

や反跳原子核の寄与を想定するならば極めて局在性が高いものとなる。その雑な事例につ

いては既に演者等が30Si（n，γ）31Si反応によって得た31Si核のβ壊変によって生じた反跳

31P核による燐酸化合物類の合成や32P核のβ壊変によって生じた反跳32S核によるシステ

インの合成によって、生起し得ることを実証している（図3）。一方、他種のエネルギー

にはみられない放射線だけの特異性と云うことになると、β一壊変を含む弱い相互作用に

おいてはパリティが保存されないと言う現象をあげなければならない。このことが

Pasteurの「宇宙は本質的に非対称であり、生物を構成する分子の非対称は地球上に存在

する何らかの非対称の反映である」との予見を説明する可能性を提起するからである。そ

れには以下に説明する二つの可能性がある。すなわち、弱い相互作用とは原子の中で電子

と陽子、中性子の間で働く力であり、Weinberg，　Salam＆Glashowの統一理論によれ
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図3　原始地球上におけるリソ酸化の模型図

ば、これには弱荷電カレント（W相互作用〉と弱中性カレント（Z相互作用）の二種類があ

る。原子核がβ一壊変する時にはW相互作用が働く結果、放出された電子は左巻きに偏極

ずる事になる（：Lee＆Yang（1956）およびWu（1957））。偏極した電子と鏡対称の分子構造

（従って、電子構造）をもつ左右異性分子間の相互作用において、何らかの違いを見出す

ための努力がこれまでも続けられてきた。一方、Z相互作用が原子の中で働いていること

はCERNの加速器を用いて中性ボソンzo粒子の存在が確認されることによって証明された

（1983）。電子が原子核に近ずくとZ相互作用により僅かに右巻きの螺旋軌道をとるように

なる。すなわち、D型分子とL型分子ではこの電子の存在によって、鏡対称ではなくなる

ことになる。この結果、両異性分子自身の持つエネルギーや安定性も僅かながら異なるこ

とになる。両分子間に存在するこの差が化学進化の長い歴史の間に拡大・増幅され、今日

の生物世界に見られる非対称の原因となったと考える。

5）本国際会議の成果

　以上、おおざっぱな解説ではあったが、今回の国際会議の必要性と意義についてはご理

解頂けたものと思う。終わりにあたり、本会議によって得られた成果を以下に列記する。

イ）原始地球上における化学進化及び生物進化の過程において電離放射線の果たす役割
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　　の重要性が認識された。

