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JAPANESB SU]ffFLIHRSIN _ON FROM DO_C

NU_ POWHR _11S TO IN'IERNA'I'[ONAL SUPPLIHRS

C. W. Forsberg, W. J. Reich, W. J. Rowan
Oak Ridge NationalLaboratory

ABS'[Ze,AC'I"

Japan is emerging as a major leader and exporterof nuclear power technology. In the 1990s, Japan has the
largest and strongest nuclear power supply industry worldwide as a result of the largest domestic nuclear power
plant construction program. The Japanese nuclear power supply industryhas moved from dependence on
foreign technology to developing, designing, building,and operating its own power plants. This report describes
the Japanese nuclear power supply industryand examines one supplier--the Mitsubishi group.--to develop an
understandingofthesupplyindustryanditsrelationshiptotheutilities,government,andotherorganizations.

EX]RCU'nVE SUMMARY

Japanisemergingasa majorleaderincommercial withthevendor'ske/retsu,a long-termalliance
nuclearpowertechnologybasedon thestrengthsof among multipleJapanesecompanies-4suniquein
itsdomesticnuclearpowerindustryandchanging manywaystoJapan;thesecondtwokindsofties
relationships with historic (U.S.) commercial are common to all reactor vendors worldwide,
partners. In the 1990s, Japan has the largest and although in Japan they assume new characteristics.
most active nuclear power research, development, According to the study, the three combined exert a
engineering,supply,andconstructionindustriesin uniqueinfluenceon how thesevendorsdo business
theworld.Inthe1980s,thelargestnuclearpower anddeterminethecompetitivecharacteristicsof
constructionprogramswereintheformerSoviet MHI andHGET vis-a-visothervendorsin
Union(FSU),Japan,andFrance.Politicaland internationalreactormarkets.
economicchangeslimitthedomesticdemandfor
addednuclearpowerplantsintheFSU,while Reacua-VendorsandtheGovernment
expansionofnuclearpowerinFranceislimitedby

the market. Nuclear powersupplies-80% of the The .rapancsegovernmentactivelysupportsthe
el_ctricity in France. The large Japanese domestic nuclear industry in Japan. Perhaps most
demand ensures a large domestic supply industry, importantly, it has made the expansion of nuclear
Japan has the third largest installed nuclear capacity power a centerpiece of its energy strategy,
[33.2 GW(e)] worldwide behind the United States consequently encouraging rapid expansion of
[98.2 GW(e)] and France [56.5 GW(e)], and it is domestic nuclear generating capacity and thus the
rapidlyexpanding its nuclearpower capacity, development of a strong Japanese reactor industry.
Nuclear power currentlyprovides 27% of Japan's Even after members of the antinuclear Socialist
total electricity.There iscontinuedgrowthin Partyattainedcabinetpostsfollowingnational
electricitydemandand nosignificantdomestic electionsearlierthisyear,Tokyo'snuclearpower
energyresources, policiesremainedunchanged.In Japan,utilitiesare

regulatedbythe government;thus,the most
Eachof Japan'stwo reactorvendor importantsupportis via regulationof utilityrates
groups--MitsubishiHeavyIndustries(MHI) and andagreementon appropriateutilityactivities.The
Hitachi-GeneralElectric(U.S.)-Toshiba governmentalsoprovidesassistanceto Japan's
(HGET)-operates in a domesticenvironmentthat nuclearindustryin the formof substantialresearch
is dominatedby its interactionswiththreeentities: funding: NuclearPowerEngineeringCorporation
its/ceb'etsuaffiliation,itsutility customers,andthe (NUPEC), whichis subordinateto theMinistryof
nationalgovernment. The first relationship-that InternationalTrade andIndustry(MITI), tests
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equipment for safety and reliability,while the Japan, operates over half of the pre&suriz_water
Science and Technology Agency (STA) underwrites reaetors (PWRs) in Japan, the power reactor
long-term, large-scalenuclear research, product of the MJtsubishigroup. The existence of
Indeed, the line between government and vendor single customers that dominate the market
interests frequentlyblurs in Japan: MITI, for increases their influence over the vendors.
example, is responsible for both promoting and The close, long.term relationship between utilities
regulatingJapan's nuclear industry. Government and their reactor vendors is likely to affect vendors'
agencies also staff many positionswith personnel competitiveness in a number of other ways. The
obtained from Japanese industry, includingthe stabilityof the vendors' relationships with their
nuclear sector, customers, like government backing, provides them

with a stable domestic base from which to begin
Japan's activism in promoting its nuclear industry exploitingoverseas markets. Utility financial and
domestically has given reactor vendors a strong base technical support for technologies near commercial-
that is an essential prerequisite to moving into ization will further broaden the re_3urces available
international_les. More importantlyfrom an to the vendors. Again, on the negative side, utilities
international perspective, Tokyo's partisanship is are far more cautious than vendors would be about
unlikely to stop at Japan's borders. On the other reactor sales opportunities in countries with little
hand, the government's close involvement in the reac: ._"operating experience, given the potential
industry introduces other, more conservative effect on Japan's nuclear program should an
considerations to potential export contracts. The accident occur at a Japanese-built plant overseas.
government's concern over the potential for serious In such a case, utility views would weigh in very
repercussions for its domestic nuclear generating heavily.
programshould an accident occur at a Japanese-
built plant overseas undoubtedly restricts the Reactc¢ Vendors and the/fi_rasu
available expon field.

The ke/retau system, with its networkof companies
Reactor Vendons and the Utilities sharing financial, technical, and managerial

resources, is very advantageous to capital-intensive
Japan's utilities-.-sma!!in number, very large in industries such as nuclear power, and both MHI
size--work far more closely with their reactor and HGET are ke/retsu members. Their groups
suppliers than do their U.S. counterparts. These are very large. For example, the Mitsubishi keiretsu
utilitiesstronglysupportnuclearpoweron thebasis groupincludeshundredsofcompanieswithtotal
ofeconomicsandenergysecurity.Utility-vendor salesexceeding300billiondollarsperyear.Given

relationshipsarelong-termpartnershipsinwhich thekeyimportanceoffinancinginsecuring
theutilitiesplayan unusuallylargeroleinguiding commercialreactorsales,accesstofinancialservices
andfundingnew productdevelopmentandthe throughfellowke/retsumembersislikelytoprovea
vendorsassumea senseof"ownership"fornuclear majorassettoJapanesevendorsseekingoverseas
powerplants.This"ownership"roleincludes contracts.The ke/,"etausystemalsoencourages

providingoperatortrainingandmostoftheplant developmentofimproveddesignsandnew
maintenance, products, because risk is effectively spread over a

largergroup, technical expertise is available from a
The internal structure of the Japanese utility larger pool, and members are willing to accept
industry further increases the influence of the lower rates of returnon their investment in order

utilities on the vendors and the government. The to expand market share. An example of this
Japanese utilitysystem consists of nine, politically "forward-leaning"bias in reactor exports is
powerful, large, private utilities with three very large Mitsubishi's work in designing a 600.MW(e) reactor
utilities and six mid-size utilities. There is no that is too small for most Japanese utilities but is
significantgovernment owned electric generating appropriate for export.
sector. Tokyo Electric Power Company is the
largest private utility in the world; it operates over Intematioml Activities
half ofthe boiling water reactorsinJapan, the
power reactor product of the HGET group. Kansai The Japanese nuclear power program historically
Electric Power Company, the next largest utility in lagged behind the U.S. nuclear power program,
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whichpeakedintheearly1970sandtheEuropean vendor,hashistoricallybeenamajorexporterof
nuclearpowerprograms,whlchl_.akedintheearly heavyIndustrialequlpmenL
1980s.The potentialforJapanesenuclearpower
exports was restrictedby limited industrialcapacity In the last 3 years, the Mitsubishi group has bid on
that was committed to an expandingdomestic and won majorsales for nuclearsubsystems (steam
nuclear power industry and earlier technology generators, pressure vessels, etc.) in various parts of
licensing agreements to Japanese vendors until the the world. It has not yet won a contract to supply
late 1980s. Japanese nuclear history(war and an entire power plant. However, this is a
peace), utility influence on vendors, and fundamental shift in direction. For example, in FY
governmental uncertainties on nuclear power 1991, Mitsubishi for the first time bid independently
exports all act as further brakes on exports. The on providinga two-unit nuclear power plant to the
balance has begun to shift because of excess Czech Republic. Japan has begun to enter the
manufacturing capabilities,a clear lead in many world market.
nuclear power technologies, and higher levels of
confidence.

Japanese vendors, like most power reactor vendors
worldwide, are members of internationalconsortia
with partners in different countries. Sales in a
particularcountry will be through the group
member best able to make such sales. Business
from such sales will be shared by consortium
partners. Japanese vendors willreceive a major
portion of any such business because these vendors
are world leaders in nuclear power technology,
finance, and manufacturing. The constraintson
Japanese vendors (historicalanimositieswith
Pacific-rim countries, Japanese utility concerns, and
the risingvalue of the Japanese yen) are much
reduced when operating as part of an International
consortium with another vendor in the "publiclead"
role.

The two vendor groups h)',/c different
characteristics. The HGD.t g¢oup has jointly
developed, marketed) and sold nuclear power
plants. T"involves companies that have had close
connechuns in other fields since the 1920s. The

nuclear power agreements can be viewed as one
part of a larger business alliance. It has the largest
market share in Japan; partly because utilities
associated with HGET have had more recent

success in siting nuclear power plants. This success
strengthens utility influence on the vendor.

The Mitsubishi group originallylicensed nuclear
power technology from Westinghouse Electric
Company (U.S.). These agreements have changed
to cross-licensingagreements between the two
companies with an agreement to work together in
some third-country markets (e.g., Indonesia)
Taiwan)and the United Kingdom). MHI, the

eee
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1. INTRODUCTION AND SCOPE a near stop. In France, the success of the
nuclear power program has resulted in
79.2% of its electricity in 1992 being

1.1 REPORT OBJEC-1Tv']_ generated by nuclear power (Nucleonics
Week 1993). With almost all its electricity

The objectives of this report are to generated by nuclear power, there is little
describe the emerging Japanese nuclear demand for added nuclear power stations.
power supply industryand how its changes In contrast, Japan has a large nuclear
may affect international competitiveness, power construction program. Nuclear
and nuclear power directions worldwide, power supplies only 27% of the Japanese
The repor_ de:cribes the industry and electrical demand, and the other sources of
examines the largest Japanese energy are more expensive and/or have
vendor--Mitsubishi--to develop an associated political risks (e.g., with supply).
understanding of the system with a real
example. Japanese industry has a number of major

advantages that are likely to make it a
world-classexporter of nuclear power plant

1.2 REASONS FOR IMPORTANCE technology. Its reactor designs are among
the most advanced, and it has a recent

The Japanese nuclear power industry is in history of very high nuclear power plant
a state of transition. Japan has a large and reliability. It has specialized in the design
growing domestic nuclear power industry, of large modules built in shipyards; these
Japan currently has the largest nuclear modules are then assembled at the sites
power plant construction program in the into power plants. This is the preferred
world. Through the mid-1980s, that technology to minimize on-site
industry exported small components for requirements for skilled labor--an
nuclear power plants. In the last 5 years_it important consideration in developing
has begun to export the majorcomponents countries. Last, it has the financial
of a nuclear power station, such as reactor organizations and depth to finance building
vessels and steam generators of new power plants.
(MacLachlan 1992). Its industries are fully
capable of exporting entire nuclear power
plants and are bidding on such contracts 1.3 CAVEATS
worldwide (Dizard III 1992).

This report uses data from numerous
The scale of the Japanese nuclear power sources, but not all of the data are
industry compared to other countries is consistent. This is particularlyevident with
shown in Table 1.1. Since 1980, the three the financial data. Inconsistencies reflect
countries with the largest nuclear power partly the different times in which
construction programs and, hence, the particular studies were undertaken,
largest nuclear supply industries have been different assumptions by various authors,
Russia, Japan, and France. The collapse of anddifferent assumed currency conversion
the former Soviet Union (FSU) along with rates. Information sources are referenced
the resultant economic difficulties have herein, as are assumptions of previou_
slowed the FSU nuclear power program to studies, when known.
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Table 1.1. Nuclear pmmr plmttvendms'd domm6c mmdemrImmerPjaat mmjn_

Vendor nuclear power plant No. of doma6c Domestic generating
tonsure__e_n mm since 1980 nuclear pomnrplanes capac/ty (TWh)c

Vendor Under

Counw/ Vendor g_up* Domemicb Pmeign construction Operating Nuclear Total

Canada Atomic Ener_ of Canada 4 3 0 22 80 459

Qhiu ChinaNationalNuclear 3 0 1 2 ?.6 .582
Corporation

France Framatome NPI 16 $ 6 56 304 380

Oemaay Siemens NPI 4 2 0 20 160 484

Great Britain National Nuclear 1 0 1 37 60 292
Corporation

India Department of Atomic 6 0 6 11 7.4 245
Eneru

Japan
t.,d

Hitachi HGET 5 0 2 10 I

Mitsubishi 11 0 4 19

Toshiba HOEF 7 _ _ 1_4

Totals 23 0 10 43 182 705

Rm Minatom 43 0 15 25 213 1,649

Smedmt ABB-Atom ABB 2 0 0 12 66 136

U.q.

ABB Combustion ABB 0 0 0 15

GE HOET 0 $ 1 37

Westinghouse W/NNC 0 1 3 $1

Other, 0_ 0_ _ 9 _

Totals 0 6 6 112 $2g 2,781

aNPI is Nuclear Power lmcorponu_d;HOET is Hitachi, OE and Toshiba; ABB is Anea Brown Bovmri;W/NHC is the joint vemmm bemma Wemimgk0meand NNC to
tim Sizemdl B u_lear reactor.

_Jith Imealmpof the FSU, republi_ ewept Russia, are omsidemd fop.-ip couutrim.
Source: United Nations 1991 (see Sect. 8, _emams').
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The approach of this report is to better will strongly influence Japan's potential to
understand the Japanese reactor industry export nuclear power plants is provided
by examining one majorset of players--4he (Sect. 6). Japan has two other nuclear
Mitsubishi group. Detailed informationon power plant vendors that are members of a
the other vendors is not supplied, single consortium. Their activities are

briefly described (Sect. 6.4).

1.4 REPORT ORGANIZATION

The report is structured as follows: The
"Executive Summary" (see front matter)
provides an overview of the report. The
body of the report provides a more
narrative and detailed description of the
structure of the Japanese nuclear power
industry. The appendixes contain detailed
information that provides the basis for
conclusions and increased understanding.

The strengths and weaknesses of the
Japanese nuclear power industry reflect
both industry-specific factors and the
broader structure of Japanese business.
Because the Japanese business structureis
substantially different from that of other
countries, an overview of this structure is
provided (Sect. 2). This structure is a
major strength of the Japanese nuclear
power industry.

The largest Japanese nuclear power vendor
is Mitsubishi. Its structureandorganization
are described (Sect. 3) as is the structure of
the Japanese utility industry (Sect. 4). An
important defining characteristic of the
Japanese nuclear power industry is the
long-term relationship between the vendor
and utility. The utilities are partners with
the vendors and will strongly influence
vendor actions. Strong interactions also
occur between vendor and government
(Sect. 5).

A brief discussion of the technology and
the Japanese-specific characteristics that



2. THE VENDORS AND alters how business is conducted and

THEKEIRETSU significantly impacts how products are
developed.

2.1 OVERVIEW The largestJapanese nuclear power vendor
is MitsubishiHeavy Industries (MHI), Ltd.,

The business structure of the Japanese which is part of the Mitsubishi keiretsu.
nuclear power industry and the vendors For this reason, Mitsubishi is used as an
within that industry reflect the broader example ofJapanesebusinessorganization.
structure of Japanese industry and culture.
Because that structure is substantially
different from that of the United States, an 2.2 KEIRETSU
understanding of this structure is required
to understand Japanese nuclear power 2.2.1 Definition and Importance of
suppliers. Japan, Europe_ and the United
States have market economies as the basic

economic organizing principle. Their A ke/retsu is a type of long-term
internal structures are very different, and intercorporate alliance among banks, trust
the largest difference is between the companies, insurance companies, general
United States and Japan. Therefore, these trading companies, and manufacturing
two will be compared to aid us to companies. Each companyis a specialist in
understand what is happening, a particularindustry(Gerlach 1992) with its

own core competencies (Prahalad 1990)
In the United States there are two major and its own markets. The members of the
levels of economic organization: the keiretsu work together on products or
company--including large multidivision service that require multiple types of
corporations.and the national economy, expertise. The companies have permanent
Japan, because of a variety of historical partners. There has never been a major
factors, has a third level of economic Japanese corporation that, once it has
organization-long-term alliances among become a senior member (Presidents
businesses. Different terms have been used council, see below) of a keiretsu, has left
to describe this phenomena, including it-except by merger or other types of
alliance capitalism (Gerlach 1993) and group reorganizations. Inside a keiretsu is
communitarian capitalism (Thurow 1993). a network of cooperation and controlled
Most of the large industrial organizations in competition supporting intense competition
Japan--including all of the nuclear power outside the keiretsu.
vendors--are members of business alliances

called "keiretsus." An understanding of the In a ke/retsu, corporate members are major
keiretsu is required to understand the stockholders in other companies that are
strengths and weaknesses of the nuclear part of the same group and are connected
power supplier. The Japanese utilities are by a variety of other mechanisms. If a
not members ofkeiretsus, however, they are member of the group has financial or
closely allied with their suppliers. Finally, management difficulties, the group as a
much of the Japanese work force has whole can provide financial support or
lifetime employment. This tradition also force change in management of a specific
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corporation. Keiretsus have been 222 The Evolution of Japanese Business
developed as a mechanism to (1) allow the Culture
creation of very large groups that share
business riskswhile avoiding the difficulties Most major Japanese companies are
of organizational rigidityand (2) reduce the members of large organizational groups
cost of transactions between and among that have histories that go back to the
corporationsworking together in particular 1800s. Initially these groups were business
areas. This mechanism has major families, or za_atsu, that developed large
implications for nuclear power vendors and and strong organizatiom. Today's version
vendors of other high-capital-cost complex of these organizations are more loosely
technologies. Each member of a keiretsu connected business groups known as
can partly call on the resources of family keiretsu. The evolution of these corporate
members. Each member also has access to families, zaibatsu, keiretsu, or groups has
engineering information from other played a major role in the evolution of the
members of the family. This Japan's economic system and political
connectiveness requires an understanding structure. The continued existence of
of the ke/retsu to understand the reactor these groups over such long periods of
vendor, time indicate that they are deeply

embedded within Japanese culture.
As shown in Table 2.1, keiretsu-related Appendix B provides some history of these
companies are a majorfraction of Japanese groups.
economic output and a continuing feature
of the economy. This particularanalysis 2.2.3 Ties That Bind _ Groups
(Ky0kai 1990; Gerlach 1992)' is based on Together
firms listed on the first section of the
Tokyo Stock Exchange, where membership Ke/retsus are bound together by a variety of
in a ke/retsu is based on capital affiliation, financial andnonfinancial ties. The degree

of coupling depends upon the individual
Six major intermarket ke/retsus exist in corporation and varies from multiple tight
Japan. Appendix A identifies the ke/retsus connections between specific corporations
and lists the majormembers of each group, to relativelyloose connections. A company
Each is headed by a major bank or trust can join a keiretsu group by its actions over
company. Each member company is in a a period of one or two decades. It is a
different line of business. Each of the constantlychanging and evolving structure.
companies listed by itself is a very large
multibiUion-doUarcompany. An example is Long-Term Investor BL_ with C'rms-
the Mitsubishi group, and the Mitsubishi Ownenthip
companies associated with nuclear power
are shown in Table 2.2. Competition is The ownership of large Japanese
primarily between that kdretsu and other companies that are members of keiretsus
kdretsus, not among members of a are significantlydifferent from that of large
particular keiretsu. Keiretsu members that companies in the United States or Europe.
are directly involved in nuclear power are In the United States, typically95%+ of the
listed in italics in Table 2.2. corporate stock is owned by market

investors (institutions and individuals)
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Table 2.1 Keb,e_ fraction of Japanese firms listed on the first u:ction of the
Tokyo Stock

1970 1980 1990

Percent of sales 71.2 78.5 75.9

Percent of assets 65.8 75.7 68.8

Number of companies 371.0 536.0 577.0

whose incentive for ownership is the financial organization that is a member of
dividend that the corporation pays its a different keiretsu.
stockholders and stock value appreciation.
Stock ownership is a method for control of Board of Directom
corporate resources. In a typical large
Japanese company, 20-.30% of the stock is In the United States and Europe, a
owned by market investors. Stable traditional mechanism for controlling and
investors--primarilyof affiliated companies coordinating multiple companies has been
including, but not limited to, keiretsu the use of interlockingboards of directors.
members-own 70--75% of the stock. The same directors are on the boards of
Share ownership is acquired for business- related companies. The board of directors
influence purposes, not as a market has as its central responsibility the
investment solely to acquirc return in the monitoring of management performance,
form of dividends. These stable investors setting policy, and when appropriate, the
are normally suppliersand customers of the power to replace management.
corporation and have ownership
proportional to business that is transacted. In Japan, the typical board of directors
The cross-ownership of stock within the six consists primarilyof senior managersof the
major groups is shown in Table 2.3. In company. The board of directors has a
older groups, there is morc cross- similar legal status as in the United States,
ownership, but it does not serve the same function. It

is not a major mechanism for control.
Capital Markets

Studies (Ballon et al. 1976; Bacon and
Members of a group preferentially borrow Bacon, 1973) indicate that over 90% of the
capital (loans, bonds, etc.) from the boardmembers of large companies are full-
financial organizations within their own time managers in those companies. For
group (Table 2.4). On the average, it is example, Table 2.5 lists the board of
15 times more likely that a group member directors of MHI and the affiliations of its
will borrow funds from organizations in its board members. All except two are MHI
own group than it will borrow from a managers.



Tal_ 7.2 Si_ of major l_mbinbi _ limedon tl_ Fretre:mrof me Tekyo,
ojm, _d Nqoya0d__ _ m _ _th tl_ mx_r kuk_7

C_mss_:ome

No. of

co,,,_ Industry Em_ _Comion)" $ t'oeemy' T_ ofIno_me

MitsubishiBank Banking 15,985 3,500 35 Revenues

MitsubishiCorporation Tradingcompany 10,002 18,000 180 Sales

M/m_b/s/_E/ecw/¢Company Electricmachinery 51.331 3,200 32 Sales
(turbine generator)

M'mub/sh/HeavyIndusu/es Heavymachinery 45,775 2,800 28 Sales
(reactorvendor)

M'mub/skfMater/a/sCorporm/on Metalsandceramics 10,161 1,500 15 Sales
(fuel fabricator)

MitsubishiTrustandBanking TrustBank 7,112 1.250 .____12.5 Revenues _1

Totals 140,336 30,250 302.5

*AssumeIO0_perU.S. dollar.



Table ?.3. _ by kebe_ _ and industrial¢ompanB in
ofl_ _ of _mc gnmp and ofl_ gnm_ %"

Affiliation of company issuing shares
_tion (number of group companies)

of company
holding shares Dai-Ichi
(number of group Kangyo
companies) Mitsubishi Mitsui Sumitomo Fuji Sanwa Bank

(15) (15) (13) (17) (19) (22) .,,

Mitsubishi (16) 63.4 1.6 0.9 4.0 4.7 4.4

Mitsui (15) 2.3 51.4 2.1 0.7 4.4 523

Sumitomo (13) 2.2 1.6 63.9 3.7 3.9 2.8 I

Fuji (17) 1.5 0.0 2.2 38.1 4.8 4.4 _.

Sanwa (19) 8.8 I0.I 9.1 11.1 2&0 10.2

Dai-Ichi Kangyo Bank (22) 3.1 1.3 0.9 10.4 12.8 31.6

Other C_x__(137) 19.0 33.7 21.0 34.7 42.4 42.0

Source: Gerlach 1992 (see Sect. 8, "References").

"Table based on examination of top ten shareholders in each company (e.g., 16 Mitsubishicompanies in total own 63.4%
of the outstanding shares of 15 Mitsubishi companies).



Table2.4.Soulx_of_ capitak%a

Af_liationofindustrialborrower(numberofgroupcompanies)

A/Hliationoflending
institution Dai-Ichi

(number of group Mitsubishi Mitsui Sumitomo Fuji Sanwa KangyoBank
finan_al compani __'s_) (12) (12) (10) (13) (17) (20)

Mitsubishi (3) 428 1.0 2.9 4.3 4.8 4.5

Mitsu (3) 1.9 39.5 1.0 1.8 2.5 7.1

Snm/tomo (3) 3.5 3.0 42.4 5.3 1.6 4.2

Fuji (4) 0.7 0.5 0.0 26.6 8.9 3.2

Sanw (2) 0.5 1.0 0.0 3.0 322 6.8 _,O_

Dai-Ichi Kangyo Bank (2) 4.0 5.8 0.0 8.1 4.9 23.3

Other banks (29) 46.5 49.2 53.8 51.0 45.0 50.9

Source: Gerlach 1993 (see Sect. 8, "References').
"Analysisconsiders only top 10 lenders.
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Table 2.5. Ml Board of Directors

illll ii , _ ill i lll ill l i i, ii illl ii i|| i ii

Individual Title Responsibility
,i i i i l i, ,, l ii i ,, ii J

YotaroIida Chairman ChairmanoftheB_ardofDirectors

KentaroAikawa President President

HajimeSakurna ExecutiveVicePresidentGeneralManagerofIndustrial
Machinery Headquarters

Takahisa Niwa Executive Vice President General Manager of Power Systems
Headquarters

Yoshitake Makise Executive Vice President General Manager of Air-Conditioning
and Refrigeration Systems
Headquarters

Hideo Hirotsu Executive Vice President General Manager of Presidential
Administration Office and Project
Development and Construction
Headquarters

Akira Miyazaki Managing Director General Manager of Shipbuilding and
' Ocean Development Headquarters

Takeshi Matsuoka Managing Director

Michiaki Kono ManagingDirector General Manager of Technical
Headquarters

Yoshihisa Akita Managing Director

Hiroshi Ak/ta Managing Director General Manager of General
Machinery and Components
Headquarters

Kiyokazu Kawai ManagingDirector General Manager of Steel Structures
and Construction Headquarters

Yutaka Hineno Managing Director General Manager of Aircraft and
Special Vehicle Headquarters

Nobuyuki Masuda Managing Director Genelal Manager of Machinery
Headquarters

Tsuneo Uebayashi Managing Director General Manager of Nuclear Energy
Systems Headquarters
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Personnel Tramfcn Observers of these activities (e.g.,
Ocrlach 1992) believe that the most

Personnel transfers between companies of important function is symbolic. By
the samc_/re_vu do occur-both to provide attending these meetings, a company
special knowledge in a specific area and to president sends the message to his own
provide assistance if a particular company organization that it is a member of a larger
is in significant financial difficulty. It is group and that when other factors are
particularly common for companies in approximatelyequal, preference should be
trouble to receive managers from group clearly given to doing business with the
financial companies. Although such members of the same keiretsu. It is the
transfers are permanent, it is expected that symbol of group unity.
persons in management will maintain
contact with their original company, The Presidents Council also provides a
although they are not employed by that regularmechanism for informal, high-level
company, discussions of the conditions of business;

how to assist a group member in economic
A particular type of transfer is that of a trouble;or whether some new joint venture
dispatched director who joins the board of should be initiated. Because such a
a company and becomes a senior manager meeting is always scheduled at the same
in that company at the same time. An time each month, it provides a natural
analysisof dispatcheddirectorsshowed that mechanism for consultation without loss of
more came from other companies within face or undue attention.
the particular group. This varies by
group--from a high of 60% of the In addition to the Presidents Council, each
dispatched directors from Mitsubishi group has a variety of interconnected
companies coming from other Mitsubishi executive councils at different levels in a
groups to a low of 25% for the younger variety of organizations. These lower-level
Fuji group, councils address more specific issues.

Presidents Council and Other Trading Companies
Intcrcorporatc F.zccutivc Councils

A specialized form of interconnection
Each of the six keiretsus has a Presidents within the Japanese keiretsu is the trading
Council. The presidents from each major company. These are very large companies
company in the keiretsu (Appendix A) meet that both own shares in their group's
together in this council once a month. The industrialcompanies and, in turn, are partly
regular business of each council includes owned by the industrial companies.
common business of the keiretsu, such as Trading companies sell products, arrange
trademarks and public relations activitie_, financing, arrange currency transactions,
The councils are the public manifestation provide shipping, and handle other
of the keiretsus. The organization of 'the middleman services. Their specialty is to
councils varies by group; the Mitsubi_hi enable sales or purchases that might not
group has the most centralized council, otherwise occur because of financial or

other limitations. Trade is made possible
by complex multiparty trades and financial
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packages which provide a mechanism to known characteristics of Japanese
bring together keiretsu companies to corporate performance:
participate in large projects.

• Med_ Share: Fult Prk_ty. Surveys
The trade connections of Mitsubishi of Japanese corporate management
Corporation--the Mitsubishi trade indicate corporate growth is the first
company.with other members of the priority, whereas surveys of U.S.
Mitsubishi group are shown in Table 2.6. managers show return on investment is
The large fraction of purchases and sales the primary corporate priori_. The
are handled by the trade companies for the willingness of Japanese corporations to
large industrialcompanies within the group accept lower return on investment is a
is noteworthy. In this specific case, MHI is majorcompetitive strength.
the largest Japanese reactor vendor.
Understanding the full capabilities of MHI • High Japanese Stock Market
requires one to understand the Mitsubishi The price: earning ratio of a typical
Corporation, for clearly the trading Japanese stock is higher than the
company is part of the resources available corresponding ratio in the United
to MHI. States or Europe. From the

perspective of a market investor, this
makes Japanese stock unattractive.

23 IMPLICATIONS OF GROUP The high price reflects, among other
ORGANIZATION things, the greater value of the stock

to business partners who will derive
23.1 Shareholder Interest increased influence and/or business for

other corporations they own or control.
The Japanese shareholder structure alters
the strategic goals of the corporation. The 23.2 Management=Owner Relationshil_
primary shareholders are the long-term
business partners whose interests extend The cross-ownership of stock within the
beyond the dividend check. The bank that keiretsu alters the relationship between
owns shares in a corporation will profit if management and owners. With stock
that companyexpands because of the need primarily held by long-term business
for additional bank loans and other partners, a corporate takeover of
financial services. Because the financial companies that are in trouble--such as
institutions also own parts of the suppliers might occur in the United States or
and customers, they also gain through Europe-4s impossible.
increased business by these organizations.
The suppliers gain if their customers are There are, however, other mechanisms to
prosperous and acquire more goods. In replace management if there is
effect, the major shareholders of a management malfeasanceorincompetence.
particular corporation receive their The stockholders are few in number, but
"income" in terms of dividends, stock typically they have held stock for decades
appreciation, and added business. This and are keiretsu financial organizations,
business structure contributes to two well- major customers, or suppliers. They have

an interest
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Table 2.6. Pa_mamF of Uade(mdeaandp_) of individualMltnubkhi
comlmnkshandledby MitsubishiCorlmmtion

, ii i,,=i ill n ,, ii it,in ,,=,, --- --

Sales Purchases
ii i in i i i iiiiiii iiiii __ -- - i i

Industrial companies

MHI 55 27

MltsubishiOil 25 35

MitsubishiMetals 22 38

MitsublshiChemicals 26 41

MltsubishiAluminum 75 100

Component-assemblyand
consumercompanies

MitsubishiElectric 20 15

NipponKogakuy(Nikoncameras) 7 11

Source: Okumura1983(see Sect.8, "References').

in the corporation's future through both economic risk is considered by many
their investments and their interactions as Japanese companies to be the primary
business partners. These multiple positions benefit to being a member of a keiretsu. It
provide them with continuous inside involves both gains and obligations.
information. In this context, upper
management of a Japanese corporation Japan has suffered two major economic
may be more carefully scrutinizedthan it is shocks within 30 years. The first was the
in companies in other parts of the world, rapid increase of oil prices in the 1970s.

This increase made much of the economic
2.3.3 Risk Spreading industrial structure uneconomical because

of resulting high energy costs. Many
The cross-ownershipprovides a mechanism industrialfacilities hadto be replaced. The
to spread business risk. No majorkeiretsu second was the rapid increase (doubling) in
company has ever gone into bankruptcy, value of the Japanese yen. The
This reflects both (1) the business incentive perspective in Japan is that the keiretsu
to avoid losing investments and provided a mechanism to adjust to these
customers/suppliers and (2) a cultural shocks. Multiple mechanisms are used to
perspective that failure of anymember of a assist keiretsu companies that are in trouble
keiretsu would reflect poorly on the skills, because of broad economic changes, for
honor, and trustworthinessof other keiretsu example, the following:
members. The keiretsu becomes an

insurance mechanism. The abilitytospread

Iq ' i
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• Discountloansfromkeiretsubanksand contractualrelationshipsfor each new
financecompanies, productor sale. Thisalliancereduces

transactioncostswith the following
• Temporary reductionsin costsof benefits.
materialsfromsuppliers.

• Developmenttimeisreduced,no new
• Priorityby tradingcompaniesand organizationalrelationshipsmust be
customerstoselladditionalproducts developed,andthelearningcurvefor
fromthecompanyintrouble, organizationsie avoided. A

comparisonbetweenU.S.andJapanese
• Long-termloan and/ortransferof nuclearpower plant design and
lifetimeemployeesfrom troubled constructionpracticesisillustrative.In
companytootherkeiretsucompanies the United States,utilitieshave
(last resort), historically ordered different power

plant components (nuclear steam
The risk-spreadingcharacteristicsalso apply supply system, turbine-generator, and
to reducing the risk under good economic architect engineering) from different
conditions for new product development, suppliers. These different suppliers
T_': is particularly important in capital- mustwork together so that the various
.._en,_:e industries such as nuclear power, systems function in a plant. In Japan,

electro,,.:s, and aviation. Development of the same companies participate each
a new, complex product and market usually time. A new organization need not be
requires expertise in multiple fields and built with each plant.
multiple development efforts on multiple
components. If a single company is to • Product integration is improved
develop a new product, some parts will be because the different suppliers have
developed in-house. Other parts must be long-term relationships and begin to
developed by other organizations with the understand the needs of their
appropriate skill. In a market economy customers.
system such as the Llnited States, the
company pays other companies to develop Risk spreading between corporations
these components. The company that requires acceptance of significant
finances the development of the product obligations when a particular corporation
must usually accept the total risk. In a develops a business relationship with
keiretsu where there are long-term another corporation. A company may
relations, other companies of the keiretsu accept some risk in development of
may develop specific components needed components for a new product of a fellow
for a particular product at their own keiretsu company although it might not
financialrisk with the implicitcontract that normallychoose to enter the particularline
if the product is successful, they will of business. The choice of business
provide those components at a profit, partners is limited by earlier decisions.

One cannot readily switch to different
There is a second characteristic of this suppliers. Assistance may be requiredby a
system--one usually has the same business company in deep financial trouble. These
partners. There is no need to develop new



2-12

obligations result in several characteristics loyalty, create company team spirit
of Japanese business: (member of a group), and thus allow the

corporation to adjust to changing market
• Business relationships develop over conditions. The perspective is that if the

years or decades. Quick agreement employee has a lifetime commitment to the
with new suppliers or customers would organization, the employee will support
not be expected because those entering changes in how business is conducted to
such relationships recognize the ensure success of the business. Change
implicit obligations, does not threaten employment; hence,

change is accepted. An important corollary

• Companies have a very strong interest to lifetime employment is that a significant
in good management of related keiretsu fraction of an employee's income is in the
companies because of the high cost to form of bonuses that depend on how well
themselves if a customer or supplier is the company is doing. The bonuses are
in trouble, both incentives to the employees to ensure

business success and a mechanism to lower
labor costs in poor economic times.

2.4 LIF'ErlME EMPLOYMENT
The practicaldifferences between Japanese

2.4.1 Practices and U.S. employment practices are
somewhat less. Many U.S. corporations

The employment philosophies cf the have very stable employment with
United States, Europe, and Japan are commitments to long-term employment.
substantially different although the practical Many Japanese corporations have
differences are not as great as implied by permanent employees and contract
theoretical economic models. Japanese employees. The contract employees do not
emplo_-_aentpractices are based on lifetime have lifetime employment fights.
employment, whereas U.S. employment
practices are based on free labor markets. 2.4.2 Implications
Policies in both countries are a result of
cultural, economic, and political beliefs. These differences in employment policies

,_ have major impacts on how business is
In the United States, employment is at the conducted. Several characteristics of
will of the employer. The economic Japanese corporations are reinforced by
rationale is that corporations must be able the obligations created by lifetime
to change employment levels and relative employment.
skills to adjust to changing market

" conditions. The market provides the . Lifetime employment creates additional
highest awards to those with the incentives for corporations to be
appropriate skills and a mechanism for members of keiretsus as a method to
companies to avoid the costs of reduce business risk and _void large
nonperforming employees, fluctuations in their need for

manpower as driven by the business

In Japan, lifetime employment has been cycle.
considered preferable to ensure employee
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* Lifetimeemploymentfurtherreinforces confidence that the individualwill remain
a major priority of Japanese with the c_mpany and that the company
management---increasedmarket share, will get a full return on the investment.
Loss of market share with a fixed This approach has several other impactson
workforce is very expensive, business.

Lifetime employment changes the emphasis • Management requirements are
on the preferred mechanismfor technology reduced. Management must matchthe
transfer among national laboratories, right people to the right job. With a
cooperative industrial research efforts, and highly skilled, cross-trained workforce,
individual corporations. Japan, like the more people are available to meet
United States and Europe, has national particularshort-term needs.
laboratories for many industries, including
nuclear power. There are also various • Cross-trainingallows faster response by
industrialcooperative organizations such as the corporation to unexpected events.
the Central Research Institute of Electric A trained and diverse manpower pool
Power Industry (CRIEPI)--the Japanese is available.
version of the U.S. Electric Power

Research Institute (EPRI). A An example of the effects of lifetime
characteristic of such organizations is that employment and a different management
many of the staff are on temporary loan philosophy is the operational philosophy
from major corporations. The people are formaintenance of Japanese nuclear power
the mechanism for technology transfer, plants. In the United States, maintenance
Such methods are less common in the is traditionally organized by craft:
United States and Europe in part because plumbers, pipefitters, electricians, etc. A
the corporation has no assurance that key particularcraftsmanis assigned to whatever
individuals will return to the parent mustbe repaired that day. The assignment
corporation with the knowledge that was structure requires significant management
gained. If the employee accepts work input to match skills to the jobs. A major
elsewhere, the corporation loses both complication is that the ratio of electricians
expertise to competitors and the financial to pipefitters to any other craft varies
loss from supporting that individualwith no among jobs. Japanese power plant
realization of long-term gain. maintenance staffs are organized by

functional area (reactor, turbine hall, etc.).
Last, lifetime employment encourages This has two major benefits:
development of a more highlyskilled, cross- (1) responsibility and ownership for a
trainedworkforce. This alters how business section of a plant is clearly assigned--it is
is done. If employees cannot be laid off, their partof the plant and (2) management
the corporation has a strong incentive for difficulties in balancingrelative numbers of
cross-training individuals. This added particular crafts are reduced--hence, the
flexibility allowsthe transferof people from management loads are reduced. The cost
areas in which less work is available to is providingthe needed cross-training.
areas where additional help is needed.
Cross-training to improve productivity can
be emphasized because the corporation has
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2.5 TECItNOLOGICAL LEADERSHIP steam generators. A steam generator is a
heat exchanger where hot reactor water is

Japan is a technological leader in many used to boil water to steam that is then
areas of design and commercial nuclear sent to the turbine to produce electricity.
power plants. The term commercial herein It has been recognized that horizontal
implies reactor designs that can be built steam generators, compared to vertical
without requiring a prototype reactor to steam generators, have safety advantages,
prove economic or technical feasibility, improved plant reliability, and possibly
Japan is stronger in this area than in fuel lower costs (I-Iibbs,July 1993; Forsberg et
cycles or advanced reactor concepts such as al., 1989). The drawback is that steam
liquid metal reactors. Some examples can generators are the largestcomponents in a
clarify these Japanese strengths, that in power plant and that changing their
part, reflect structural characteristics of orientation necessitates redesign of much
Japanese industry and government, of the power plant and some risk of

"teething"problems in the first such plant.
Japan leads in automated inspection
equipment for nuclear power plants. This The willingness of Japanese vendors to
is a result of Japanese regulatory and make these kinds of improvements in part
operating philosophies. The Japanese reflects: (a) their ability to spread
regulator, Ministry of International Trade development risks (see Sect. 2); (b) their
and Industry (MITI), compared to other goal of increasing market share; and
regulatory agencies in other countries, (c) their willingness to accept a lower rate
requires a very detailed inspection of all of return on research and development
nuclear power plants once a year. (R&D) investments. Table 2.7 shows a
Furthermore, Japanese utilities have recent study (Thurow 1992; Financial
emphasized maximizing reliability by a Times 1990) of acceptable return on
once-a-year overhaul of each plant with investments for R&D in different
detailed inspections. It is expected that countries. A willingness to accept lower
there will be few or no significant returnsoninvestmentsimpliesawillingness
equipment failures between inspections, to develop technologies that will require a
These requirements have created the need significant time lapse to obtain a return on
for rapid, by operating automated an investment.
inspection equipment to minimize
downtime for inspection and overhaul. The Japanese vendors have begun to

develop and incorporate totally new
Japanese vendors have demonstrated more technologies into their plants, such as
willingness than other vendors to fluidic accumulators designed for the
incorporate improvements in reactordesign MS-600. This activity is an indicator of the
where there are clear long-term economic Japanese belief that they have incorporated
or technical advantages despite high the useful foreign technology and must
development costs and lengthy now generate their own advanced
development times. An example is the technology. The historicperspective is that
development of horizontal steam Japanese industry copies and then
generators for the MS-600 reactor rather incrementallyimprovesthe technology. In
than continued use of conventional vertical nuclear power, they have moved clearly
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beyond this stage and are becoming a • All Japanese nuclear power plant sites
leader in innovation (Hansen 1992). are located on the ocean and have easy
Recent surveys (Bonsignore 1993) of transport of modules from shipyard to
patents granted in 1992 by the U.S. Patent power plant site.
Office reflect a similarperspective. Of the
top five companies that received patents, • Because of high population densities
four were Japanese and one was American andhigh cost of land, power plant sites
[General Electric Co. (GE)]. The four are very small by U.S. standards.
Japanese companies included the three Shipyard construction minimizes the
Japanese reactor vendors: Mitsubishi, space required at the construction site
Hitachi, and Toshiba. for construction activities.