ロ）電離放射線の原始地球上および宇宙空間における局在性とそれによる化学反応の特

　　異性が重要であるとの認識が喚起された。

ハ）原始地球上および宇宙空間における電離放射線量と線量分布等に関する新しい評価

　　が提出され、局在する場において放射線が果たす化学反応に対する寄与に関する展

　　望が開かれた。

二）原始地球に近い環境であることが知られている土星の衛星であるタイタン大気中で

　　現実に引き起こされている化学変化や宇宙ステーション「ミール」中で採集された水

　　中に含まれていたアミノ酸等に関する新しい知見が数多く報告され、注目を引いた。

ホ）　「弱い相互作用におけるパリティ非保存」と生体分子のホモキラリテイとの関連を類

　　推する上での幾つかの新しい理論が展開された。またこれを立証するための幾つか

　　の実験結果が報告された。さらに、近年、内外での各種の高エネルギー高粒子線密

　　度加速器の建設に関連して、偏極したベータ線を照射する技術の開発が進行しつつ

　　ある点に鑑み、如何にして上記仮説を立証するかについての、問題提起がなされ

　　た。

へ）生物の進化に対する放射線の役割についても大いに議論がなされた。ネオダーウイ

　　ニズムの立場からは生物に固有の複製ミスによって、進化は充分に説明されること

　　になるが、別の立場からすると複製ミスが起きるためには放射線等によってDNAが

　　損傷を受けることが必要であり、生物固有の複製ミスを起こす能力は放射線や環境

　　変化に対する一種の適応現象であることになる。45億年の長きに渡って、地球上

　　に存在し続けてきた微弱な放射線の作用を取り除いた環境をモデルとした実験を行

　　うのは不可能なことなので、提起された問題が早急に解決されることはあり得ない

　　と考えられる。今後とも放射線生物学、遺伝学、進化学等の立場から積極的な問題

　　提起と議論を進めることが必要であろう。

ト）生物学から化学、物理学、天文学等々の広い領域に渡る専門家が一堂に会し、しか

　　も全員が抜け落ちることなく最後まで熱心な討論を行うことが出来たことが最大の

　　収穫であった。それは互いの知識を深めあい、また個々人にあっては予想もしな

　　かった新しい考え方を自分の研究に導入する契機を得る上で、極めて重要な役割を

　　果たした。
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畠卿’一鼎櫛…“一”舗…一輸層聯鴨『“醐繍軸．儒騨偏’一昂……一…。…一………一一…一一一一…＿．。．＿＿＿。。．．．，

鱒oo一一軸蝋一単一一一一一駒鴨＿＿＿幅＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　隅一。陶輌●謄鱒需噂一隔一。一。順一働繍の噛一脚輌馳哺輯櫛一聯齢騨陶禍＿軸罰脚繭＿＿。＿＿輪＿＿
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　繭鱒働伺齢扁網一噛●

頓一齢輌傭齢騨…．…轡一．一騨一朧営，醐…の鞭一一。一一一一一一一一。一一一一一一一一一一一一一一一＿一＿一一一一＿＿一一＿一一＿＿
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　「一騨，階葡一働一営層

一一一卿一鴫嗣一一幽噂葡顧軸頓葡一鱒一揖輔。構卿輔“脚囎爾繍舶＿輪騨鱒葡＿＿
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　“騨葡嗣鞭顧一齢鱒一働騨鼎一輯一聯聯脚一一一騎一一一一一。一一一一一鞠一一一＿＿＿＿輸一＿＿＿軸融＿．

獅階軸鞘…一“陶…輸闇騙備一一鱒御”“一’“鞠旛鎖一一一一一一一一一一一一一一一一一一一一一。一一一一一一一。．一．．。．．一＿＿一．．一一．一．．一．＿．

”一一噺’．　偏齢鵜一論一喝篇鞠轍…一…鱒．．嶋．一一一一。一一一一一一一一一一一一一一一一一一一一一．＿．一．一．一。．一一一．一．．。一．一一．．．＿

’噛鱒．一鞘一一｝”一’一闇’嚇一“一繭…“脚……一……一一一一一一…一…一一一一一一一一一一一．．．，，一一．．＿．＿，．一。．．一＿

｛’…一印鱒鞠需醐謄一“吻繭…夢騨鞘一騨鞠…一一一一一一一一一一一一一一一一一一一一一一一一一」二．＿．．．一一＿．．．＿一．．＿．一＿．一＿

一一襯●・一鞠緬一剛一一御．＿顧舳　　　　　　　　　　　　　　轍一鱒騨繭葡輌“髄繍昌鱒職廟輯庸一鶴＿襯一鞠緬＿嚇　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　鱒輸旛葡”鱒鱒輌一一輸一“輔騨唱r鱒一一一一一一一一襯一一一一＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿

幽嶋臓師一騨巳槽聯一職一嫡＿輌＿　　　　　　　　　　　　　　…轍一購…噛…階嘲h“軸一一一儒一葡一欄一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一＿一一一一一一一一＿

齢輪一蘭一脚一聯一“騨＿＿　　　　　　　　　　　　儒髄一働一一一一韓脚＿＿噂＿塵　　　　　　　　　　　　　　　　　　　　　　　　　　　一騎齢一“の一｝騨一聯一鱒需脚脚嶋騨騨胴一一一一一一一一一一一一一一一一一一＿＿＿＿＿＿＿＿＿齢＿＿＿＿一＿一