• The Japanese vendors own shipyards;
2.6 MODULAR POWER PLANT thus, they have ready access to
CONSTRUCTION shipyard facilities. By historical

accident, none of the other vendors
A significant competitive advantage of the worldwide were heavily involved in
Japanese nuclear power industry is its shipbuilding. Because thesecompanies
ability to build nuclear power plants from started as shipping and shipbuilding
large modules constructed in shipyards, companies, there was, and is, an
Modular construction of nuclear power inclination to use shipyards for
plants is considered today (Johnson and construction where feasible. The
Orr 1988) to be the best method to vendors understood both the strengths
minimize cost, minimize construction time, andweaknesses of shipyardfabrication.
and maximize quality. Modular
construction consists of building large • Last, in the late 1970s there was a
sections of a nuclear power plant in sharp decline in shipbuilding at the
shipyards, transporting the sections to the same time both nuclear power and
power plant site, and assembling the offshore energy activities grew rapidly.
sections to build the power plant. The At this time, Japan was the world's
benefits are obtained by manufacturing dominant shipbuilder. With lifetime
large plant sections (up to 2000 tons each) employment, heavy shipyard
indoors with permanent skilled staff and investments, and excess capacity, the
automated equipment. This approach shipyards needed new business
minimizes field construction where (Parkinson and Orsi 1982). The
temporary facilities must be built and nuclear vendors used their shipyards
temporary employees trained for short- for construction of nuclear plant
duration construction jobs. modules to reduce shipyard loses, but

discovered major cost and schedule
Japan is the world's leader with most of the savings.
world's experience in modular shipyard
construction of nuclear power plant An example of this technique was the
components as a result of a combination of construction of the Kashiwazaki Kariwa
historical events. Unit 4. Here the completed control

room--the most complex part of the
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Table 2.7. Required mrporate rates of return for R&D projects
with a 10-year lag in payoff for different muntries

Country Rate of return (%)

Germany 14.8

Japan 8.7

United Kingdom 23.7

United States 20.3
i ,i, i i i i ill i

plant---wasdelivered in two modules with a steel required for strength duringshipping
savings of 4 months in its construction has a useful function within the plant. The
schedule. The larger module weighed optimum design for field construction,
438 tons (Atoms November 1991) with truck-shippable modules, and shipyard
dimensions of 15.8 m (52 ft.) by 26.0 m modules are different. Japanese designs
(85 ft.) by 11.65 m (38 ft.) are optimized for shipyard fabrication of

modules. This is optimum for coastal sites,
The use of large-scalemodular construction such as exist in Japan.
fundamentally changes how engineering is
done. In traditional engineering design There are disadvantages of modular
from houses to nuclear power plants the shipyard construction. Additional
facility is designed by system. There are engineering is required to be sure the
sets of structural,electrical, andmechanical modules can withstand the stresses of
blueprints. For efficient shipyard shipping(wave actions, etc.). Furthermore,
fabricationthese designs must be converted most of the engineering must be completed
into construction blueprints for fabrication before the start of construction to be sure
of modules. Module design must be modules will fit together in the field.
optimized for efficient fabrication within There is a significant engineering and field
the constraints of normal shipyardpractice, construction learning curve (costs) for the
This is a very specialized form of first several jobs. In Japan, this leasing
engineering, curve was paid for, in part, by the need to

minimize shipyard losses. Partly by
The use of modular construction happenstance, a technique originally
techniques changes the optimum design of designed to minimize shipyard losses could
the power plant. If large modules are to prove to be a major advance in power
be shipped to the site, they must have the plant construction.
structuralintegrity to survive the stresses of
shipping. These may or may not be the The modularconstruction combined with a
same as the power plant might receive variety of other factors (Hansen 1990;
during normal or accident conditions. Hinman and Lowinger 1986)have made
Economically optimized designs ensure that Japanese construction of nuclear power
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plants highly efficient. An evaluation of
on-site labor requirements to build nuclear
power plants indicated 17,400 person-
hours/MW of power plant capacity were
needed in Japan vs 26,400 person-
hours/MW of power plant capacity in the
United States. Similarly,construction times
in Japan for a nuclear power plant are
-48 months--the shortest construction
times in the world with many countries
having construction times twice as long.

2.7 IMPLICATIONS

The structural characteristics of the

Japanese industrial system assist the
development of capital intensive,
technologically intensive industries such as
nuclear power. The system does require
informal consensus between many groups
to start projects, but once such a consensus
is reached, rapid progress results with no
financial and few technical limitations.

In the specific case of nuclear power, one
other structural characteristic has greatly
strengthened the industry: the vendors
started as shipbuilders. This reflects
industrial historywhere shipbuilding(rather
than railroads) was the centerpiece of
industrialization. The use of modular

shipyard construction technique_
substantially improves nuclear power
economics andgives nuclear power a major
economic advantage in Japan.



3. MITSUBIS_ GROUP AND MHI "['nese companies, their aff'diates, major
divisions, and numerous equipment
suppficrsin the ke/re_'u represent a massive

3.1 STRU_OFTHEMITSUBISHI financial business power. The Mitsubishi
KE/RETSU ke/retsu includes over 700 companies and

affiliates and subsidiaries, with over
3.1.1 History and Evolution of Mitsubishl $300 billion in annual revenue.

The Mitsubishi group is one of the oldest The major Mitsubishi nuclear companies
corporate groups in Japan. It was started are shown in Table 3.1 with the Mitsubish/
by Yataro Iwasaki in the mid 180(0 as a companies that are their major
family owned group of companies. The stockholders, (subsidiaries,affiliates, and/or
structure of the group has changed with divisions) and that perform the work
time. The group was broken up after associated with M/tsub/sld's nuclear
WWII but reformed as a keiretsu in the business.
1960s.

The major stockholders of the Mitsubishi
Mitsubishi has historically been a financial, trading, and industrialcompanies
shipbuilding company with growth into in the nuclear business are shown in
other industrial products as a result of its Table 3.2. This does not include other
basic shipbuilding operations. This financial connections between these
orientation, as discussed later, has had a companies andother Mitsubishi companies
significant impact on its nuclear power not involved with nuclear power. Details
activities andthe unique Japaneseemphasis are provided in Appendix E. All the
on construction of nuclear power plants financial companies have major holdings in
from large modules built in shipyards, the industrial companies, and the industrial
Appendix B provides a more detailed companies have significant holdings in the
history, financial companies. The estimates are

that "most large Japanese firms have well
3.1.2 Ownership of Mitsubishi Nuclear over half of their total equity controlled by
Organizatiom stable shareholders with a variety of

business interests in the company; and in
The nuclear capability of the Mitsubishi the case of some firms,such as commercial
keiretsu is concentrated in three major banks and other financial institutions, this
companies: MH, Mitsubishi Electric figure is over 90%" (G-erlach 1991).
Company (MELCO), and Mitsubishi Mitsubishi bank has an unusually large
Materials (MM). MH is the lead fraction of its stock owned by other
organization. It also designs the power Mitsubishi companies, but the large
plant and the nuclear reactor. MELCO number of Mitsubishi companies limit how
provides electrical generators and control much each can own.
systems. MM provides nuclear fuel.
Mitsubishi keiretsu is financed by the The financial link between industrial and
Mitsubishi Bank, Mitsubishi Trust financial companies ensures that financing
Company, Mitsubishi Corporation (trading will be availableto the industrialcompanies
company), and Meiji Insurance Company. when needed. This is a key requirement

3-I
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Tsble 3.1. Nuctesr Segment of the Mi_ubishi _ With am Imlication of
the level of mansgcment's control

i i i iiii i i i ,i

FINANCIALandTRADINOCOMPANIES(Financing)

MeijiInsuranceCompany*

Mitsub/shiBank*

MitmbishiTrustCompany'

Mi_ublmlCorpomlon(Tmdlng)'

INDUSTRIALCOMPANIES(Manufacturing)

MHP MHI

MitsubishlAtomicPoweP MAPI

MitsubishiPowerTrainingCenteP MPTC

TakasagoR&D Center TR&DC

Kobe Shipyardand EngineWorks_ KSEW

NuclearPlantServiceEngineeringCompanyc NUSEC

TakmagoMachineryWorksc TMW

MitsubtshiMaterials* MM

MitsubishiNuclearFuel Companyc MNFC

MitsubishiElectricCompany* MELCO

MELCOEquipmentDivision_

• MajorMitsubishike/retsucompaniesin thenuclearindustry-- theyarepubliclyowned
companies.

"Major Subsidiariesand/orJointVenturesthatareprimarilycontrolledbyMHI buttheir
controlissharedwithothers

cMajorDivisiomorCompaniesthataretotallycontrolledbyonekebetmCompany.
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Tare d tuaz MUmUnucl
i i iii i iiiiiiii i iiiiii ii iii HI I _1 iili|l ii i li i iii iil_iii i iiil IIIlilllllIH I I IIII _ I I II IIII I

" I I II I Illl I 11111 I I f II I I II ,, I

orputzstlom Fhmn,_ Tmdlni; Industrial

Type Compny MELII Mrr MIX' MIX'
[imur B,,nk Trust Trading'i Millb MEI..CO MM'

.... 111,1111i i i , l i iH i i i i IHil Hii,l,, i i, H

Financial MEIJI X¢ ..d ..........

MITBank 3.8 X 1.8 1.7 :3.0 X X

M_t 4.8 3.1 X X 2,7 1.8 X

Tnidlnil MrT¢ 6.0 4.9 .5.3 X 3.1 X X
Tmdinll

Industrial MHI 3.2 3.6 6.1 1.$ X X X

MELCO 4.1 3.4 3.8 X X X X

MM _.4 4.2 5.6 X X X X

• These data onlyinclude the major stockholders directly or indirectly associated with nuclear
power--there are numerous other significant cross stockholdings in the keirersu.

b MHI owns a significant part of the financial and trading companies.

oThe _#'e_ tradingcompanies' major stockholders include all the _/retsu financial
organizations and Mill.

The _/rets'u trading company owns a major stockholding in the _/rem_ bank and MHI.

• MM, the _iretsu nonferrous materials company does not have major holdings of any of the
nuclear keirecvufinancial or industrial organizations included in the Table. However, it owns
100% of MNFC, which supplies all the fuel for Mitsubishi nuclear plants.
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for success in capital-intensive businesses, construction and civil work, using a hybrid
such 8 nuclear power, where financingis a management systemthat combines features
majorconsideration in sales, of the French Framatome/EdF operations

and the U.S. architect
There are also financiallinks between MHI engineering/constructor/reactor
and Mitsubishi Corporation--the world's manufacturer'srelationships.
largest tradingcompany. This is important
in terms of exports. The business of MHI has two organizations focused
tradingcompanies is to connect buyerswith exclusively on direct service to nuclear
sellers and provide the middlemen services, customers: The Nuclear Power System
including transportation, currency trading, Engineering Company (NPSEC) and the
insurance, andother services. This includes Nuclear Power Training Center. These
arrangement of multicountry swaps of organizations perform maintenance
goods, multinational financing, and other inspection and/or training tasks that a
three-or-more party agreements. For utility might need. They know the plants
Table 3.1 large facilities such as power and the customers, and they are the direct
plants, the ability to arrange such services links to the Mitsubishi organizations who
often determineswhether a sale is possible, design, build, and conduct research on

future systems and components.
A number of related industrialcompanies
do not have major holdings in each other. The overall coordination of Mitsubishi
The kelretsus' influence on these companies nuclear research and development (R&D)
is from mutual respect, long personal is accomplished by MHI Takasago R&D
relationships, and through the ke/retsu center with inputs andrequests from all the
financial organizations with major Mitsubishi nuclear organizations, all the
stockholdings, utilities with pressurized-water reactors

(PWRs), Japanese government
The financialsize of these organizations is organizations (primarily MITI), and
much largerthan nuclear power groups in numerous foreign R&D programsthat the
other countries. Appendix C shows sales of Japanese either fund, partially fund, or
the parent companies of various reactor participate in through personal transfers.
vendors worldwideto givesome perspective
on relative financial strengths.

3.2 TECIINOI.DGY

3.1.3 Pro_-t Management of Nuclear
Progranm 3.2.1 History of Mitsubishi as a Nuclear

Power Plant Supplier
Table 3.3 shows how nuclear project work
is divided among Mitsubishi's three major The strategy used by Mitsubishi in
nuclear companies. The project developing its capability in the nuclear
management is done by MHI. Component industry is direct and simple: when
design and manufacturing are with MHI, entering an industry, it obtains a good
MNFC, MELCO, and smaller keiretsu understanding of what has been
companies. In addition, MHI teams up accomplished in the past. In the case of
with the utilities to accomplish the
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TMi 2_. Nm:latr _wm. psoJa_ molto of Milsmldi_ oom_

IIIII II I III II I . I I I I I _ I . II rumlnin "

-- i IIIlITnlln 11 IIn [I • _]] I Imr I ]Iillllf

Prtme contmctm' functina Mill

System deign

Reactor

Primary system MAPI

Secondarysystem Mill and MAPI

Fuel

Turbine T_mSo f_ty of Mill

Electrical MAPI and

Buildings Mill &.'d MAPI

Site work MHI and MAPI

ManufacturinS

Reactor

Primary system MHI

Secondmy system MHI

Fuel NFC

Turbine MHI at Kobe

, Electrical MELCO at numerous MELCO facilities

Construction/civil Utilities and MHI

Buildings

Site work

Operatiom Utilities withsupport from
• Nuclear Plant Engineering Services NUSEC (owned by

MHI)
• Nuclear Power Training Center (NPTC) (jointly owned

by Utilities and MHI)

R&D R&D is managed and coordinated by MHI through the
Takasago R&D center
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nuclear power, this includes understanding hardware were from the Westinghouse
what was built by the leaders, what is being corporation. The sizes were varied, but
built by others, and what is being explored they fell into three power ranges: 340 to
in the various R&D programs around the 566, 826, and 1175 MW(e).
world. Their strategy is: Build your
capability with the help of those who have By 1958 the ke/retsu decided to establish a
existing capability, develop an independent company completely committed to nuclear
capabilitywithyour own source of technical power and founded Mitsubishi Atomic
information, and pursue a path of Power Industries, Inc. (MAPI). Even
independence based on excellence in though Mitsubishi worked on this first
engineering and management while generation of plants started in the early
producing quality hardware. This strategy 1950s,the initial plants were considered to
is not new at Mitsubishi; it started with be Westinghouse plants. The first MAPI
shipbuilding a hundred years ago and designed plants did not go into commercial
continued with the building of electrical service until the i970s. The components
equipment in the 1920s, airplanes in the were progressively changed to Japanese
1930s, general heavy industry in the 1950s, domestic products through this period.
automobiles in the 1960s, electronics in the
1970s, and computers in the 1980s. In the 1960s, the second generation of
Typically, these products are developed Japanese Mitsubishi PWR plants were
over a 30-year period with a methodical designed and placed in service in the 1980s.
process of laboratory testing and market These plants were in essentially the same
development. In the case of nuclear power ranges: -560,-880, and
power, Mitsubishi's capability has evolved -1160 MW(e). However, the Japanese
over the past 40 years and through consider these plants to be based on
5 generations of plant development. Mitsubishi technology, Japanese R&D, and

the experience gained from the
Mitsubishi companies started working in construction and operation of their tirst-
the field of nuclear power when the generation plants. Majorcomponentswere
1945 business restrictionswererescindedin essentially of Japanese designs and were
the early 1950s. manufactured in Japan.

In the same time period, there was an In the 1970s, the thirdgeneration ofPWRs
internal Japanese debate on whether to in Japan were designed, and seven plants
develop indigenous nuclear power were built: three at <600-MW(e), one at
technology or obtain licenses for the 890 MW(e), and three at 1180 MW(e).
technology from U.S. vendors. The utilities This is essentially the generation of the
strongly preferred the latter option, which 1990s. It includes an advanced steam
was ultimately accepted. Mitsubishi had generator design (Model 52F), a digital
earlier technical agreements with control system, and a 52-in. low-pressure
Westinghouse and signed new nuclear turbine-blade design. MAPrs objectives
power licensing agreements with are improved operability, reliability,safety,
Westinghouse. Nine plants were designed and economy. Three of these plants are
andbuilt as a part of the first generation of currentlyin commercial operation, and the
plants; these designs and much of the
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other four are scheduled to startoperations 3.2.2 Current and Future Reactor
by 1997. Products

The fourth generation of PWR plants to be Current Japanese nuclear reactor products
btdlt in Japan will be the advanced are consideredthlrd-generationdesigns(as
pressurlzed-water reactor (APWR) plants described earlier in this section). More
expected to start commercial operation in advancedandevolutionaryreactor products
the early2000s. The APWR is a coproduct are considered fourth, and fifth-generation
of five Japanese utilities, Westinghouse, designs with modular shipyardconstruction
and Mill. Because Mitsubishi ke/retsu being used to decrease construction times
companies took part in the development, and on-site construction requirements.
they consider the APWR a product of the This section will focus on all three design
Mitsubishi keiretsu. The technical role and generations. First- and second-generation
the financial role of the Japanese utilities reactors are only of historical interest
in the development of the APWR are very because there is no current market for
significant. They include participation in sales.
the development of performance goals; the
establishment of verification procedures; The third generation of Mitsubishi PWR
and review and comment on the results of designs are currently in use: Three units
design, analysis, tests, and evaluations are in operation, and four units are under
conducted by Westinghouse andMHI. The construction. These current PWR reactors
development of the APWR is considered were developed as improved designs of
complete; therefore, it is ready for Mitsubishi's second-generation reactors.
construction. They represent the latest commercially

available PWR reactor technology in
MHI is currently developing the MS-600 Japan-with three basic models designated
and MS-1200 as candidate designs for what for export to other countries. The
could be called its fifth generation of principal design parameters of these three
PWRs. It is not clear what joint-venture third-generation export models are given in
design, construction, or marketing Table 3.4. Similarreactor core and coolant
approaches will be used, or explored, with system designs are used in all three
this generation of reactors. This work is reactors with improvements in steam-
being done independently of Westinghouse generator design and with control systems
and any other foreign suppliers, andturbinedesigns being incorporatedinto

the larger four-loop reactor.
The APWR is an evolutionary-type reactor,
based on conventional PWR technology. Advanced Premmized Water Reactor
The MS 600- and1200-MW(e) reactors are
hybriddesigns combining passive and active The fourthgeneration ofMitsubishi PWRs
technologies. Mitsubishi plans to offer consists of the APWR, which was
both designsto satisfythe customers' developedas a partof Japan'sMITI's
preferenceandthemarketneeds. StandardizationProgram forlight-water

reactors(LWRs). The APWR was
developed through an international
cooperativeprogramthatincludesMHI,
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Westinghouse Co., and five Japanese adopted a digital control and protection
electric power companies (Kansai Electric system throughout the plant with
Co., Kyushu Electric Co., Shikoku Electric application of human factors technology to
Co., Hokkaido Electric CO., and Japan improve the man-machine interfaces.
Atomic Power Co.). The APWR
development program was started in 1982 MS Reactor - _ Fifth Generation Plant
and completed in 1987. for the Next Centuff

The APWR is a 1,350-MW(e) nuclear The fifth generation of Mitsubishi PWRs
power plant designed to be used in the involve majordesign changes in contrast to
next decade. The design and development the evolutionary changes among the first
of the APWR is considered complete, and four generations of power plants
commercial operation of the first units are (Table 3.4). This is the first generation of
expected to begin around the year 2000. Mitsubishipower reactorswithout historical
The objectives of the APWR include foreign partners and, hence, reflects
design simplification,enhanced availability, Japanese design philosophies. Conceptual
improved ex,onomics, enhanced safety, and designs have been completed for the
simplification of reactor operations and Mitsubishi Simplified Pressurized Water
maintenance. Reactor (MS-PWR) in both a 300-MW(e)

(M$-300) and a 600-MW(e) (MS-600) size.
The overall building volume has been Conceptual design of a 1200-MW(e)
reduced by using a more effective plant reactor is being initiated.
layout and advanced structural designs.
Fuel costs have been reduced over 20% by Recent design work, already advancing
decreasing the core power density, beyond the conceptual stage, has focused
installing a radial neutron reflector around primarilyon the MS-600 design. MHI has
the core, and applying more effective begun a more detailed design and testing
moderator control to generate and phase that will continue through 1996.
subsequently burn more plutonium in the The design objectives are to develop a
fuel. A larger fuel assembly grid reduces plant that has improved safety, better
power density and allows for a high-burnup economy, and higher reliability. To meet
fuel design and improved reliability, these objectives, the MS-600 design uses
Further simplifications in core internalsand horizontal steam generators, a low-power
control rod drive mechanisms improve density core, top-mounted in-core
operational reliability, instrumentation, passively cooled drive

mechanisms for the control rods, and a
Redesigned reactor vessel components hybrid safety system.
prevent uncovering of the core during a
loss of coolant accident (LOCA) with The MS series uses a new hybrid reactor
increased water inventory in the upper core safety system that reflects Japanese design
area to enhance core cooling under such philosophies for high levels of safety and
accident conditions. Increased redundancy very high plant lifetime reliability. All
and independence in the emergency core current power reactors use active safety
cooling system improve reactor safety systems that include diesel generators,
substantially. Finally, the APWR has pumps, motors, and control systems to



Table3.I PrincipaldesignpmametersofMitsub_ PWR nuclearpowerplants

Current PWR Advanced PWR EvolutionatT technology
designs design (APWR) PWR designs (MS series)

Design parameters (3rd generation) (4th generation) (5th generation)

Electrical power [MW(e)] 700 1,000 1,250 1,350 300 630

Thermal power [MW(t)] 1,994 2,910 3,582 3,839 854 1,825

No. of coolant loops 2 3 4 4 2 2

Fuel assembly type 17 by 17 17 by 17 17 by 17 19 by 19 14 by 14 15 by 15

No. of fuel assemblies 109 157 193 193 121 157

Accumulator type Conventional Conv. Flui_c design_

Steam-generator type Vertical-60F Vertical-60F Vertical-52F Vertical-65F-1 Horizontal, U-Tube typeb t.o

No. of steam generators 2 3 4 4 2 2 ,

Steam-turbine type TCAF-44 TC4F-44 TC6F-52 TC6F52 TC2F40 TC4F40

Safety-systemdesign Active Active Active Active Active & passive

Containment vessel Cylindrical prestressed concrete containment Cylindricalprestressed '.,reel primarycontainment

descriptions with hemispherical dome and carbon-steel concrete containment with concrete-filled, steel
liner. Four-loop design has option for hybrid with hemispherical dome secondary containment."

high-te_i!e steel containment, and carbon-steel liner

*Containment design optimized for fabrication of major subsections in shipyard.
bThefluidic aommulators and horizontal steam generators represent innovative design aspects that are significant improvements over

conventional Western PWR designs.
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ensure safety. In an emergency, these water damage would be significant and
systems must start up and continue would delay the opening of the facility.
operation for an extended period of time.
Evolutionary technology reactors under The MS series are the first PV_ outside
development, such as the Mitsubishi MS the FSU designed with horizontal steam
series, the Westinghouse Advanced generators. Vertical steam generators have
Passive-600, and the General Electric Co. historically been the least reliable, most
simplified boiling-water reactors (BWRs) troublesome component in nuclear power
have semipassive safety systems. All of plants and responsible for more reactor
these semipassive systems follow from a downtime than any other cause. Changing
series of inventions and development work the orientation of the steam generators
by ABB in the early 1980s. These systems fromvertical to horizontal eliminatesmany,
must be started up (open valve etc.) in an but not all, problems. Horizontal steam
emergency, but they are passive in generators, when compared to the more
operation. They do not require operation common vertical designs, offer a number of
of active equipment such as motors and advantages such as the elimination of
pumps and, hence, should be more reliable sludge buildup on the tube plates,
with better safety and lower costs than increased resistance to seismic events, and
earlier plants, significantly enhanced natural circulation

cooling under accident conditions. The
The MS series is unique in that it contains enhanced natural circulation is a result of
a small, active safety system and a large the horizontal arrangement of the steam
semipassive safety system. The large generators that prevents gas bubbles from
semipassive safety system can handle all forming in the U-tubes and blocking the
accidents and is conceptually similar to flow.
advanced designs by other reactor vendors.
The small active safety system is designed The MS series of designs with no foreign
to handle small incidents and accidents that partners is fully optimized for shipyard
can be realistically expected to occur over construction. This andother characteristics
the lifetime of a number of power plants, makes it much more suitable for export
An example of such an accident is a single than earlier reactor designs.
tube failure in the steam generator. The
rationale for the small active safety system
is that it allows a measured response that
simultaneously ensures safety while
minimizing auxiliary daniage. If the active
safety system fails or the accident is too
large, the large semipassive safety system
takes over. It is similar to the concept of
the fire department's fighting small fires
with a fire extinguisher, while the fire truck
with high-pressure water hoses is standing
ready to assist. The firemen using the fire
truck can put out the fire, but the auxiliary



4. THE _RS AND THE • Utilities worldwide are considered
UTILrrlES monopolies and, thus, are regulated by

the government at different levels.
Utilities have a regional emphasis.

4.1 OVERVIEW
There is an important characteristic to

The Japanese electric utility industry Japanese utilities that does impact nuclear
consists of nine privately owned electric power. Historically, each Japanese utility
utility companies, a number of smaller has bought nuclear and other types of
public utilities owne-I by local autonomies, power plants from the same vendor over a
and three special-purpose utility systems, period of decades. The Japanese utilities
At the end of 1992, Japan had 42 nuclear are partners with their chosen vendors.
power plants in operation and producing a
net electrical output of 32,044 MW(e) and
another 12 units under construction or on 4.2 JAPAHESE ELEC'IRIC
order which would increase the nuclear-

generated electrical output to The Electric Utility Law of 1964 governs
43,716 MW(e)[American Nuclear Society Japan's electric power utilities and their
(ANS) 1993]. activities. The law effectively permits the

country's nine regional electric power
Total electricity production in Japan was companies to monopolize the retail sale of
over 152 GW(e) in 1992. Nuclear power electric power in their respective service
contributed about 21.4% of the total; and areas, but it also regulates the electric
hydroelectric, 13.4% of the total; the power rates to ensure equitable pricing.
remaindercoming from thermal production
(coal, natural gas, and oil). A summary of the Japanese electric utilities

is given in Table 4.1, which shows the total
The utility structure of Japan reflects electric capacity in MW(e) by fuel type and
common features of Japanese business the percent of nuclear electric capacityfor
culture, but in a somewhat different form each utility. The first nine utilities are
because of the constraintof being a utility, privatelyowned andsell electricity at retail;
These constraints apply to electric, the last three are special-purpose utilities
telephone, and railroad utilities. The and sell electricity at wholesale to the
constraints include the following: private utilities.

• Corporate size andlocation are defined The nine privately owned utilities produce
by geography. Utilities, by definition, over 91% of Japan's total electricity. A
serve a specific area, whereas other listing of all the Japanese nuclear plants by
companies can build their facilities electric utility is shown in Table 4.2. The
anywhere in the country. A utility's Japanese utilities are among the largest in
customers are predetermined. It is not the world. The three largest Japanese
a matter of choice to whom it sells its utility companies--Tokyo Electric, Kansai
product. Electric, andChubaElectric-groduce 42.3,

29.4, and 21.0 GW(e)/year, respectively.
This accounts for 61% of Japan's total

4-1
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Total electric Nuclear electric

Utility .Rrne _pacity [MW(e)] capacity(%) Nuclear Coal _ H_'oelectric

Utilities with BWRs

Chuba Electric Power Co. 20,969 11.83 2,480 0 15,274 1,961

Chugoku Electric Power Co. 8,897 14.39 1,280 1,000 3,125 1,523

Hoimriku Electric Power Co. 3,954 0.00 0 0 2,162 502

Tohoku Electric Power Co. 10,058 5.21 524 2,850 5,890 460

Tokyo Electric Power Co. 42,335 26.68 11,296 0 26,686 3,938

Utilities with PW'I_

Hokkaido Electric Power Co. 4,415 26.23 1,158 950 0 300 "_'l
I',,o

Kansai ElectricPower Co. 29,426 29.19 8,588 422 17,369 3,943

Kyushu Electric Power Co. 13,299 21.79 2,898 1,012 7,427 1,280

Shikoku Electric Power Co. 5,401 20.96 1,132 0 2,624 600

Other organizations

Electric Power Development Co. 10,251 0.00 0 3,300 0 5,925

Japan Atomic Power Co. 2,783 100.00 2,783 0 0 0

Power Reactor & Nuclear Fuel 428 I00.00 428 0 0 0
Develop__tCorp.



Ta_ 4.2 _me_ _ p_m 'V_ u_ (return,under_ init_)
m

Net electrical

capacity [MW(e)] Reactor

Utility name Plant name Plant type vendor operation

Chuba Electric Power Co. Hamaoka 1 515 BWR Teadlm 3/76

Hamaolm 2 806 BWR Te_'oa 11/78

Hamaoka 3 1056 BWR Te_lm 8/87

Hamaoka 4 1092 BWR Toshiba 9/93

Chugolm Electric Power Co. Shimane 1 439 BWR Hitachi 3/74

Shimane 2 790 BWR Hitachi 2/89

Hokkaido Electric Power Co. Tomari 1 550 PWR MHI 6/89

Tomari 2 550 PWR MHI 4/91 It.o

Hokuriku Electric Power Co. Shika 1 513 BWR Hitachi 7/93

Japan Atomic Power Co. Tokai 1 129 GCR GEC 7/66

Tokai 2 1056 BWR GE 11/78

Tsuruga 1 340 BWR GE 3/70

Tsuruga 2 1115 PWR MHI 2/87

Kansai Electric Power Co. Mihama 1 320 PWR Westinghouse 11/70

Mihama 2 4.70 PWR MHI 7/72

Mihama 3 780 PWR MHI 12/76

Takahama 1 780 PWR Westinghouse 11/74

Takahama 2 780 PWR MHI 11/75

Takahama 3 830 PWR MHI 1/85



Net eicctrk:al
capacity[MW(e)] ee_t

Utility _c plant name Planttype vendor

Takahama 4 830 PWR MI-II 6/85

Ohi 1 1120 PWR Weae_x_e 3//9

Obi 2 I_20 PWR W_

Ohi 3 1127 PWR MHI 1291

Ohi 4 1127 PWR MHI 2/93

Kyushu Electric Power Co. Genkai 1 529 PWR MHI 10/75

Genkai 2 529 PWR MHI 3_1

Genkai 3 1127 PWR MHI 3194 .e.!

Genkai 4 1127 PWR MHI 7197 "_

Sendm 1 846 PWR MHI 7/84

Sendal 2 846 PWR HI 11_5

Power Reactor & Nuclear Fuel Fugen, ATR 148 HWLWR HitachYMHl/ 3/79

Development Corp. SHI/Fuji

Mon]u 280 LMFBR ToshibalH'mtchilMH 7193lly#i

Sl_a3ku Electric Power Co. Ikata 1 538 PWR MHI 9177

Ikata 2 538 PWR MHI 3182

Ikata 3 846 PWR MHI 5/95

Tohoku Electric Power Co. Onagawa 1 497 BWR Toshiba 6/84



Net electrical

capacity[MW(e)] Reactor Cmnnercial
Utility name Plant name Plant type vendor operation

Onagmm 2 796 BWR Toshiba Yj95

Maki I 796 BWR TBD 3/2002

Tokyo Electric Power Co. Fukushima Daiichi 1 439 BWR GE 3/71

Fukushima Daiichi 2 760 BWR GE 7/74

Fukushima Daiichi 3 760 BWR Toshiba 3/76

Fukushima Daiichi 4 760 BWR Hitachi 10/78

Fukushima Daiichi 5 760 BWR Toshiba 4/78

Fukushima Daiichi 6 1067 BWR GE 10/79 _ .
t

Fukushima Daini 1 1067 BWR Toshiba 4/82 _.

Fukushima Daini 2 1067 BWR Hitachi 2/84

Fukushima Daini 3 1067 BWR Toshiba 6/85

Fukushima Daini 4 1067 BWR Hitachi 8/8"7.

KashiwazakiKariwa1 1067 BWR Toshiba 9/85

KashiwazakiKariwa2 1067 BWR Toshiba 9/90

g.e.qmva_d Kariwa3 1067 BWR Toshiba 7/93

Kashiwazald16z_m 4 1067 BWR H'_c.hi 7194

KashiwazakiKariwa5 1067 BWR Hitachi 4490

Kashimo.aki Ka6w_ 6 1315 BWR GE/Toshiba 7/96

Kashiwazaki Kariwa 7 1315 BI4ff¢ GEIH'uachi 7197
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electricity. Their production of electricity prototype advanced thermal reactor
from nuclear power plants is 11.3, 8.6, and (ATR), which is a heavy-water
2.5 GW(e)/year, respectively. For moderated/light-water cooled, pressure-
comparison, in the United States, there are tube-type reactor; and the 280-MW(e)
many smaller private and public utilities. Monju prototype liquid-metal fast-breeder
There are 47 U.S. nuclear utilities large company (LMFBR), which is scheduled to
enough to be listed by the ANS in its start operation in 1994. These three
biannual listing of nuclear reactors (ANS organizations produce <9% of the total
March 1993). The three largest U.S. Japanese electricity capacity.
electric utilities--Tennessee Valley
Authority (TVA), Commonwealth Edison The utility regulatory structures of Japan
Co., and Texas Utilities Electric andthe United States are different. In the
Co.--produce 30.8, 25.4, and United States, there are state-level public
21.1 OW(e)/year, respectively. Note that utility commissions that provide rate
the largest U.S. electric utility, the regulation of nuclear and other power
government-owned TVA, is about a third plantsoperated by investor-owned utilities.
smaller than the largest Japanese utility, U.S. government.owned utilities and rural
Tokyo Electric. Only the 4 largest U.S. electric co-operatives are nonprofit
electric utilities produce over enterprises that are self-regulated.
20 GW(e)/year, and most individual U.S. However, in Japan, there is no state, (or
electric utilities produce between 5 to prefecture) regulation. Electricity rates in
15 GW(e)/year. Japan are governed at the national level by

the MITI.

There are three special electric generating
organizations that have different functions. Aca_rding to MITI, the official projection
The ElectricPower Development Company for Japan's nuclear power growth is an
promotes the development of large-scale increase to 72,500 MW(e) by 2010; this
hydroelectric and coal-fired thermal plants, amounts to an average yearly growth of
The Japan Atomic Power Company 2,000MW(e) from the current nuclear
(JAPC) was chartered to promote the safe production. Other groups have postulated
use of nuclear power in Japan. It less optimistic projections for nuclear
demonstrates new commercial nuclear growth--ranging from a low of
power technologies. It was originally 55,000 MW(e) to MITI's high of
created by the government but is now 72,500 MW(e)by 2010 [American Nuclear
jointly owned by the 9 private utilities and Society (ANS) February 1993].
the nuclear supply industry (see below).
JAPC owned the first commercial nuclear

reactor in Japan. That reactor started up 43 UTILrrY ECONOMICS
in 1966. Power Reactor and Nuclear Fuel
Development Corporation (PNC) is a Japanese utilities have historically
government corporation that is responsible supported the use of nuclear power.
for experimental power reactors. It Estimates are that nuclear power is
operates the 100-MW(t) experimental Joyo currently (Atoms September 1993) the most
fast breeder reactor (FBR), which began economic sourceofelectricity in Japan and
operation in 1978; the 148 MW(e) Fugen
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will remain (Atoms March 1991) as the smaller customersamongthem. For any
mosteconomicsource of electricpower, vendor,mostof its businesswillbe carried

out with one or two very knowledgeable
utilities. Under such circumstances,the

4.4 S'rRUC'HYRB OF VENDOR- vendor does not develop a productand
UTILrrY _TIONSIHPS then see if it canfindacustomer. Instead,

the vendor forms a partnership with the
The structure of Japanese industry utility. Similarly,the bigutilitiesrecognize
encourages partnership relationships thattheydominatethevendorbusinessand
between vendors and utilities. A will, in the end, pay most of the
comparisonof the structureof the U.S. and development costs of any new product.
Japanese utility-vendorrelationship can There is no set of 20 utilities buying
clarifythis. reactors with development costs spread

over a large number of utilities. The
The UeS. industrialstructure encourages megautility recognizes it is forming a
independent utility-vendorrelationships, partnershipwith the vendor.
The United Stateshas hundredsof utilities
with 47 utilities owning nuclear power Partnershiprelationshipsbetween vendors
stations. There are no dominantutilities, and customers is not unique to the
In part, this reflects the regulation of Japanese nuclear power industry.
utilities by state governments that Partnershiprelationshipsare common in
complicateoperationof multistateutilities, industrieswith (1) few customersand few
In addition, this reflects traditional vendorsand(2) highproductdevelopment
American political concerns about costs. In the United States, the
concentration of economic power and commercialaircraftmanufacturingindustry
utility trusts. For a reactor vendor, this (e.g., Boeing andMcDonaldDouglas)has
structure encourages the vendor to first hadsimilarrelationshipswithmajorairlines
develop a product and then sell it to when developingnew typesof commercial
multiple utilities. The utilities are aircraft.
individuallyrelativelysmall. This, in turn,
limitsthe technicaland financialinfluence
of a utilityon the vendor. 4.5 ROE OF UTILrrlES IN THE

DEVELOPMENT OF CO_CIAL
InJapan,the businessstructureencourages REAC'rORS
vendor-utilitypartnerships.There arenine
large utilities, regulated at the national Japanese utilities are partners with
level. Three of these utilities are Japanesevendors in developmentof new
megautilities--Tokyo Electric Power commercial power reactors. This
Company (TEPCO), Chubu Power partnership(Hansen 1990) includes both
Company, and Kansai Power Company. vendor and government(Table 4.3), each
Eachis sufficientlylargesuchthat it could of whichhas particularresponsibilities. A
buy or create its own vendor. With the noteworthy characteristic of this
sizecome highlevelsof technicalexpertise partnershipis the heavyutilityinvolvement
and financialpower. The threeJapanese in both planningand financingof R&D.
vendors have three big customersand six
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In recent years, the Japanese utilities have environment while the inevitable teething
provided (I) -$200 million per year for problems are remlved.
development of near-term commercial
LWR technology; (2)-$100 million per "The utilities have also, developed an
year for development of longer term future institutional structure to build large-scade
nuclear power options 0aigh-temperature nuclear power demonstration plants or
gas cooled reactors,ATRs, and FBRs); and lkst-of-a-kind commercial power plants. In
(3) $200 million per year for support of 1957, the Japanese Atomic Power
fuel cycles. During the development of the Company (JAPCO) was established to
APWR led by MHI, the five utilities using build Japan'sfirst nuclear power station-a
PWR technology and led by Kamai Power 160-MW(e) gas-cooled reactor (GCR),
Company paid for one-th/rd of the which is based on Br/tish technology at the
development costs. In the development of Tokai site. Since then, the utilities have
the advanced BWR (ABWR), four used JAPCO to build first-of-a.kind
consortium partners are officially listed: commercial power plants (JAPCO 1993).
Hitachi, GE, Toshiba, and TEPCO. The ownership of JAPCO is 90.42%
TEPCO played a majortechnical role in its utilities, 7.52% nuclear power suppliers,
development in addition to its financial and 2.06% other companies. This
support. These are very large numbers mechanism remains in place for utilities to
compared to funds provided by utilities work with vendors to demonstrate on a
elsewhere in the world to support their commercial scale new nuclear power
vendors, technologies. It is expected that the first

next-generation Mitsubishi APWR will be
This utilitysupport for nuclear power R&D built by JAPCO.
is only one component of a larger utility
effort to develop advanced technologies for
the utility industry. In FY 1993, total R&D 4.6 PURCH_.SE OF POWER _:
spending by Japanese utilities (Atoms ONLY ONE SUPPIJ]_
1993e) was -2 billion dollars (218.2 x
109yen) with about 0.Tbillion dollars Historically, each Japanese utility has
(77.6 x 109yen)for nuclear power. These bought only from its chosen vendor or
numbers exclude government and industrial vendors (Table 4.2). This applies to both
R&D. nuclear and conventional power plants.