一舳騨鴨輪r口欄，一騨帽輸葡，O聯●●　　　　　　　　　　　　　輌一一卿伽一嶋。脚一帯偏噂一卿轍瞬哺一韓一轍。，一輔鞠鱒日鞠一廟一扁膳廓聯＿嚇
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　驕囎。騎學鱒噂騨騨謄一隔一葡一●韓楠脚一鼎一働鯖糟扁藺噺＿骨＿旛卿昌一

鞘鱒’瞬欄一齢．．燭鼎鰯備嶋一“一鱒繭一一“一．襯一“”…一……一一一一一一…一…一……＿．一＿＿．＿＿＿＿．．＿一

帥蝋Q鱒鱒一一賄一＿＿軸　　　　　　　　　　　　　　　　　　　　簡一“葡』．繭齢楠畠哺亀　隔騨篇働“0“噸一一一一一一一一一一一一一一一一一一一一一一一．一．。一．．一．一．＿．．．．．．．…

’
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麗響躍ゆ

1一…篇開開肺師叩閣騨凹鮪剛鮪闘騨開’師齢湘卿一闘鱒囎軸賄輪輔幽一…一一一一。…＿＿＿＿．＿＿

一一一一鼎一一一一耐一。価鱒一一一一一一一一齢一一一一一一一櫓一一一q一＿＿胴一＿欄欄　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一鱒軸蝋開冒靴一一一＿＿嚇脚

’一帥鞠鱒嚇鱒脚鱒賄鱒鱒顧一層蝋一帥一齢一一髄句蝋輔魑鱒噂輔鮪齢舶輔鮪一鱒。開昌鮪。鱒麟蝋一篇一一一一一一＿．．＿哺＿

19営一曹騨囎帥一瞭叩，鱒騨開一鱒騨騨曽騨騨一鱒階”鱒帥鱒僧轍疇騨一鱒一叩脚騨一湘即師鯛輯鱒一一一一一一一哺一一一＿＿騨＿

，ρロー欄一馴一職一一囎騎一騨薗一僧口韓輯轍櫛膳齢一顧嚇一脚椰一舶儒一篇脚儒桶齢脚禰儒”鱒一轍騨鱗一一鱒顧學一輌騨囎騨“営脚構一一謄哺一ロー一一駒“一鱒麟帥一隠一一酋一頓＿＿嚇＿

，鞭齢一一欄顧囎騨口鱒一綱騨口騨喩鴨篇齢偏薦鴨轄齢願彌輪齢顧一謄謄一一6脚謄一齢。の齢酷響属営葡輯一鱒一輪闇贈一胴一顯鞘畠韓価一働一一篇脚鴎伽畠一一鱒騨一噌一輸唱一一鰭一一一噂鋤

匹顧。薗幽齢一轄一一艦一一一一飼囎輪聯轍一一一馴鞘禰一顧一嶋偶ロー哨一一一一〇一一葡騨価一一齢n廟一嶋輯印齢馳一鱒鱒鮪鱒購齢晒網“陶一口繭騎一〇輯櫛鞠。畠鞘卿“桶胴購篇一一一緬輸

P一一一一一一■■一一一一一一一一一一一，齢ロー■●一一騨胴一顧一郁一一騨一騨廉一曹樽齢一韓，胴一の一，，聯卿一一一聯一鞭の一偶扁繭卿御鞘一麟脚。幽髄。一，四齢一，P嘲㌍一一一噌一一

1一一「一一一脚一一一一伽鱒一一一曜輯嚇骨再噂嬬一鱒囎葡購醐一一憐一一〇一の一の一齢哺鵬一輯の胴一〇翻■謄一椰騨一購騨刷凹一〇騨廉葡鱒営営繭齢働職一一一〇の一一一一幽讐齢輯幽鵯輌櫛