When new technology is involved, foreign
Many economists argue the benefits of supplies will be used, but the utility's
strong vendor-customer partnerships in vendor will be involved in the project and
development of new industrialtechnologies normally obtain a license for the
(Kaijser 1992). The vendor in the technology.
partnership has the technical design and
construction experience. The customer Several Japanese utilities work with
provides (1) financial stability, (2) the multiple vendors. For example, TEPCO
detailed operating knowledge of design buysnuclear power plants from Hitachi and
requirements-what is important.and (3) an Toshiba. It is noteworthy that TEPCO's
industrial structure in which the first-of-a- recent purchase of two ABWRs
kind facility can operate in an industrial (Kashiwazaki 6 and Kashiwazaki 7)

r



4-10

involved one purchase from each of .its infrastructure MHI has developed to
vendors but that both plants are identical, ensure that there is a continual flow of

information to the R&D, design, and
This multidecade relationship changes how manufacturing people by the operating
the utility andvendor interact. The vendor people of the utility staffs. The joint
bejins to view the operating plants u his ownership of _ enhances the rotation
plants because he recognizes that he must of MHI, MAPI, and utility people to and
support plant operations for the life of the from this organization, thtts ensuring the
plant. He becomes part of the opemt/n$ development of personal relationships
utility team. If a plant goes down, the tint between people in Mitsubishi's design and
priorities are to repak the plant and then development sections with operating
to put it back on line. The hands-off people at the utility sites.
contractual issues (cost etc.) can be
addressedafter the immediate problem has In most Japanese power plants, the vendor
been resolved. The utility expects such is also the prime maintenance contractor
rapid response in return for being a loyal (l.ester and Crockey 1987; Hinman and
customer of the vendor. This type of I.awinger 1987). Up to 70% of the
relationship occurs in many small business maintenance work is done by the vendor.
relationships worldwide, but in Japanit has
been extended to involve very large
activities. 4.8 REACIDR PERFORMANCE

The performance of a nuclear power
4.7 _ OPERATIONS AND reactordepends upon the utilities andtheir
MAINTENANCE: UTI_FY-VENIK)R suppliers. Recent multinational
DIVISION OF RESPONSIBILITY comparisons (Hansen et al. 1990) indicate

very high performance for Japanese
The Mitsubishi Nuclear Power Training nuclear power plants (Table 4.4) compared
Center, Ltd. (NFI'C) is responsible for to those in most of the rest of the world.
operator training for PWRs. This is in
contrast to training operations in the There is one unique characteristicofhow
United States and many other countries Japan operates nuclear power plants. All
where operator training is primarilya utility Japanese nuclear power plants are shut
responsibility. The different mixof utility- down periodically for detailed maintenance
vendor responsibility requires as an initial and detailed inspection. The detailed
condition long-term utility-vendor inspections are one of the requirements of
relationships. This company, NPTC, is the Japanese regulatory authority (Atoms
jointly owned by MHI and Japanese January 1993; Horns 1993f). The
utilities. However, each utility company requirements of inspection and
has its own simulators and other related maintenance exceed those of other
facilities for operator trainingon its nuclear countries. This results in the plants being
power plant sites. The programsat these offline for -25% of each year.
facilities are closely coordinated by the Simultaneously,the down time of Japanese
Mitsubishi training center, NPTC. The reactors due to equipment failures is very
NPTC is an integral part of the low (1-2%)by world standards. The
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Japanese philosophy is to strongly
emphasize maintenance to assure that the
power plant operates with very high
reliability.
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Table 4.4. Measures of power w,actor pe_mmam:e by country'

,.., .,,, i ii.,,., ii .. , , i ,i, i ,. ii, iii, ii

Category Japan United States
,,, ,,,, ,,,,, ,,,, ,,, ,,,,, i i H i .... i j :ll i ii

Unscheduled shutdowns per reactor year 0.1..0.2 2.1

Average capacity factors, % 75% 65%

Premature fuel assemblies discharged per 0.15 1.6-3.8
reactor yearb

Maximum:31Iactivity in coolant, pCi/cm_ 10"s 5 x 10"s

Personnel radiation dose, man-rem/reactor 30 350-500
yearb

,i

'Based on 1987-1988 data. Note: U.S. performance has begun to improve in recent years.

bThese accomplishments reflect the very high fuel quality and the lowest fuel failure rates
in the world.



5. THE VHNIM_RS AND THE resulted in large-scale economic
JAPANESE GOVHRNMENT dislocations.

This support is through several
The Japanese government supports the mechanisms:
reactor vendors directly and indirectly
through a variety of mechanisms. These • In Japan, the national government
mechanisms strengthen vendor capabilities, provides economic regulation of the

utilities. This provides assurance to
the utilities of a return on investment

5.I POLITICAL SUPPORT in nuclear power plants. The
regulatory structure also defines

The most important support to the nuclear allowable expenses for R&D, and
power supply industry is the Japanese other purposes. This is in contrast to
government's policy to increase the fraction the United States, where state
of electricity generated using nuclear governments regulate utilities. With
power. The current plans include adding state- government utility regulation,
2000 MW(e) of nuclear electric generating national government energy policies
capacity per year through 2010. With this can not be easily supported via the
commitment, there is assurance of utility utility regulatory structure.
orders for nuclear power plants. With
markets assured, the vendors have the • The Japanese government provides
confidence that the products that they financial and other forms of assistance
develop will be bought by utilities. As a to local communities where power
practical matter, assured domestic markets plants are sited. Such assistance is fo_
are far more important than are all other selected hydroelectric, fossil, and
types of assistance together, and by nuclear power plants (Atoms August
themselves assure strong vendors. 1993; Atoms September 1993).

The Japanese government support for There is one other characteristic of the
nuclear power is based on multiple Japanese system that provides financial
considerations: (1) favorable economics of continuity of government support. There
nuclear power; (2) a lack of domestic is a three-fourths of 1% tax on electricity
energy resources (no oil, gas, coal, and for thespecial account for Power Resource
limited hydroelectric); and (3) a history of Development. This type of "trust fund"
energy shortage_. Strategic concernsabout ensures the long-term availability of
energy availability and the high cost of government financing.
earlier energy shortages have significantly
influenced policy. Domestic energy
shortages were a contributor to Japanese 5.2 SUPPORT OFCOMMERCIALLWR
expansion in the 1930s and 1940s that led TECHNOLOGY
to Japanese entry into World War II. The

early postwar environment saw severe Following the oil embargo of 1973, the
energy shortages. The 1973 oil embargo Japanese government initiated a series of

industrial cooperative programs to further
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nuclear power. These were organized by is through the Science and Technology
the MITI, which is responsible for research Agency (STA). Within the STA are the
with the goal of commercialization. These Japanese Atomic EnergyResearch Institute
activities were implemented by the (JAERI) and the PNC. While MITI and
NUPEC--a government-sponsored STA objectives are separated by time-scale
organization reporting to the Agency of (short-term vs longer term), in fa.ct, STA
Natural Resources and Energy, which in does significantwork that assists near-term
turn, reports to the MITI and, hence, to LWR development.
the Japanese cabinet. NUPEC's stated
objectives are to

• "Help improve and develop nuclear
power technology through test and
development for research, improving
on and confirming safety andreliability
of nuclear power generations
equipment."

• "Help set up of consensus among the
public concerning use of nuclear power
as an energy source through public
relations activities in order to help
develop a sound Japanese economy
and help stabilize and improve the
living standardsof Japanese people."

NUPEC has built and now operates very
large-scale test facilities to test the
reliability and safety of nuclear power
equipment. It also conducts generic large-
scale tests. Such activities clearly assist
both evaluation of safety (regulation) and
vendor development of new technologies.
The current budget is approaching
25 billion yen/year ($_0 million/year).

5.3LONO-TERM RESEARCH

The Japanese government supports large-
scale, longer-term energy R&D programs.
This includes support for breeder reactors
and fusion. Such research provides long-
term assistance to industry, but not short-
term commercial assistance. This support



6. COMPARATIVE STRENGTHS AND dollar commitments. These are major
POTHN'HAL WF_AKN/_SF_.SOF expenditures in any economy. In France

JAPAN'S RF_ACIDR _RS ON and Canada, the government-owned
THE INTERNATIONAL MARKEr utilities, combined with strong government

involvement with vendors, m/nim/ze these
problems. In the United States, small

The Japanese nuclear power industry has utility sizes often put the issue in the
both unique advantages and disadvantages category of "betting the company" on the
(Lestcr 1993) for export of nuclear power success of the project because net worth
technology, and/or annual budgets of many utilities are

not large compared to the multibillion
dollar cost of a new plant. In Japan, the

6.1 ADVANTAGHS IN EXPORT individualutilitysizes are quite large; so, a
MARKEr .... new plant commitment is a significant/ssue,

but not a "bet"the company would risk.
6.1.1Industr_ Bssc

In smaller andless dcvelope_ countries, the
Japan has the largest nuclear power cost of a power plant can be a major item
research, development, engineering, and in their national budgets. It is for these
construction industries in the world with a reasons that the financing of a new power
worldwide industrial reputation for plant is not only a major issue but also
excellence. They are world leaders in possibly a totally dominating political and
commercial nuclear power technology, economic issue. The technical factors
There are no questions about competence associated with a power plant design
and capabilities, selection are sometimes relegated simply to

accepting the designs of previously built
6.1.2 Current and Planned Reactor plants that have respectable performance.
Products Therefore, the power plant supplier's

ability to support and/or totally manage the
The Japanese utilities have historically financing of a new plant project is a major
preferred large nuclear power plants to factor in obtaining new business. Financing
minimize costs and siting difficulties. The is a dominant prerequisite for both
vendors have programs to develop smaller companies and countries that are
reactors (Sect. 3.2.2). These have limited considering the construction of a nuclear
applicability in Japan. The development of plant. This is true for most foreign power
power reactors of different sizes will allow plant markets.
Japanese vendors to compete in different
markets worldwide, with different In Japan's keiretsu system, the banks,
requirements for nuclear reactors, insurance companies, and trust companies

play a major role in the control,
6.1.3 Nuclear Plant F'maneing management, and financing of the keiretsu

companies. The structure/system required
The financing of nuclear power plants is a to develop the financial plans for utilities
major issue in all parts of the world and countries is in place and operating in
because new plants require multibillion organizations, such as the Mitsubishi
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Group. The cost of a nuclear plant ($2, 3, export eliminated. The vendors are legally
or 4 billion) is not large compared with the independent of industrial licensing
$300-billion yearly revenues of the restrictions.
Mitsubishi group. There are a limited
number of countries besides utilities,
construction companies, or reactor 6.2 DISADVANTAGES IN EXPORT
suppliers who can provide the sufficient MARKET
financial depth necessary to compete with
this strength. 6.2.1 Japanese Utilities

6.1.4 Modular Shipyani Construction The single largestexport constraint are the
Japanese utilities. In Japan, the utilities

Japan, for historical reasons (see Sect. 2.6), and vendors are permanent partners, with
has led the world in construction of nuclear the utilities supplyingmuch of the research
power plants using modules built in and development funding to the vendors.
shipyards. The system has been optimized Obligations go both ways. The utility
for building reactors on ocean coasts in concern is, "what happens if a Japanese
Japan. These are the same conditions that nuclear power plant is exported andhas an
would apply for most future reactor sites accident7" This could reflect on the design
around the Pacific rim. of Japanese power plants with increased

domestic opposition to nuclear power. The
For power reactor exports to newly utilities have both a large investment in
industrialized countries, modular shipyard nuclear power and believe that it is the
constructionhas the usualbenefits found in lowest-cost energy source to generate
industrialized countries, plus minimization electricity.
of skilled field labor and minimization of a
local infrastructureto supportconstruction. 6.2.2 Japanese HistoD,
The experience base in these design and
construction techniques provides the The dominant market for nuclear power
Japanese nuclear power industry a plants in the 1990s is the Pacific Rim
competitive advantage. The actual shipyard (South Korea, Taiwan, China, Indonesia,
modules could be built in shipyards in etc.). There are very strong historical
countries with lower costs (South Korea animosities between most of these
etc.). The competitive skill is how to countries and Japan. Japan today is the
design andfield-assemble shipyardmodules dominant trade partner in the Pacific Rim
into power stations, because of its advanced technology and

economy. Business self-interest has usually
6.1.5 Legal Constraims overcome history. It is, however, still a

constraint--particularly for potentially
Japanese vendors are not legally controversial, high- visibilitytechnologies.
constrained in the export of nuclear power
technologies. The Japanese vendors were 6.2.3 Fuel Cycle Support
originally licensees of U.S. vendors. In the
early 1990's these licensing agreements Historically, fuel cycle services have been
were renegotiated withmost restrictions on sold with power reactors. Japan has a
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large capability to fabricate power reactor power exports make it a less desirable
fuel and is starting up enrichment facilities export than many other products.
to produce enriched uranium for power
reactors. Twenty years ago, this was a
decisive competitive export advantage. It is 6.3 IMPIJCATIONS FOR HXPORT
less of an advantage today because of the
excess capabilities .,'_ nuclear fuel cycle The large size of the Japanese research,
facilities worldv_::= With the end of the development, engineering andconstruction
cold war and conversion of Russian, U.S., nuclear power programs implies major
and British military fuel cycle facilities to influence in three areas: components
commercial application, it is becoming a supply, engineering, and complete plants.
minor disadvantagenot to be able to offer The Japanese suppliers are rapidly
all fuel cycle services, becoming major component suppliers

worldwide. It is likely that within a decade
6.2.4 Nonproliferation the situation will be similar to the

electronics industry. It is difficult to find
The Japanese government has historically electronic equipment worldwide that
been concerned with nonproliferation doesn't have some Japanese parts. The
because of its own unique history. This same is true of the nuclear power industry.
places some constraintz on exports.

In plant design, the Japanese are becoming
6.2.5 Economics and Currency the dominant influence. Because most of
Fluctuations the commercial nuclear power market for

new facilities is in Japan, Japanese
The value of the Japanese currency has organizations lead in these areas. For
steadily increased in the past decade, thus example, the ABWR is a joint effort of GE
making Japanese products more expensive (U.S.), Hitachi (Japan), and Toshiba
and less competitive. Simultaneously, (Japan). The development of the APWR
continued trade imbalances with other was a joint effort between Mitsubishi and
countries are a majorsource of economic Westinghouse (U.S.). Because most of the
and political conflict. Economic marketis in Japan, most of the engineering
competitiveness can be partly addressed in is in Japan. The reactor designers
export markets by offshore fabrication of emphasize those design features desired by
many nuclear plant components with Japanese utilities. The ABWR will
engineering and high technology probably be built in multiple countries by
components produced in Japan. different vendors, but much of the basic

design will be done by or reflect Japanese
The political dimension of economic design philosophy.
competiveness raises different constraints.
The Japanese government has negotiated Japan will likely export entire nuclear
various economic agreements with different power plants. Japanese vendors have
countries. Such agreements involve trade- begun to bid on providing full nuclear
offs-_hich Japanese exports should be power stations. This is _ ve_g_recent
encouraged: electronics, cars, nuclear development (within the last 3 years).
power equipment, etc. The risksof nuclear There are, however, interna!, Japanese
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constraints that will limit when the ?.S-yeartechnical cooperation agreements
Japanese vendors will lead an international in nuclear energy by another 10 years
consortium to build a foreign nuclear (Nuclear Plant Journal). The agreement
power plant, included the Japan Nuclear Fuel

Company--a jointly owned company of the
It is important to note that most nuclear three parent companies.
power plants that are exported are sold by
international consortia of multiple In recent years, the HGET group has been
suppliers. This allows a supplier to be a developing the ABWR. This effort has
major supplier without the lead role--the i n c Iu d e d t h e f o u r t h m a j o r
prime contractor. The prime contractor partner--TEPCO, which is the world's
does not necessarily have most of the largest privatelyownedutility. The ABWR
business associatedwith a foreign sale. For was clearly developed to meet the
many countries, Japanese vendors will requirements and needs of TEPCO, which
become the major suppliers, but not the has ordered and is currently constructing
lead vendor, two ABWRs. In the United States, GE is

in the process of having this reactor
licensed by the U.S. Nuclear Regulatory

ft.4 _ JAPANESE VHNI_RS Commission for use in the United States.
It is noteworthy that the reactor has many

Japan has two vendor groups. As components designed to Japanese
previously discussed (Sect. 6), the standards.
Mitsubishi group is led by MHI. The
group sells PWRs with the technology The ABWR is also being offered for
originally licensed from Westinghouse foreign non-U.S, and non-Japanese sales.
(U.S.), but now being developed The decision as to which partner will bid
independently. The second group consists on a particularforeign bid is determined by
of three vendors: Hitachi (Japan), OE which HGET partner has the greatest
(U.S.), and Toslu_a (Japan)--HOET. potential for winning the bid. This
These vendors sell BWRs with the advantage depends upon a variety of
technology originally licensed from OE. technical, political, and financial factors

that are country-dependent. The strong
The HOET alliance involves long-term involvement of TEPCO will strongly
relationships amongthe three companies in influence these decisions.
manyareas of industrialtechnology beyond
nuclear power (Kano October 1993). The The JapaneseHGET partners are members
General Electric-Toshiba partnership of keiretsus and have many of the same
started in the 1920s; thus, the nuclear characteristics of the Mitsubishi keiretsu.
power agreements must be considered as The major differences between the
only part of a largerpartnership (Schlender Mitsubishi group and HGET is that
1993). In Japan, Hitachi and Toshiba are because of historical factors, HGET has a
considered separate vendors, but it is foreign partner (GE), which provides an
noteworthy that many products in the alternative approach for foreign sales.
nuclear area are identical. In 1992 the

three companies agreed to extend their



7. CONCLUSIONS linkages between vendors and utilities, that
is a major factor in the success of the
domestic nuclear power program, is

Japan has the largest nuclear power plant simultaneously the largest constraint on
construction program of any nation in the exports of entire power plants. This
world, and Japan has the largest private constraint is not as significant of a barrier
utilities in the world. These utilities have for supply of component parts, technology
the financial, technical, and managerial transfer, or joint partnerships where the
resources to support the largest nuclear "lead"partner is not a Japanese company.
power construction program. Japan is
totally dependent on foreign-energy There are two reactorconsortium.s: HGET
sources; with only a fifth of its electricity and Mitsubishi. The HGET consortium
currently being generated by nuclear has the largest marketshare in Japan. This
power. It has major incentives to build is partly because the utilities associated
more nuclear power plants to minimize with HGET have been more successful
energy costs and to have higher assurances recently at siting nuclear power stations.
of energy supplies. Japan has an excellent Mitsubishi is the largest single reactor
nuclear power operating record and has vendor in Japan and historicallyhas been a
maintained low-cost nuclear power, major exporter of heavy industrial

equipment. Difficulties in power reactor
The Japanese vendors are members of the sitings have limited sales. It has become
world's largest industrial groups--the the leading Japanese reactor vendor in
Japanese keiretsus. The vendors, by terms of exports.
themselves, are among the world's largest
corporations. The utilities and the
government financially support the vendors
in the development of nuclear power
technology. The Japanese ',endors
together have more recent experience in
building nuclear power plants than has any
other country. They are leaders in nuclear
power plant technology.

The Japanese reactor vendors have recently
begun to enter the world market. Given
the extraordinary domestic strength of the
Japanese vendors, it is reasonable to
conclude that they will become one of the
dominant suppliers in the export market
unless they are limited by political factors.
The major limitation is the concern by
Japanese utilities of the domestic political
consequences of a nuclear power reactor
accident at Japanese designed power plant
outside Japan. The extraordinarily strong
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B.1 TIlE EVOLUTION OF JAPANESE modernization program using slogans with
BUSINF._ CULTURE broad appeal such as, "civilization

enlightenment" and "rich country and
Most major Japanese companies are strong army." Even the name chosen by
members of large organizational groups the emperor reflected the climate of the
that have histories that go back to the times: Meiji means "enlightened rule."
1800's. Initially,these groups were business
families, or zaibatsu, that developed large The prime movers calling for the changes
and strong organizations. Today's version were businessmen, merchants, and traders
of these organizations are more loosely who recognized the isolation policies of the
connected business groups known as Tokugawa regime as having a smothering
keiretsu. The evolution of these corporate influence on the growth of Japan'sindustry
families, zaibatsu, keiretsu, or groups has and trade. Local laws restricting travel,
played a majorrole in the evolution of the shipping, and the construction of ocean-
Japan's economic system and political going vesselsexisteduntil1853. Therefore,
structure. The continued existence of these there was no infrastructure to support
groups over such long periods of time shipbuilding, shipping, or the
indicate that they are deeply embedded manufacturing of industrial equipment.
within Japanese culture. This Appendix This also meant that there were virtually
provides some history of these groups, no people with industrial experience or the

capability for managing complex projects.
Japan's government changed from a feudal
system to a centralized government in the During this period, it was clear that if the
middle of the nineteenth century. The required modernization were to occur
trend to centralize the Japanese quickly, technology had to be imported.
government started in the 1830s and Such a step required foreign currency from
ultimately led to a palace coup in the export of large quantities of domestic
January 1868 when a group of anti- products (primarily tea, spices, silk, textiles,
Tokugawa court nobles, led by Iwakura and saki). It was also evident that the
Tomomi, overthrew the existing foreign trading companies and shipping
government. This group of revolutionaries companies were in the key positions that
declared the shogunates abolished, controlled the flow of exports and the
confiscated the land, and supported the profits for Japanese merchants.
emperor as the formal leader of the
country. The strength of the new emperor In the 1850s, a Russian frigate sunk off the
Meiji was established and consolidated by a coast of Japan and was rebuilt by Japanese
brief civil war (The Boshin War). The new bakufu (local government) workers who
emperor was only nominally in control by were supported with funding and technical
1868; by 1870 work was started on the guidance from Russia. The bakufu
development of a constitution. A final immediately proceeded to build ten more
draft of the "Meiji Constitution" was ships of the same type. In 1857, a small
available in 1888 and by 1890 the steamer was built in the Nagasaki Yard
government was generally operating under with the help of Dutch engineers. With
the new constitution. Political leaders of this experience and the help of French
the period implemented a broad engineers, a steam gunboat, the Chiyada,
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was then built in a shipyard at Yokosuka. government was installed and continued
This series of projects provided the base until the zaibatsu were disbanded by
for developing Japan's manufacturing General MacArthur in 1945. At that time,
capability as well as its shipbuilding all the large zaibatsu, including Mitsui,
industry. Mitsubishi,and Sumitomo, were disbanded.

When the Meiji government took over, it In 1950, many of the restrictions on
confiscated han and bakufu facilities at business in Japan were lifted, and
Nagasaki, Hyogo, Yokosuka, and organizations developed along lines of the
Ishikawajima. It was during this period that old zaibatsu. These new groups were
the business andmerchant familiesacquired called, and still are called, keiretsus. They
major facilities through government operate with most of the traditional
transactions. The families of Mitsui, approaches; however, because they are
Iwasaki (Mitsubishi), and Sumitomo gained publicly owned, many of the constraints
their strength by expanding from basically that the zaibatsu family domiaation
traders to managers of multiple industrial imposed on the older organization no
companies that expanded in all directions longer apply.
and were tied together as zaibatsus.

The keiretsu system has served the
During the periods around 1894, 1904, Japanese business community effectively
1918, and 1940, the zaibatsusgrewstronger over the past 40 years. Japan is now
by supporting Japan with a flow of military undergoing new political changes. Given
equipment for the Sino-Japanese War, the previous history of >100 years, it is
Russo-Japanese War, World War I, and reasonable to project that the keiretsu will
World War II. Between the wars, they change as Japan changes, but remain as a
reduced staffs and closed facilities, but unique Japanese economic organizational
continued to develop and maintain a stable approach.
growth of core companies and the people
who were members of the zaibatsu. A
tradition of developing suppliers and B2 IHSIDRY AND EVOLUTION OF
customers, ensuring their financialsupport, MITSUBISHI KEIRETSU
and demanding performance from
companies of thezaibatsu was nurtured and In 1868 the new Meiji government
maintained, established a series of corporations as a

part of its industrial modernization
Similarly,the traditions of supporting long- program. Most of these newly established
term employment, education of employees, companies were subsequently purchased at
and the development of strong personal attractive prices by powerful Japanese
relationships between government and families: Mitsui, Sumitomo, and Yasuda.
business associates was developed. The Mitsubishi's founder, Yataro Iwasald, in
logic of maintaining contacts with 1870, acquired Tsukumo Shokai, the
government leaders, reliable suppliers, official Tosa shipping company, and in a
major customers, and maintaining lifetime few years changed its name to Mitsubishi.
employees began at the time the zaibatsu Shortly thereafter, Mitsubishi was selected
were formed. This started when the Meiji by the government to provide the ships for
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an expedition to Formosa andsubsequently The zaibatsu structure significantly
received government funding to ensure a contributed to the strengthening of Japan
competitive position in world shipping for and its ability to demonstrate world-class
Japan. _ousinessand industrial capability. As one

of the victors of World War I, Japan
By 1880, Mitsubishi was expanding at a gained additional world status. Mitsubishi
rapid rate, it had moved into the was oneofthelargestzaibatsuparticipating
warehouse business, developed a maritime in Japan's development as a major player
insurance company, acquired the in post-World War I world trade. In 1918,
Takashima coal mine (guaranteeing its Mitsubishi was incorporated; its stock was
shipping fleet's fuel source), leased and totally owned by the Iwasaki family.
later purchasedthe Nagasaki Shipyardfrom MitsubishiShoji Kaisha(TradingCompany)
the government, and purchased the and other divisionswere made independent
majority of its major competitor's stock, public companies to attract additional
Nikon Yuseu Kaishu. The companies were capital (Mitsubishi Heavy Industry, 1917;
soon merged to form Nikon Yuseu Kaishu Mitsubishi Bank, 1919; and Mitsubishi
(NYK), the large Japan shipping company. Electric, 1921). In the 1930s, all the

zaibatsus constrained their operations to
Although Mitsubishi was theoretically a avoid drawing terrorist attacks by the
public corporation, Yataro Iwasaki militarists who had gained strength in
operated the company as a familybusiness. Japan. Mitsubishi provided shipping,
His brother, Yanosuke, later assumed the shipbuilding, mining, heavy manufacturing,
leadership of Mitsubishi Skokai and NYK electrical generation equipment, aircraft,
in 1886 after Yataro's death. The Japanese warehousing, and tradingas a part of this
production of "blackships" was dominated expansion and growth.
by Mitsubishi's building of steel ships and
boilers. The Japanese then expanded their Mitsubishi's strength and size increased as
shipping routes to include Europe, North it became a major contributor to Japan's
America, Australia, India, China, and World War II effort; but its capabilities
Formosa. At the start of the 20th Century, were significantlydamaged in the bombings
the Sino-Japanese War accelerated the of 1945. The U.S. plan for Japan's
growth of NYK. Yanosuke Iwasaki then reconstruction, implementedbyMacArthur,
diversified the company by acquiring gold outlawed the zaibatsu as monepolistic,
and silver mines and real estate in the divided Mitsubishi into 139 independent
Tokyo area. The development of design companies, and precluded integrated
and manufacturingcapability, including all business strategies and cross-ownership of
the equipment and power systems, stock. Many of these restrictions were
associated with shipbuilding, was a by- lifted in the early 1950s because of media
product of the basic shipyard operations, criticism of the policy and, to some extent,
In 1916, Koyata Iwasaki restructured the the need for Japan'sindustrialpower in the
Mitsubishi Company with divisions for Korean War. Several of the Mitsubishi
banking, mining, real estate, shipbuilding, zaibatsu companies were quicklyrevived at
and trading, this time. The Mitsubishi Shoji Kaisha

name and the three diamond symbol were
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revived, and many of the companies were
reorganized.

The MITI coordinated the redevelopment
of zaibatsu-like organizations (Mitsui,
Mitzubishi, Sumitomo, Fuji, Sanwa, and
Dai-Ichi Kanyo) u ke/retms. In 1971, the
executives of 19 independent Mitsubishi
companies began monthly meetings of a
group called the Kinyo-Kai (Second Friday
Conference); through this process they
maintained their independence while they
coordinated business strategies. Executives
from the six major keiretsus in Japan
(Mitsui, Mitsubishi, Sumitomo, Fuyo,
Sanwa, andDai-Ichi Kangin) also met once
a month providing high-level coordinated
strategies.
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Table C.1 Nuclear _ plant vmdors

Power reactor
Couau7 construction Approximate

Company starts since total corporate
Vendor 198(? sales ($ billion/y) Comments

Camda

Atomic Energy of 10 Oovernmenf Sole international supplier
Canada of heavy-waterreactors',

technical agreements with
South Korea

China

China National Nuclear 1 Government_ Planned rapid expansion in
Corporation 1990s, currently somewhat

limited capabilities

France

Commissariat a 20 Governmenf Part owner with Siemens

L'Energie Atomic (CEA) of joint venture: NPI
Framatome (France)
Babcock & W'dcox(U.S.)

oenm
Siemens 9 41/Mixed Part owner with

Kraflwerk Union Framatome of joint
(Germany) venture: NPI

Skoda (Czechoslovakia) d

Great Britain

National Nuclear 4 Mixed Multiple agreements with
Corporation (NNC) Westinghouse: joint

venture to build the first
British PWR, agreement
for joint bids on foreign
plants

india

Department of Atomic 8 Government_ Local vendor: no
Energy significant international

activities, relatively small
power reactors
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"/_ble C.1 Nuclear pom_ phmt vendors

Power reactor

Counuy construction Approximate
Company starts since total corporate

Vendor 1980" sales ($ billion/y) Comments
II III II IIIII

Japan

Hitachi 6 55 Part of larger Dia-ichi
Kangyo Bank Group with
688 member companies,
member of HGET_ joint
product development
consortium

(MHI) and Mitsubishi 11 20 (MHI) Part of larger Mitsubishi
Electric Co. (MELCO) 25 (MELCO) Group with sales of $300

X |09/yoal'; agreements
with Westinghouse

Toshiba 7 36 Part of the larger Mltsui
Group with 489 member
companies; member of
HGET joint product
development consortium

Rmsla

Minatom 43 Gov_ Uncertain future; only
major vendor not part of
larger international
consortium, many reactor
construction projects shut
down or canceled

South Korea Mixed Building Korean reactors
Korea Heavy Industries and with ABB; Korean content
Construction Co. -90%, approaching

independent vendor status

Sweden/Switzerland

ABB 5 27 Largest industrial and
ABB Atom (Sweden) utility equipment
ABB Combustion (U.$.) manufacturingcompany in

world; technical
agreements with South
Korea
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Tsblc C,I Nm_sr _ pl_t

_ |n H . ii wm Jl i i i. i i i..i J ill ,,

Power reactor
Cmmt_, construction Approximate

Company starts since total corporate
Vendor 1980' sales ($ billion/y) Comments

United Statm

GE 1 50 Member of HGET joint
product development
consortium

Westinghouse 3 9 New agreement on future
reactors with Mitsubishi,
technical agreement with
NNC and others

sPowerreactorssold withstartof constructionafter 1980. Therehavebeen majorchangesin marketshareamong
vendorsoverthe lastseveraldecades. A powerreactorrequires4 to 12years to build. Listingreactorswithstart
of constructionsince1980providesan estimateof recentvendorsalesandcapabilities.Constructionstartsrather
thanreactorsales providesthe bestmeasureof vendorbusinesssincesome sales failandsome sales are,in fact,
optionsfor purchase.

bHGET= Hitachi/GeneralElectric/Toshiba.

CGov= governmentagency.

dSiemenshas an agreementwithSkodato buya controllingshareof the Skodadivisionresponsibleforcommercial
nuclearpowerequipment.
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This appendix provides information about
selected Mitsubishi companies and/or
divisions associated with the nuclear
businm. These data are interpretationsof
data from technical, financial, and other
business documents. The composite of this
information is comidered to provide a
representative picture of these Mitsubishi
companies.

• Not all Japanese stockholdinp are
included in the ownership sectiom of
these data; only those Japanese
stockholdings that are part of the
companies' ten largest stockholdings
(major holdings) are included.

• Table D.1 shows MHI as the leader of
the keiretsu nuclear work with seven

large organizations supporting this
work. Three other ke/retsus are also

shown because they provide significant
financial support and long-term
strategic business guidance to all the
nuclear organizations.



T_ Dol._ _ Org_ intheN_ _

MHI Mitsubishi Atomic Power Industries, Inc. Basic design of nuclear steam MAPI
supply systen_ Balance of
plant and nuclear fuel

MHI Kobe Shipyard and Engine Works Detailed design, manufactme,
and consuuction of NSSS

Nuclear Plant Services Engineering Co. Ltd. Plant maintenance PSEC

MHI Takasago Machinery Works _ manuf_:.,:ure,and
construction of turbine plant

MHI Takasago R&D Center Research TR&DC

Nuclear Power Training Center Operator training PTC

Mitsubishi Trading company

(MITCOR)

Mitsubishi Bank Banking
(MITBK)
Mitsubishi Materials (MM) Mitsubishi Nuclear Fuel Co., Ltd. Fabrication of nuclear fuel NI_

Mitsubishi Electric Corporation Design, manufacture,andcom_n of electrical

(MELL_) equipment --.------
m_mmm_mm
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MrI_UBISm KEIRE'I_U DATA

NAMR Mitsubishi Heavy Industries (MHI)
2-5-IMarunouchi, Chiyoda
TokyomO
Japan

OWNERSHIP i Maior Stockholden _ Mitsubishi_ HoldinD
Japanese Imurance Companies -- 9.8% 3.2%
Japanese Banks -- 3.6% 3.6%
Japanese Trust Companies -- 9.5% 6.1%
Japanese Manufacturing Cos. -- 1.5% 1.5%
Foreign Holdings -- 13.3%

BUSINESS 1

• F'Lntin Japanese shipbuilding, nuclear industry,aerospace, other heavy machines, and
air conditioning.

• Fills major orders for Defense Agency.
• Exports 27% of sales.

SIZE_

• Number of employees -- 45,775
• Sales -- q2,800,000 million -- March 1993
• R&D Expenditures -- ¥117,000 million -- March 1993

NU_
_NSmIIXI_

• MHI is the official reactor vendor for the Mitsubishi Nuclear business. It is the main

contractor (Prime Contractor) which jointly designs, manufactures,and constructswith
MAPI, MELCO, and other keiretsu companies.

• Primaryand secondary system equipment manufacturing and R&D.
• Following basic system design, detailed hardwaredesign is completed at MHI Kobe

Shipyardand Engine Works. Some manufacturingof nuclear islandcomponents is also
performed at MHI 103be.

• Design, manufacture, andconstruction of the turbine plants for Mitsubishipower plants
is performed at MHI Takasago Machinery Works.

Japanese Company Hand_3ok- Spring 1993.
2 Additional information on these holdings is provided in the tables in Appendix B.
3 Mitsubishi organization charts and literature.
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MI'I_UBISHI KEIRE'I_U DATA

NAME -- Mitsubbhi Atomic Power Industries, Inc. (MAT-I)

OWNERSHIP -.. MAPI is now a fully-owned subsidiaryof MHI with announced plans
to merge with MI-IIon October I, 19943.

BUSINESS l -- In April 1958, the M/tsubishi keiretsu decided to establish a company
solely devoted to nuclear energy and MAPI, Inc.,was founded. MAPI
was the first of this kind of company and was originally owned by
25 Mitsubishi companies.

SIZE

• Number of employees 900
• Sales NA

• R&D Expenditures NA
• Capitalization 4.5 x 109¥

NUCLEAR
_NSmIi.rI_

• MAPI performs the basicdesign of NSSS, BOP, and Nuclear Fuel in coop. with MHI.
• MAPI has concentrated on developing the uses of nuclear energy for commercial

electrical power generation, ship propulsion reactors, research reactors, nuclear fuel,
and radio isotope equipment.

• MAPI is involved in R&D in all areas of nuclear energy including the engineering of
FBRs, ATRs, and fuel cycle facilities. MAPI participated in the JOYO and MONJU
FBR plants as well as the "FUGEN"HWR prototype ATR and fusion projects.

• MAPI's Nuclear Development Center has two technical institutes:
-- OmiyaTechnical Institute- reactor chemistry,fuel cycle technology, fusion reactor

technology, and radiation safety management.
-- Tokai Technical Institute --study of fuel materials and fuel assembly testing.

• PWR Development -- An [APWR 1300-MW(e)] design has been completed in
cooperation with Westinghouse, MHI, and Japanese PWR utilities.
-- SmallPWILswith passive safety features are underdevelopment with outputs of 300

and 600 MW(e).
-- Ship propulsion 100-MW(e) reactors.

• MAPI played a major role in the design of "MONJU"prototype, which is being built
for PNC by a group of four companies -- Mitsubishi, Toshiba, Hitachi, and Fuji.

' Correspondence from Mitsubishi - H. Mukai, 1993.
2 Mitsubishi Atomic Power Industry, Inc., Profile Publication.
3Atoms, 1993(b).
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MITSUBISiH KEIRETSU DATA

NAME Mitsubishi Nuclear Fuel Company Ltd. (MNF)
5-20htemachi 1-chome

Chiyoda-ku 100
Tokyo, Japan

OWNERSItIP Originalownership was49%by Mitsubishimetals corporation (MMC),
17% by MH, and34% by Westinghouse. In 1990, Westinghouse sold
its 34% to MMC.

BUSINESS Design, development, and manufacture of nuclear fuels

S17_.

• Number of employees NA
o Sales NA
• R&D Expenditures NA

NU_
RI_PONSIBIIM'Y I

4 • Fabrication of nuclear fuel.
• Design of fuel assemblies, pins, and pellets.
• R&D on fuel materials and related hardware.