，一聯一一欄噸一一一一一聯。の醐哨一鰯の囎鱒醐贈謄鱒一繭一一儒齢御騰6●葡一■嚇葡醐一一晒一爵鱒一営鱒層一一騰騨一一哺脚齢聯備“編儒囎輌輪“一一顧咽軸鱒騨硝一一一〇閏一の一一働一一轍齢

Dロー葡〇一麟騨離●●，齢騨働鯖庸繭伽働鄭葡槻軸一齢繍価一の一一麟一一一一餉一一齢一縄一隔一一勲。馳偏備一御脚吻韓髄輪。一一繭鱒輸輪一嚇一一一一麟。一一一一繭編一一一齢一一一一一n層

一齢一騨一響一一一口脚鱒鱒御一騨一一一葡一一一一一一騨一岬薗鱒繍齢一一一“一刷一騨一一一一〇噛一卿伽卿の齢，騨騨一一一一噸騨一陶騨一，一襯一一一階一一謄脚一鱒噌一一一ロー｝一一一騨

隔　’一隅“鱒幽髄噛膚一，一嗣晶一嶋■9一鱒麟騨騨鱒一欄購“聯一の噸幽●●鱒騨聯嚇轄一鞘隔伽齢轍鱒噛輪一一脚鱒聯哺。備鱒一一一一一一畠一一一一齢鱒僻購鵯廓一一囎轍葡一一漏庸一一齢齢一〇

哨一輸師鮪需刷一一儒隔脚幽繭脚儒齢一一崩一一一隅一偶順鴨”騨鶴麟一一舳隔一繭鱒幽一働欄騨“鱒鼎鱒帥一一輯聯一m一一一ロー一胴齢鵬一一一一一盧鼎一〇鰯一一囎輔＿＿襯一一鱒輯〇一

國唱■叩鱒鱒葡鱒馳韻鱒騨齢。鱒鮪鱒舶一一一騨一一脚一一一一一齢一一一一一〇一一一顧一一＿＿鱒幅一＿＿＿＿＿轍欄

卿需鱒齢一一開騨昌昌騨静騨闘鞠一一一一一一一一騨一一一一昌一一一鞘一一一一一，一一一一一一騨一一一＿＿一＿＿綿＿o脚＿＿＿＿＿＿＿

順廟騨即静一儲一一鱒師一鳳聯闘鱒鱒騨鮪叩薗一一一輔陶一鴨一一朝層一一一一一櫛一胃口ロー嚇一一＿＿＿旛一一＿輪一＿一聯鴨＿一一哺

・開助一鱒開開。佃顧嬬口帥口嗣騨鱒曲顧一臨一騨一扁一輌一一儒輌一一自椰一一一一一樽騨一儒＿＿一＿一＿＿＿q＿緬＿＿印

噂輪肺騨一師鱒錦鱒鱒鱒馳馳喝鱒陶嚇q…一……“一一齢…………一……騨＿＿＿＿階。＿＿＿＿q一．＿齢



醗諺灘潅の

昌輔の一一一闘＿＿　　　　　　　　　　　　　……………………一…一一一一＿＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　騎噛鞘

酬咄湘剛輯醐一一…一…＿．＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　軸開鱒…ロ…一……．．＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　…鮪…噸開一叫一一一一一一一．．．

………㎜鴫……n…｝一一一一一一一一＿

…’…　……………一一一一一一一一一＿＿＿＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　哺蜘｝鞠

鱒顛m“鱒湘…一一一一一…一＿＿＿一．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一噸淵賄艦輯…一一…一一…＿＿．．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一藺一〇鴨

……騨………………一…一一一一一一一＿…＿＿
輌．．轄艦一…●崩陶邑一〇桶個．庸一端轄鞠謄一鵜葡一。一顧・側隔一鞘一一一一一一一輪一一一一一一一一一一＿＿＿＿＿＿＿．麟＿＿＿駒＿＿一＿＿＿＿繭

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　帥需蜘舳鞠…一一＿閣

’鱒川鱒騨叩噛…一…一………＿＿．＿一＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　噸剛川騨叩一一一…一＿一＿．

禰師騨哺蝋鱒齢………一一一＿＿一＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　…………q鳳…“葡一……一一…一一一＿＿＿．．

椰………………師……一一一一一一一＿＿＿＿＿

一…………………一…一…一一一一一＿．＿＿＿＿一＿＿

…………………一一一一一…＿一一＿＿＿＿＿，…

’鴨一……………一一一一一…一＿＿＿…＿＿＿

…儲………………旧一一一一一一一＿＿＿＿一＿＿＿＿

顧禍軸一一一胸＿　　　　　　　　　　　　　鱒軸鱒鱒嚇鱒………。＿＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　帥鱒軸鱗賄鱒軸……一一・一一……．＿＿＿．一一．

開騨師舳叫一一一一一一一＿＿．．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　騨騨叩一。噛……一一……＿＿＿　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一鱒讐開一一一＿一＿一

…………噸………一一一一…一一＿一＿＿＿一＿＿

………榔…幽一一一一…一一＿＿＿一＿＿

の………………一一一一一＿……一一臨＿一
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Se$sion 3: `℃uel Cyale in Long-term View"

           To$hiaki Enomoto
                 Di rector,
Deputy Executive Geme:al Manager

      'NLuilear Power Divisioxx &

     EngineembgR&D Divsion
   Tokyo IEllecmie Power Comp any

meaxRen.risi 'Igg'''u,o. -- "rl.
  A}though the situation $unoxmdmg nuclear pewer generatiua js cmalcult bodlay,
povgrer generation Nvitili light water reactors has advanced very $uoce$sfully in the past

soveral years in spite of some llrkiox tmul)les, andi thaier capactty factoxhos enceeded 80%

for the last 3 years. Oui' light watxbr irea¢tor$ has?'e bam developea tlrrough a pxocess of

intmoduwh g US ted}mdiogy,.{i{exraloping it into our owri tedL>nalog}T and adyandwg it

fturtlie)r witli inipwwefttien'ts axicl standtardizatiQn. I belleve we may be able tQ say the

mbology is riew stabilized ana reachiig a stage ef matu tty.

 Our cowntxy is a niixior powe)r in temes of xe$ouxves, and the preservation of energy

secrLnity or capaalty o£ $e()/whig enstrgy cfBece$sE[ey qctEmt±ty at equimbIe prtces ha$ beeu

our eEuriest wiwh for long tinie. Since nudiear energy "ras coinidered a$ a mean$ "ath a

high potentiE[t af fiilffiling tl)i$ de.gire of ours, we hnve aggite$sively pmomoted its tealmical

devalopment,wtrich,lbalieve,hasbomaefiTuittoday,

 It was hopea at the outset that mzdlear power would Teplace fos$il fuel in th. e near

futue, and in fact, it played an impertaiit rcle as a barg.imi!ig tool in praning fossii

fual, and even duxdi!g the tinie "Ehen £ossil fual was availab}e in abLixiclaRce, a$ hEllping

skim enerrg}7 price$.

2-Si 'canceofNxxd{earEBer intheFutuxe'--EffectsofTechntcalhmevaaen
  ]Zn rkti$ way, the dovelopmatxt and use of power reactoms, of which the light wateT

'reacter is the oore, has denienstrated a certajn 'aocompliShnient. Considetmg the

potential which fludlear etierrgy has as an enerrgy $oume, hewever, Ibedeve that we have

utilizeCi oBly 'a very snxa]l part of it so im. I am of the opii Lion that nvtdlear enexgy has

tihe po$tmbility of exitfbidng xunch greater powex, vginich may be ca]led the affe{rk of

"sevL)na-$tage'nuelear enerrgy desralopmene', tlrrough advaricix)g technical imovation

furtiliev, im centrast with the rneiSts we have etijeyed from what may be ca!led the effect

of `Efust-stage nuclear enerTgy dovalopmene'.