1 Mitsubishi organization charts and literature.
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MHSUBISHI KE/RETSU DATA

NAME Kobe Shipyard& General Machinery (KSEW)
1-8, Nishide-Machi l-Chome
Hyogo-ku 652
Japan

O_ KSEW/s a subsidiaryof MHI

B_

) Pumps and pumping equipment.
• A/r compressors and blowers.
• Steel shipbuilding and repair (history dating back to the 1880s).
• Large equipment design and fabrication.

Sr'_R_

• Number of employees N/A
• Sales N/A
• R&D Expenditures N/A

NUCLEAR
RESPONSIBHM'Y

s Detailed design, manufacturer,and construction of NSSS systems and buildings.
• Design of majornuclear plant components.
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MYI'SUBISHI KE/RETSU DATA

NAME Nuclear Plant Services (NUSEC)
Engineering Co., Ltd.
1-1, 1 Chome Wadasaki-cho,
Hyogo-KU, Kobc
Japan

OWNERSHIP 100% owned by MHI
NUSEC does not issue an annual report.

BUSINF_SSn Established in 1978 to provide the service functions for Mitsubishi Nuclear
contracts as a nuclear service company separated from the service
departments of Kobe and Takasago divisions of MHI.

The president has a General Affairs Department and three divisions
[Engineering, Nuclear Service, and Takasgo (secondary systems and pump
service)].

SIZE

• Number of Employees -- -500 (mostly dispatched from MHI)
• Sales -- N/A
• R&D Expenditures -- N/A

NU_
_NSIBILITY 1

• NUSEC performs service activities on all Japanese operating PWR plants supplied by
MHI.

• NUSEC performs other main refueling activities:

-- Reactor coolant pump maintenance.
-- Steam generator sludge lancing.

• NUSEC also performs the planning, scheduling, supervising, consulting, development
of special tools, and numerous other tasks as a part of the service functions.

i Correspondence with NUSEC.
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MI'ISUBISHI II_ETSU DATA

NAME Takasago R&D Center (TR&DC)
1-1 Shinhama 2-Chome

Arai-Cho, Takasago
Hyogo Pref., Japan

OWNERSHIP Takasago R&D Center is a Division of MHI

B_ Conduct R&D programsfor the Mitsubishi nuclear organizations.

Maintain contacts with numerous R&D organizations and manufacturing
organizations.

SIZE

• Two experimental sections.
• Eleven technical research laboratories.

rROGa.'   SVOIBu.rrY

• Perform Nuclear Systems' R&D programs for, and with, Mitsubishi organizations.
• Utility and government organizations interface with MHI; appears that MHI has its

organizations work with TR&DC, but MHI also acts as the filter for contacts with
organizations out of the keiretsu.

• Reliability programs for PWRs.
• Failure-experience studies.
• R&D on PWR safety.

• Development and improvement of MHI technology.
• Steam generators.
• Core internals.
• Main coolant pumps.
• Reactor vessel.
• Turbine and plant equipment.

• Repair technology.
• Predictive and preventative maintenance studies.
• Evaluation of material degradation and management of component aging.

Correspondence with TR&DC.
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MYI'SUBISIH/£E/RE_U DATA

NAME Mitsubishi Electric Company (MELCO)
2-2-3 Marunouchi, Chiyoda- Ku,
Tokyo 100
Japan

OWNERSHIP' Major Stockholdinl Mitsubishi Holdings
JapaneseInsuranceCompanies -- 12.5% 4.1%
Japanese Banks -- 3.4% 3.4%
Japanese Trust Companies --9.3% 3.8%
Japanese Manufacturing Cos. --0.0%
Foreign Holdings -- 0.0%

BUSINESS'
• Ranks third among comprehensive electric machinerymakers.
• Top in defense electronics.
• Bolstering semiconductors to catchup in field of electronics.
• Exports 22% of Sales.
• Joint ventures in Southeast Asia, Latin America, North America, and Europe in 1960s4.

SIZE'

• Number of employees -- 51,331 -- March 1993
• Sales -- ¥ 3,200,000 million --March 1993
• R&D Expenditures -- ¥ 270,000 million -- March 1993

NUCLEAR
_NSIBHA'I'Y

• Electrical equipment manufacturing1.
• Has a tie-up with Westinghouse (U.S.) in nuclear power'.
• Expanded to accommodate demand for household and industrialappliances in the 1950s

and 1960s.

' Japan Company Handbook, Spring 1993.



D-12

_ISHI KF./RETSU DATA

NAME Nuclear Power Training Center., Ltd. (NFFC)

OWNERStlIP 1 Jointly owned by MHI and Japanese utilities.
(Each utility has its own simulators and other training facilities on their
ownsite.)

BUSINESS Ensure that all operator training functions (at any level) needed for
Mitsubishi Nuclear Plants are provided efficiently at the appropriate
location.

NU_
RESPONSIBILITY l

• Provide the operator trainingservices for Japanese PWR plants.

• Coordinate the trainingof utility and other associated organization's personnel at the
various corporate, utility, and national facil/ties.

1 Mitsubishi organization charts and literature.
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Mr[SUBISIII _ DATA

NAME Mitsubishi Corporation (MITCOR)
2-6-3, Marunouchi
Chiyoda-KU,
Tokyo 100
Japan

OWNERSHIP l Major Stockholdin_ Mitsubishi Holdin_
Japanese Insurance Companies -- 17.9% 6.0%
Japanese Banks -- 8.3% 4.9%
Japanese Trust Companies -- 10.10% 5.3%
Japanese Manufacturing Cos. -- 3.1% 3.1%
Foreign Holdings -- 5.8%

BUSINESS 1
• Nucleus of the Mitsubishi Group.
• Japan's largest trading company.
• Outstanding in oil and other energy-sources transactions.
• Boast great resources development capability.
• Strong in heavy industrialproducts.
• Moving into satellite communication through JV.
• ,awtive in overseas investment.
• Listed on London and Paris stock exchanges.
s Exports 56% of Sales.
• Sales Breakdown (September 1992)

Construction Machinery -- 17%
Energy -- 17%
Plastics -- 18%

Steel products & Machinery -- 12%
Electric Machinery -- 20%
Paper & Pulp -- 6%
Other -- 18%

SIZE1
• Number of employees -- 10,002
• Sales -- ¥18,000,000 million -- March 1993
• R&D Expenditures -- 9"270,000million -- March 1993

NUCLEARKESI'ONSIBILITY
• Only as keiretsu overview and for strategic planning.

1Japan Company Handbook, Spring 1993.
2 More detailed information on these holdings is provided in the tables of Appendix B.
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MITSUBISHI KE/RETSU DATA

NAME Mitsubishi Bank (MrFBK)
2o7-1Marunouchi

Chiyoda-KU
Tokyo 100
Japan

OWNERSIHP 1 ..MajorStockholdin_ Mit#ubishiHoldings
Japanese Insurance Companies -- 15.3% 5.8%
Japanese Banks -- None None
Japanese Trust Companies -- 1.8% 1.8%
Japanes¢_ManufacturingCos. -- 6.3% 4.7%
Foreign Holdings -- 1.3%

BUSINESS l

• Bank of the Mitsubishi keiretsu.

• Fifth rankingcity bank in Japan.
• Currentlydeveloping internationally.
• Building strongholds in South Fast Asia and Oceania now that it is established in the

U.S. and Europe.
• lrtrstJapanese bank to be listed on the New York Stock Exchange.

SIZE

• Number of employees -- 15,985
• Income -- ¥3,500,000 million
• R&D expenditures -- N/A

NUCLEAR RI/SPONSIBK.rI'Y

• Only as ke/retsu overview and for strategic planning.

l Japan Company Handbook, Spring 1993.
2 More detailed information on these holdings is provided in the tables in Appendix B.
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MITSUBISHI KFJRETSU DATA

NAME Mitsubishi Materials (MM)
1-5-10htemachi
Chiyoda-Ku
Tokyo 100
Japan

OWNERSHIP _ Major Stockholdin_ Mi.tsubishiHoldings
Japanese Insurance Companies -- 9.1% 6.4%
Japanese Banks -- 5.6% 4.2%
Japanese Trust Companies -- 13.9% 1.8%
Foreign Holdings -- 4.6%

BUSINF_..._n

• Leading Japanese metal and ceramic firm.
• Leader in superhard tools.
• Leader in production of aluminum cans.
• Strength in nuclear fuel processing.
• FormallyMitsubishi Metals, but changed name after mergerwith Mitsubishi Mining and

Cement in 1990.

SIZEI

• Number of employees -- 10,161
• Sales -- ¥1,500,000 million
• R&D Expenditures -- ¥18,000 million

NUCLEAR RESPONSIBILrFY

• Owns Mitsubishi Nuclear Fuel Company.

Japan Company Handbook, Spring 1993.
2 More detailed information on these holdings is provided in the tables of Appendix B.
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Appendix E provides major stockholdings
data of many of the Mitsubishi Group
companies (those listed on the first sections
of the Tokyo, Osada, and Nahoya stock
exchanges).

Japanese insurance companies, banks, and
trust companies own the bulk of the major
stock holdings in these companies; the
insurance companies own the largest part
of this stock. A summaryof these holdings
is provided in Table E.I. The compan/es
are listed in the order of insurance

company holdings.

On an average, 38% of these Mitsubishi
companies are owned by other Mitsubishi
Japanese companies, and the individual
holdings are as high as 65%, as in the case
of Mitsubishi Petroleum Company.

On an average, about 5% of these
companies are owned by foreign
organizations,the maximumforeign holding
is about 20% of Mitsubishi Petroleum
Chemical.

Tables E.2 through E.7 provide the details
of the organizations/companieswhich have
the holdings that are summarized in the
Insurance,Bank,Trust,Manufacturing,and
Gas/Chemical columns in Table E.1. The
MitsubishiKeiretsu holdings are italicizedin
these tables. Companies belonging to one
of the other five major keiretsus of Japan
are signified with a "K" in the column.
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Mitsubisbi Kasd Cbemicals 25.3 10.30 4.50 0.00 0.00 40.30 3.1 O.00

Mitsubishi Commerce 17.9 8.30 10.10 3.10 0.00 39.40 S.8 0.00

Miuubiski Bank Banking 153 0.00 1.80 630 0.00 23.40 13 0.00

MiwubishiGasandCbemkaI Cbemicah 14.4 12.90 7.70 0.00 0.00 :3.5.00 S.0 0.00

MitsubishiWarebomeand Warehouse 13.6 4.80 20.60 10.30 GO() 49-1 7.4 2.20 tzl
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Mitsubisbi Steel Ferro alloys 11_3 4.90 1030 10.70 CL00 3/20 5.6 0.00

M/uubisbi _ Industrial machinery 9.9 4.90 12.40 11.80 0.00 39.00 9.0 0.00

Ship building, etc. 9.8 3.60 9.50 1.50 0.00 24.40 133 0.00

)_[i_ubisbiPeSo Chemical (_L.mica| 9.6 4.00 3.90 4.90 26.80 49.20 19.8 GO0

MitsubishiM_terial Nonferrousmaterial 9.1 5.60 13.9 0.00 0.00 28.60 4.6 CL00

Mimubishi Emate Real estate 7.5 4.50 8_5 10.40 0.00 30.90 0.7 0.00 !

Mitsubishi Trust and Bank Banking 5.7 3.10 13 8.60 0.00 18.70 7.8 O.O0

Mitsubishi Shindoh Nonferrous material 5.5 8.30 4.80 39.00 0.00 Y?.60 0.6 0.00

Mimubishi Peacil Miscellaneous maa_ 5.4 IS.M} 7.10 0.00 0.00 2830 0.7 0.00

Mimubishi Momm Motor vehicles 5_5 4.90 4.20 34.70 0.00 49.30 9.1 ZOO

Mimubishi Belting Rubber 4.6 9.70 9.10 12.40 0.00 _ 1.1 0.00

Mitsubiski Oil Petroleum 3.0 7.00 15.60 173Q CL00 42.90 6.0 0.00
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Mimibishi ][Cmd (_emic_ 2S.3 7.5 6.4 3.0 4.0 2.6 2.8

Milmddshi Commerce 17.9 6.0 3.1 2.7

Mdmsbis_Bask Ba_ IS__ 5.8 11 3.5 4.3 1.7

Mits_bishiGasmid Cbemicsls 14.4 5.0 7.5 1.9
Ckmical

MilsubisbiWmthmme Wmthome 13.6 7.7 $.9

ud_

Modco Heavy eh_'trical 12.5 4.1 3.8 lJ 1.7
ramsay

Milmlbishi Pspar Paperandpulp 12.2 7.8 4.4
Mills I

Miwmlbil _ Ferroalloys 11.3 5.8 3.1 3.4 o_

MUsubishi Kakeki laduserial 9.9 7.4 25

MHI .Ship_iidiag 9J 3.2 2.0 1.3 2.0 13

Mils_isld Pet_ Chemical 9.6 5.0 4.6
Chemical

Mimddshi Martial Noaf_ow 9.1 6.4 1.4 1.3
ma_isl

Mimd_J_i Estate Miscellueo_ 7.5 4.5 3.0

mu_

Mimabisbi Trust Mou_rve_dm 5.7 4.8 1.9
nd Buk

M_md_b_ Shisdoh Rubber 5.5 4.2 13

Mitsubishi Pencil Peerolema 5.4 2.7 2.7

Milsub_shiMc4ors Wireand cable 5.0 3.1 1.9







Mitsubishi Insurancecompaniesorang stockinMimubishioompamies i

Company Business Total Meiji MK Nippon Sumitomo Dai-ichi TokToM&F Taiyo I..I Dou_ Daido

MilsubiJi Belling Chemicals 4.6 Z0 2.6

Mimdm_hiOil 3.0 3.0

MilsubishiCable 7.6 2.6

Mi_ _ Inc. 2.1 2.1

Note: MK and italic indicate that the orpnizatiom is a member of the Mitsubishi Ja_asu. "KTMindicates that the organization is a member of a major/ufkuau.
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Mitsubidti Kmei Cbemicsb 4.7 2.9 2.9 10.50

Miuubbbi Commm_ 4.9 3.4
0.00

)dimtbiski Bank Banking

_i 0 H (_ 4.4 2.7 2.8 3 12.90
ud _!

4.80
Miuubiski Wareboue 4.8
Warebomeud
Tmupomeme I

3.4O _o
]M[eko Hesvy $.4

elecu_

MiuubisM Paper Paperand 4.7 4..5 9.20
Mmb pulp

4.9O
MiW_M Steel Ferm _ 4.9

4.90
Mitmbishi Kakoki Indumsial 4.9

meJ_
3.60

Men Shi#uimias &6
4.OO

Vdtmd_ Petto Cke_ 4.0
(_emimi

ldi, mbid, i Noutenmm 4.2 1.4 5.60
Material mamial

4..50
),4[jlsubisbi Real emm*e 4-5"
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3.10
Miuubisbi Trust BaMd_ 3.1
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Mitsubishi Banks owning stock in Mitsubishi companies

C__m-___s_y B_i--- __ M__,_-_L'___'a'_;MK Yokol_ms Norinchu_n Sumltomo K DKB K Sanwa K Sakura LTCB I B J Total

Mitsubisld Nonfesmus 4.3 4 K30
Shindoh ma_ial

Milsubislhi Pencil Miscellaneous 3.2 4.7 3.2 4.7 15.80
manufacturing

Mitsubishi Motors Motor vehicles 4.9 4.90

MitsubishiBelting Rubber 4.9 4.8 9.70

MitsubishiOil Petroleum 4.9 21 7.00 Crl
!

MitsubishiCable Wireand 4.5 3.1 7.60
cable

Milsubishi Cbe_cals 3.0 1.9 4.90
_ _.u___.Inc.

Note: MK and italic indicate that the orpnization is a member of the Mitsubisld/m/mini. _ indicates that the or&anizaaionis • member of a majorke/m_.



_::_ubisbi _ companiesowningmockin Mitsubishi companies

Company Business M'mrubL'_d Sumitomo MitsubishiK Tokyo BOT Chao Yasuda K Total
MK K

Mitsubishi Kasel Chemicab 4.5 4.50

Mitsubishi _ 5.3 4.8 10.10

MitsutY_ Bank BanYmg 1.8 1.80

MitsubishiGas Chem _ 5.6 2.1 7.70

MitsubishiWarehouse Warehouse 6.5 3.9 3.9 2.6 3.7 20.60 M
and Transport !

Melco Heavy electrical 3.8 2.8 2.7 9.30
machtn_

MitsubisbiPaper Mills Paper and pulp 5.2 2.1 2.2 9.50

MitsubishiSteel Ferm alloys 5.0 25 2.8 10.30

Mitsubishi Kakoki Industrial 5.9 2.5 4.0 12.40

MHI Shipbuilding 6.1 1.9 1.5 9.50

Mitsubisbi Peu'o Chemical 3.9 3.90
Chemical

MitsubishiMaterial Nonferrous 5.9 23 2.0 2.2 1.5 13.90
material

MitsubishiEstate Real efCate K5 8.50

MitsubishiTrust and BanJ_g 1.3 1.30
Bank



TableE.4.Trumcempm_eltock!_ in21Milsubi_bi_
frnm oommmyhok_p inpm:em_ _ mock)

Mitsubishi Trust companies owningstock in Mitsubishi companies

Company Business Mitmbishi Sumitomo MitsubishiK Tokyo BOT Cbao Yssuda K Total
MK K

Mitsubisbi Shindoh Nonferrous 3.0 1.8 4.80
material

Mitsubisbi Pencil Miscellaneous 3.0 4.1 7.10
manufacturing

MRsubisbiMotors Motor vehicles 4.2 4.20

Mitsubishi Belting Rubber 1.6 2.4 5.1 9.10 ml

Mitsubishi Oil Petroleum Z0 2.2 1.9 2.4 2.1 15.60

Mitsubishi Cable WLreand cable 5.6 1.9 1.7 9.20

Mitsubishi Plastics, Chemicals 3.9 13 1.4 6.60
Inc.

Note: MK and italic indicate that the organization is a member of the Mitsubishike/retm. "K"indicates that the organizationis a member of a major
ke/retsu.
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M_tsuU_Ui Cuem_ gas,and_ mmp,n_ mm_ smc_m MimuUkUicoqm_

M'usubis_
Gas and Shell Shell MimubisN _ Shell Mi_Uiml

Company Business Chem/ca/MK" PetroleumK JapanK KOSEI K SekijuK KaseiV'u_lK Total

Mitsubishi Kasel Chemicals 0.00

Mitsubi_i Commerce 0.00

Mitsut_shiBank Banking 0.00

Dw_tsubisNGas and Chemicals 0.00

IVlitsubishi Warehouse 0.00 I

Warehouse and ._
Transport
Melco Heavyelectric 0.00

Mitaubishi Paper Paper and pulp 22 7.20

MitsubishiSteel Fen,mlk_ 0.00

MitsubishiKakoki Industrial machinery 0.00

Mm Sh__ o.oo
Mitsubishi Pctro Chemical 12.6 5.7 4.7 3.8 26.80
Chemical

Mitsubishi Material Nonferrous material 0.00

MitsubishiEstate Real estate 0.00

MitsubishiTrust and Banking 0.00
Bank



Mitmbishi Chemical, gas, and petroleum compan_ owning stock in Mitmbi_ mmpan_

M'teub/_
Gas and Shell Shell Mit_bishi Shews Shell Mitmbishi

C_nm_ Bu_n_ Chem@_'__MK Petroleum K Japan K KOSEI K Sekiju K Kmei V'myiK Total

Mitmbishi Shindoh Nmferro_ material O.O0

Mitmbishi Pencil Mi_ellaneotm 0.00
manufacturing

Mitmbishi Motors Motor vehicles 0.00

Mitmbishi Belting Rubber 0.00

MitsubishiOil Petroleum 0.00 r_t

MitmbishiCable W're and cable 0.00 _.

MitsubishiPlastics, Clgmicals 47.7 3.9 51.60
Vw_ i

Note: MK and italic indicate that the organization is a member of the Mitsubishike_. "K"indicates that the organizationis a member of a major
ke/m_.