   C()nsidertng our futute, the signLficance af the potential uf nudear energy will never

imiisk, even afLer light watu reactoar twhialogy ha$ matu,ect In eraer to xnake full

use <rf such poteritial of nualear enetrgy, long-tenu althrts toward"$ecen(lrstaore nuelear

energy dovalopmene' should be made.

  I beliesre the maix} pcxints of this soconct-$tage devalQpment

enhan¢eipent o£ the ecoBomios and the exp ansion af the rmge of tedp

 are the futhex
nica} development
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o.fnualear ene.krgy.

(Our Rpproach to n"alear energy aevelopment in this pasO
  Mxixig the esxly stagr ofnudleew enerellr devalopxnent, eniphasis has been placed.oll

the effective xise ef euJe ftnite resei uTce$ atid in order to sxviffLy digest tihe techno)ogy and

to reap the benefit ofomr etiforts ftom the energy iusource point ufview ciuialdy. I flte1

aocorcliiigly that we have uaidertnken the devalo.pment by dixecting development eiibms

towaed a u))itaxy dbject u.ndeir a'heavily p)rotective $yst}iin dmatmg ecK)nQmic

con rpetitien. We ca)i safaly say that it is owitig to sucli $ystem that we have beeti E[ble to

aoco: nplisk safbty and xe]iability at wQridrila$$ levels,

(Econoxnie pembi mancel

 in my oplrtion, caximpetition among various ]imds of ener7gy sources is ii!bensifying now,

"Gule the strategic sigtrificanee of enet)gy EK)iurces is yelatively less apparent, though

tempoirarily, <ime to the diLgsolwhon of axe Ccha-War suuctnve and ecenomic gtob alization.

bi eifder fe.y the light water reacbor to contuxue maaintahthig its impormt position in

futuxwo in competitton witih otiher energy seiur e$, we, the pecrple in aiis busines$, wiU

have te make greater mbms in bimghig about the competitjye power of ouir te<ihnology

timpugh incretruwhg eficiency, s{eeaxxilinimg at).(I xattonaliat}g the xkualear indu$try while

mainqming its }ctvel$ ofsafety and miiahihty.

 Ibalievebasicallythatthelightwater)reactormtrst$u[viveLmclffrthematketprtnciple

tl[rough those dibrts being made. Ob the other han& how 'we shoula give xxllalear

energy a ndle in dea]iiig with envixormentni. pxoblerns is a new is$ue, which we will hEwe

to fiuvtiLxeT exatnine in futuxe.

 It i$ needless to sRy that the econontic dlia]:actex criI any new tedLmaology to be aeveloped

Emd applied is an in}poreant fa< tor bi deci.ding tts oormnercialization. mae people whe

paiTtiaipated in siidli devalopinent and applicatiQn $hoLilcl always be coirsc loms that k is

tlie "ftsk given bo them by .gociety to seek .im" i'ts good ecouoinic performance wldle

maintaiiriiig $Rfety, becaNise coinmerdalization af technelogy by t!ie prtvate rmr can

only be rea]i2nd when tihere is a pxx)spect ofthat tadmolegy pmoduc i}ig a value in society

and the maiiket

CI]he time anowed foac oKir develepment werk)

 WIxi}e the inNpGrtance of possessiiig enetfgy secu±ity, wirdi is the tUkixnate objective for

         'the etsb of nualear eiiergy aAd also our eEurnest wish, has not d}ianged in the least, tihe

Tx!:s?ency <rf atJtaiiim£' .3ectuity .geeims to have lessened uiider recxmt conditi(>n$. Altheugh

the$e a)re some impzmietable elaments in the long term, such as the unceiTtainty of

eneirgy supply cenditioms in dgveloping ceimtues, it seerns that the allowab}e time scale

for fitLfiIling the ultiniate chjective of Rudlear energy has been exTtetided- We vviEl now

have to xi$e this thus granted time g£Eectiyely, with a flexi.bie stance, when the
devalopment sdl}e(lu{le of the fasrk breeder veaetox itself seeims to be delayed dxte to the

Mo}iju accident and other reasons.

<Allocatioxx cf reseurces)

 Eveit though we need te oonsider fong tiine comstant that nuclear eneLgy dRvelopment
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reqtnies dae to its natrtte, st[It we ate a}))e to say that rcNre mu"e granted an ldeal

oppoiTtLmity to xe-exatiime the fuidainental (ilixection Qf such aevelopmeBt. in order to

xxakethemestofthepot)entialpowerofn"alearenengy,iew-benece$saxyforusteshaft

the wedght afinvesknent offtnaitcial atid hunieei xe$oxxt℃es flvm cokventional alect iictty

guriat`ation to the solution ofback-ella ofthe fual cycle pxoblas.

(Re-exmbiation ef devalopmemt t,arcgets>

 I bdiove it necessary for ms to exxrploy a prQce$s of broadly surveying usffEIA

tsihnalogie$, inckxdi!>g those asraiia})le fbom tihe resulrts ofreceilt tedrnical devalopments

in pattlpheral k}dytsnies, and vaiious imovadons to be founct in theix suppoxdng

e.ugixieemhg fialds. Even tecihnologie$ once al)ariaolled in tlxe past may be ceinidewea

[[Ehen we caii naitrow them aowx} lx) the mQst pxrosrpective txxilmologies for vur pixrpo$e

thxvugh tealmical study and ewaluatilon, to itedsEthie oux qptinium tangets in the course of

t'l)is proc£ss. We a)re dumEmdea te meee the chRIIenge of doveloping imovative
tadmelogie$.

oveed to gain llnd.er$tariding oB spent fuel storaged

 ha the past, we were ofteix criticLredL by figuxativEi}y comparkig the p:.te$ent

devalopment condition af nkulear eneirgy desraloprner}t with `knansioms witheut a tnilee'.

It is meant to al]xide to the p]r6blern of not havixxg estahlishee the means fur treadng and

disl)asiiig spent fual. lfit is oniy the matter of a toilet, the arnoimt ef disclkarged eq)eii't

fuel i$ extxem(Sy s}nE[ll in the ftr$t place, and at least one metihod Qf nceprocessing is btug

demon$trated in the U K, jEren}ce a]Ld JapEm. Glebally, tihe rnethods of diErposing of

vit died selids and spent fual are tallready te(imxi.ca]ly esmb]is}ied, and a busine$$ er}tity

to uriaertake tihe di,,geosal of higl t-}evel wa$te is sdLieauled bo be e$ta})kshed in 2000. We

can $ay that we alxeady huve the tnc1 cadiogy to trea't artd dwese of $p ent fual.

 Ibalieve the probleni is to binld a co!x$ensu$ a$ to whether it is the best method to

resrpond to the ttust affutue manktua or wi}ethex it is best to (lo it now for the peeple or

broadly for maixkixtd For this problem, we need to pre$ent befbre the pee'ple as many

optioms a$ pos4tii}>le. bi coiisideration of the tune requix℃d for stuLdy atidi con$er}svts
fomiatton, it wi]l be necessary to .crEn'xi x"}der$tandjng on stoxage of epent fual for the

inimediate futue.

(inter#ational cooperatiol})

 Even though we are endeg"roimg to estab]is1i a comatry tich jn highaeval tmology

of oxm owri, s{]l]1 ir is impoitmt urider gibba]ized economy, to uridetTtalke technical

devalopment fffEicienby tlmough ±iitexnatio.nal cooperRtion for oomixxez(iakization af
teclmalogies. By this way, devaloping te{ilmelogies which inalucle our own te6hnologies

as the coxE, ti}iose wouldbe applicahle in many places in the would Many of the various

is$vtes oixr ]{uclea}r inauLstry face$ to(}ay alre issuos we face in comulolx with other

eetmtues- k is comideied impoiT{ant also to stu(ly srpe{im measur'es to sokwe then)

under inteniadonal wweration.

(Scmximy of R&D)
 Such twhnical ctevelcrpruent neeCts to be undertaken with stable aactd unyieldmg
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e[Efbrt$ front a long-tmm pdmt of view. Iffhi$ in tmi wiXL mean, }xowever, that such

proce$s by ks natuve is dif5cuI£ to subiect to the $gxMimy o£ £he market. Ancoxdingly,
c,ontixmoiis audtihng by Nmcompromising eye$, indludmg tho$e of ouedders, as to yv}>etiher

$uch devalopment is baing pe] fbmied rstioually and eiXciently, is corisideved essential

fox seurid tedlmical devalopment. At the $cxue imie, 1 fbel it neccssany now to have a

sy$tem in which e!L the pRJrties partiedpatit)g in the devalqpment of tedhnology

adeqtiataly sihatre iisks so tihat price-competikixre technologies can be devaloped

   Lautonemowhy. [thene wiIl be an inereastag iiuaiber of cases ki wirtch Japaii finds itsalf

on the fro.utier of techitical development in the fut [re. rt is neeessEasr that a system be

prcs･rkded for the one wi>o is taking the lead te choose and keep umi tec[lmologies and te

kmhesitatingly su$pend aevelopmellt of tedlmalogies wnwoxiib.y of conhnued (fforts

without regara to 'aiair 1ti$fory tuvugh a condnuous mbtical ovaluation pxcx)e$s.

ahe role of the govexuzaeikO

 It is also empected that the public sectpx, in{ilJxding the gevermncnt, as pemt of an

irmpoztetnt eneetgy policy, wilL abo{gde]r a umta al rcIE in the peromotion of fhe devalopment

e£ such large-scale tec!malogy. Nso ±t is hoped to positively pa]rticipate in reselvjng
peliti{ ai issues isrvohiixrg cei [Elicting interiests between the central acd loca1 area$, such

as with siting, aiid in fuidixig a way crf symbiodc application of nuc£teair eflengy, as
strongly asked fox by society-

 Ibedove it necessary fox us to Sketnh Qut omar vi$Lon once again to be prepared forc the

secoitd stage ofmualear ene!rgy desielopment anct to draw vrp our $trategy fiexibly without

$tldkiRg to the extension of the past imo"gti efirecttve use of the tinie alEowed us, c{!osaly

wamiiingthefiatuavemovementsciftheouergymai{ket. '

w4 umaxyS

 Nualea]r eneergy akTeady has sig!iificant ix}I)]ik)atiQ!is in eiieygy s'up'ply cen(litig'ms

smpplyiiig l7% <rf the workd's energy today. It is also true that we utftlze only a $xnall

part of the potential ¢apacity af nualear enetrgy today. [[lie situation sumwndmg
nudlear energy is anticipatee{ to coxitinue to be ancult fox some tme to come. Aaded to

such dffLcult situatioms axe many issue$ and changes expected to atnenge in tts

eRv±xx)nmeng sutch as econcmic glchalization, dencegulabon of electxic utiLity bimiaess,
rw)icgattizati6n of central govemment oiEEtces thxough adimbiistxative xefi)mi gnd global

enviix)nmental p]mb1orms Wldle we are in an age of tramition, the impomance of the

rote giver} to nuclear energy sha]1 noC alter in the least in geing into the next ce!itury. I

beliE"re we are reqpttre･a to do our "tnxest to make abrealrd]xough, but witliout pxejudice

with iwspect to past tedmelogies, mal;inL g tihe best use crf the time granted to us- We

should not regard inra!i$ition as a burden brtt xather as an opportunity Pi,Ovidmg vifs with

latitude, ana we need to jei Qur fome$ toward the ERcond $tage of nu(itear energy

devalcrpznent aflnv puttixig ourselves buck at the staiimg point agtm,
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