Mitsubishi O**Bergroup, owning sted_ in Mi_ul:da_ emnpm_s

Em_ _ Costa
Comm_W Budnm sharehoM _tim Securities Kiri _ Total

Mimlbishi K,mel _ 0.00

Mimubi_ C.ommm_ 0.00

MimutamiBank Sant_ 0.00

Mimubis_i Cam_ _ 0.00

Mimd:dshiW_ and W_ 2.2 2.20

m
Melco Heavy electric 3.2 3.20 'I..-.*

Mitsubishi Paper Mills Paper and pulp 0.00

Mitml_hi Steel _ 0.00

Mimsbishi Kakx_ Industrialmm:MB_ 0.00

Mm ShipbuiZins 0.00

Mitmbish/Peam Chemical OzemicM 0.00

MilmllMMliMat_riM Nonferrous material 0.00

Mitsubishi Estate Re.alestate 0.00

MilmbimiTrim andBank Banking 0.00

MillubiMliShindeh Nonfe.rmus msleria 0.00

Milsubisbi _ Mim:eJlmleem 0.00
manufa_uring

Milsubis_iMo¢x_ Motorvehicles 1.9 5.1 7.00
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T_lc ET. Otlmruolablc si_ lock _ iu m l_flm_bishicom_

Mitsubishi Other groups owningstock in Mitmbishi companies

Employee Cht_er _mno

Cnmpany B-s!n,'_._ .Omrehold Corporation Securities Kui Brem_ Total

Mitsubishi Belting Rubber 0.00

Mitsubishi Oil Petroleum 0.00

Mitsubishi Cable Wh-eand cable 0.00

Mi_u_bL_iP__stics,Inc. C-'hen_ 2.2 2.20

I
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Appendix F provides information about
the Japan_e utilities. All PWRs made in
Japan are produced by the Mitsubishi
keiretsu companies. The initial Japanese
PWRs were built by Westinghouse.

There are nine major Japanese utilities:
four use PWRs, four use BWRs, and one
does not use nuclear plants (however, it is
considering the use of nuclear power).
Electricity is also generated by the
JAPCO, which demonstrates the merits of
various types of nuclear power. It has
one PWR, BWR, LWR, and HTGR.
JAPCO is not a publiclyowned company
in the same sense as the other utilities. It
is a joint utility- and vendor-owned
operation for the demonstration of new
technology.

It is interesting to note that most of the
utilities indicate strong growth in the
household use of electric power and
sluggish growth in industrialuse of
electric power. This could be indicative
of the saturation among industrialusers in
Japan. The domestic section is showing a
strong growth, possibly as a result of a
trend toward improvement in the overall
standard of living in Japan.
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JAPANESE _ COMPANY DATA

NAME Shikolm Electric Power Company
2-5 Marunounchi
Takamatsu City 760-91
Kagawa Prefectare
Japan

OWNERSHIP I Major Stockholdin_ Mitsubishi Holdin_
Japanese Insurance Companies -- 12.0% 3.3%
Japanese Banks -- 6.4% 0.0%
Japanese Trust Companies -- -- 0.0%
Japanese Manufacturing Cos. -- 4.7% 0.0%
Foreign Holdings -- 3.1%

BUSINESS 1

• Power supplier to Shikoku.
• Nuclear energy largest fraction of production of the nine domestic private power

companies.
• Shikoku has its own route to procure nuclear fuel.
• Demand growing 0.3%/year, helped by steady growing household demand.

SIZE1

• Total electric capacity -- 5.94 GW(e)
• Nuclear electric capacity -- 1.1 GW(e)
• Nuclear capacity under

construction -- 0.8 Gw(e)
• Number of employees -- 5,834
• Sales -- ¥505,500 million -- March 1993
• R&D Expenditures -. ¥8,031 million -- March 1993

NUCLEAR
_NSIBH.n'Y 1

• PWR user.
• Nuclear power is the largest percent of total power produced by any of the large

nine Japanese Utilities.
• Construction of Ikata Na 3 nuclear power plant prying with a March 1995 target

startup.

1 Japan Company Handbook, Spring 1993.
2 Shilmlm 1993.
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JAPANESE UTILITY COMPANY DATA

NAME Kyushu Electric Power Company,Inc.
1-82 Watanabe- Doff
2 Chome, Chuo- Ku
Fukuoka 810
Japan

OWNERSHIP 1 Major Stockholdin_ Mitsub_shiHoldin_
Japanese Insurance Companies - 21.3% 6.6%
Japanese Banks -- 6.7% 0.0%
Japanese Trust Compaaie_ -- 1.5% 0.0%
Japanese ManufacturingCos. -- -- 0.0%
Foreign Holdings -- 3.4%

BUSINESS'

• Medium-scale electric power company serving Kyushu.
• Diversifying power resources into nuclear energy, LNG, coal, and geothermal energy.
• Offices in U.S. and Europe to attract foreign enterprises to Kyushu.
• Demand rising at rate of 2%/year, backed by steady household demand.

SIZE'

• Total electric capacity -- GW(e)
• Nuclear electric capacity -- 2.8 GW(e)
• Nuclear capacity under

construction -- 2.3 GW(e)
• Number of employees -- 13,985
• Sales -- g665,000 million -- March 1993
• R&D Expenditures -- ¥13,340 million -- March 1993

NUCLEAR SCOPE 1

• PWR user.

• Investment growing in both nuclear and coal plants.

i Japan Company Handbook, Spring 1993.
2 Kyushu 1992.
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IAPANESE UTILITY COM]PANYDATA

NAME Kansai Electric Power Company
3-3-22 Nakanoshima
Kita-Ku
Osaka 530-70

Japan

OWNERSmP l Major Stockholdin__ Mitsubishi Holdings
Japanese Insurance Companies -- 9.5% 0.0%
Japanese Banks -- 9.5% 0.0%
Japanese Trust Companies -- 1.7% 0.0%
Japanese Manufacturing Cos. -- 11.2% 0.0%
Foreign Holdings -- 3.2%

B_ t

• Second largest power company in Japan.
• Received Deming prize for quality movement in power industry.
• Commercial and industrialuse 63% of revenues -- residential use 33%; other 3%.
• KWh sales volume peaking at only 0.2% growth because of sluggish industrialdemand

despite steady household demand.

SIZE_

• Total electric capacity -- 34.7 GW(e)
• Nuclear electric capacity -- 9.8 GW(e)
• Nuclear capacity under

construction -- 0.0 GW(e)
• Number of employees -- 25,581
• Sales -- ¥2,450,000 million -- March 1993

NUCLEAR
RESPOIqSIBILITY1

• PWR user.

• Pioneer in nuclear and LNG power generation.
• Kansai needs to regain public confidence due to an accident at Mihama nuclear power

plant.
s Fuel costs falling thanks to increased utilization of nuclear plants and strong Yen.
s Oi I_ 4 nuclear plant starting in '93.

Japan Company Handbook, Spring 1993.
2 Kansai 1993.
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JAPANESE _ COMPANY DATA

NAME Hokkaido
1-20hdori- Higashi
Chuo - Ku Sapporo 060-91
Japan

OWNERSHIP ! Major Stockholding Mitsubishi Hoidin_
Japanese Insurance Companies -- 20.4% 0.0%
Japanese Banks -- 1.6% 0.0%
Japanese Trust Companies -- 7.7% 3.2%
Japanese Manufacturing Cos. -- 7.6% 0.0%
Foreign Holdings -- 1.9%

BUSINESS 1

• Heavily dependent on thermal power generation using local high-cost coal.
• Fuel cost declining because of abundant water supply and strong yen.
• Commercial and industrial use 57% of rev. -- residential use 41% and other 2%.
• KWh sales volume rising2.6%, thanks to growth in household demand.

SIZE_

• Total electric capacity -- _._ GW(e)
• Nuclear electric capacity -- 1.1 GW(e)
• Nuclear capacity under

construction -- 0.0 GW(e)
• Number of employees -- 6,550
• Sales -- ¥520,000 million -- March 1993
• R&D Expenditures -- ¥4,000 million -- March 1993

NU_
RESPONSIBIHTY 1

• PWR user.
• Enthusiastic about using imported coal and nuclear power.
• Repair cost swelling due to regularrepairsof Tomari _ 1 & N*2 nuclear power plants.

1 Japan Company Handbook, Spring 1993.



F-8

JAPANESE UTII2rYY COMPANY DATA

NAME Chubu

I H/gash/- Shincho
H/gash/- Ku, Nagoya 461-91
Japan

OWNHRSHIPI Maior Stockholdinl Mitsub_hi Holdin_
Japanese Imurance Companies -- 15.7% 5.4%
Japanese Banks -- 10.8% 0.0%
Japanese Trust Companies -- 0.0% 0.0%
Japanese Manufacturing Cos. -- 2.4% 0.0%
Foreign Holdinp -- 2.8%

BUSINESS 1

@ Service area is Chuba region.
• Third-rankedelectric power company (power sales).
• Active in LNG-fueled power generation.
• Current profits declining because of increased depreciation, repair expense, and

increasing interest rates.
• Developing new equipment with Science and Technology Agency and Fuji Electric.
• Commerc/al and Industrial,70_ of rev. -- residential use, 27% -- other, 3%.

SIZE1

• Total electric capacity --, __ GW(e)
• Nuclear electric capacity -- 2.4 GW(e)
• Nuclear capacity under

construction -- 1.1 GW(e)
• Number of employees -- 20,622
• Sales -- ¥1,960,000 million -- March 1993
• R&D Expenditures -- WA,419 million -- March 1993

NUCLEAR
_NSIBHATY 1

• BWR user.

• Placing emphasis on expansion of nuclear power generation for cost reduction.

1 Japan Company Handbook, Spring 1993.
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JAPANESE UTILITY COMPANY DATA

NAME Tokyo Electric Power
1-1-3 Uchi - Saiwaicho
Chiyada- Ku, Tokyo 100
Japan

OWNHRSIH]'_ Maior Stoq.kholdin_ Mitsubishi H0ldin_
Japanese Insurance Companies -- 11.5% 0.0%
Japanese Banks -- 6.2% 0.0%
Japanese Trust Companies -- 2.0% 2.0%
Japanese ManufacturingCos. -- 3.1% 0.0%
Foreign Holdings -- 4.0%

BUSINESS !

• Serves Kanto area, including Tokyo.
• The world's largest private el_tric power company.
• Making an effort in communications business.
• Commercial and industrial use, 63% of rev. -- residential use, 34% -- other, 3%.
• Industrialdemand reducing,but consumer demand is steady.

SIZE1

• Total electric capacity -- 48.3 GW(e)
• Nuclear electric capacity -- 12.4 GW(e)
• Nuclear capacity under

construction -- 4.8 GW(e)
• Number of employees -- 40,789
• Sales -- ¥4,720,000 million -- March 1993
• R&D Expenditures -- ¥68,369 million -- March 1993

NUCLEAR
_NSIBR,rFY 1

• BWR user.

• After oil crises, TEPCO made a large switch to nuclear power, coal, and LNG.
• TEPCO has close ties with General Electric in nuclear power.
• Joint nuclear power plant with Tohoku Electric Power in Aomori Pref. reaching

agreement with local fishermen's association for first time in 27 years.

s Japan Company Handbook, Spring 1993.
2 Tepco 1993.
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JAPANESE _ COMPANY DATA

NAME Toholm Electric Power Company
3-7-1 Iclu_an-cho
Aoba-Ku, Sendal 980
Japan

O_: Major Stockholdin_ Mitsubishi Holdin_
Japanese Insurance Companies -- 14.5% 0.0%
Japanese Banks -- 8.0% 0.0%
Japanese Trust Companies -- -- 0.0%
Japanese Manufacturing Cos. .- 1.7% 0.0%
Foreign Holdings -- 4.7%

BUSINESS 1

• Electricity supplier to Toholm and N0gata areas.
• Pooling power supply with TEPCO.
• Sta_ed demonstration test of fuel cells and solar power generation.
• Commercial and industrial use 59% of rev. -- residential use 59%, --- other, 8%.
• Household growth about three times the industrial growth.

SIZE1

• Total electric capacity -- .__ GW(e)
• Nuclear electric capacity -- 0.5 GW(e)
• Nuclear capacity under

construction -- 0.8 GW(e)
• Number of employees -- 13,864
• Sales -- ¥1,280,000 million ($11 billion) -- March 1993
• R&D Expenditures -- ¥14,520 million -- March 1993

NUCI,EAR
RESPONSIBB,H'Y:

• BWR user.

• Pushing diversification of sources to nuclear, LNG, and coal.
• Reaching agreement with local fishermen'sassociation for Totsu Na I nuclear plant (joint

with TEPCO).

: Japan Company Handbook, Spring 1993.
2 Tohoku 1993.
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JAPANESE UTII.,rI'YCOMPANY DATA

NAME Hokuriku Electric Power Company
15-1 Ushejima-cho
Toyama City 930
Japan

OWNERSHIP 1 Major Stockholdine Mitsubishi Holdinp
Japanese Insurance Companies -- 9.2% 0.0%
Japanese Banks -- 13.8% 0.0%
Japanese Trust Companies -- 1.7% 0.0%
Japanese Manufacturing COs. -- 7.3% 0.0%
Foreign Holdings -- 2.0%

BUSINESS 1

• Provides electricity to three prefectures in Hokuriku area.
• Large hydroelectric power generation percentage of total output.
• Power rates lowest of the nine power companies.
• Commercial and industrial use 65% of rev. -- residential use, 25% -- other, 10%.

• Housing demand growing, industrial demand sluggish, total 2.3% increase.

SIZE t

• Total electric'capacity -- ___GW(e)
• Nuclear electric capacity -- 0.6 GW(e)
• Nuclear capacity under

construction -- 0.5 GW(e)
• Number of employees -- 5,472
• Sales -- ¥450,000 million ($38 billion) -- March 1993
• R&D Expenditures -- ¥3,709 million -- March 1993

NU_
RESPONSIB_ 1

• BWR user.
• Major efforts underway to increase efficiency and install nuclear plants.
• Shiga plant, the company's first nuclear plant started 25 years after the project was

announced.

t Japan Company Handbook, Spring 1993.
2 Hokuriku 1993.
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JAPANESE _ COMPANY DATA

NAME Chugoku Electric Power Company

OWNERSHIP 1 Major Stockholdintr2 Mitsubishi Holding
Japanese Insurance Companies
Japanese Banks
Japanese Trust Companies
Japanese Manufacturing Cos.
Foreign Holdings -- 0.0%

BUSINESS_

SIZE1

s Total electric capacity -- 7.7 GW(e)
s Nuclear electric capacity -- 1.3 GW(e)
• Nuclear capacity under

construction -- 0.0 GW(e)
• Number of employees -- 0000
• Sales -- M979,718million ($8.5 billion) -- March 1993
• R&D Expenditures -- _q_0,000 million -- March 1993

NUCIF_AR
RESPONSIBIIXFY 1

1 Japan Company Handbook, Spring 1993.
2 Chugoku.
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Appendix G provides the major • the local communities, cities, or
stockholdinp data (including foreign prefects are majorshareholders of
stockholding as a separate entry) of the utility stock.
majorJapanese utilities.

There are nine major privately owned
utilities in Japan: Four own and operate
PWRs; four own and operate BWRs; and
one does not currently have any nuclear
reactors, but is comidering nuclear energy
as a future source. JAPCO is a utility in
Japan that uses first.of-a-kind (for Japan)
power plants. They have one PWR, one
BWR, an LMR expected to be operational
in 1993, an HTGR planned as well as plans
for other advanced nuclear power plants.

TABL._ G.1 and G.2

The tables of Appendix G identify the
companies that have majorstockholdings in
Japanese Utilities. It is interesting to note
that:

• The major holdings represent about
25% of these utilities;

• insurance companies own almost half
of these majorholdings;

• the other half is distributed among
banks, trust companies, and the
cities served by the utilities;

• most of the insurance companies,
banks, and trust companies are
owned by the six majorkeiretsus;

• the Mitsubishi ke/retsu owns a
noticeable amount of the major
stockholdings of utilities. There is
not a large difference in their
major holdings of PWR users vs
BWR users; and
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Japanese Other Total
Electric power insurance Japanese Japanese Japanese prtn_pal

companies oompanies Banks Trust companies Japanese Foreign
holdinp
i i --

FtBMa milhPlVRf

Shlkclm IZ0 6.4 - 4.7 23.10 3.1

Kyushu 21.3 6.7 1.5 - 29.50 3.4

Kanmd 9.5 9.5 1.7 11.2 31.90 3.2

Hokkaido 20.4 1.6 7.7 7.6 37.30 1.9

Maximum 21.3 9.5 NA NA 37.3 3.4

Average 13.5 6.0 NA NA 21.6 NA

Minimum 9.5 1.6 NA NA 23.1 1.9

[MIMa _ BIFRf

Chubu 15.7 10.8 - Z4 28.9 2.8

Tepco 11.5 6.2 2.0 3.1 22.8 4.0

Tohoku 14.5 8.9 -- 1.7 25.1 4.7

Hokuriku 9.2 13,8 1.7 7,3 32.0 2.0

Maximum 15.7 13.8 2.0 7.3 32.0 4.7

Average 12.7 9.9 HA NA 27.2 NA

Minimum 9.2 6.2 1.7 1.7 228 20

Chugoku 12.3 8.3 4.2 13.3 38.1 1.2

Japm ......
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TaU.O.Z U.lw U.i,m_miU_iUW".W mWm=aUmVlU_)

Compmuim_th , Elecui©poweroompasimwithPWRs
majorImldisp is .............
powercompui_ S&ikoko Kywhl Kaui Okkmido

_,,mm oo,q,m_

NipomL/re K 3.7 4.8 4.9 6.3

U,,_i/._ MK S.3 _6 - --
l_d-lcldLife K 7.3 2.4 - 4.3

SumiWmo K - 2.4 2.0 2.4

Amld - 23 - ..

Totals 12.00 21.30 9.50 16.30

adnTu

Sumitono K -- 2.3 2.6 .-

Snwa IC .... 2.6 ..

Dsiwa - 2.6 --

1B J 27 2.8 2.6 3.3

LTCD - - - 1.6

D KB K 26 - -

Sakxm 1.4 - 1.7 -

l_,k.jm_ 27 ....

Fuk1_ks -- 1.8 ....

IYO Z3

Tombs 6.40 6.70 9.50 1.60

Thatm,,,p,a,_w

SumJlomo K - 1.5 1.7 1.7

M_uJ_ MK $.2

Yuuda K 2.8

Totals 0.00 1.50 1.70 7.70

Sumitomo K 2.5 ......

Kocl_Pref. 2.2 ......

Ko_ City .... 2.7 ..

Opakaa_ .... s.s ..

Tahgis 4.2

3.4

Totals 4.70 0.00 11,20 7.60



INSTITUTIONS Electricpowercomt_niawithBWR'I
| i i i

CHUBU TEPCO TOHOKU HOKURIKU JAPCO
i

Insurance Co'a

Meijiu_ MK s.4

Nippon Life K 4.6 3.9 4.3 3.8

Dal-lchi Life K 3.2 4.4 1.5

Chlyoda Life 23

Sumitomo Life K 2.5 1.7 Z1 2.3

Taiyo Life 1.2

Aaahi Life K 1.5 3.1 3.1

Totals 15.70 11.50 14.50 9.20 0.00

BANKS

SAKWA 3.1 2.4

TOKAI Z9 23

I B J Z9 4.2 3.5

L T C B 1.9 3.1 2.8

D K B K 1.5 1.6

HOKURIKU 4.7

HOKKOKU 2.8

Totals 10.80 6.20 8.90 13.80 0.00

TRUST

MITSUBISH! MK 2.0

SUMITOMO K 1.7

Totals 2.0 1.7

OTHER

Kondo Spinning 2.4

Tokyo Met. Oov't 3.1

SOGO TAXI 1.7 2.2

TOYAMA Pre£ 5.1

Totals 2.40 3.10 1.70 7.30 0.00
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Imtitutiom with major holdings Chugoku Electric Japan Atomic Power
in electric power company Power Co. Company (JAPCO)

/nmrance company

Nipon Life K 6.9

Dai-lchi Life K 4.4

Asahi Life g 1.0

Totals 12.30

Ban_

IBJ 4.1

LTCB 2.9

Hiroshima 1.3

Totals 8.30

Tmn Company

Sumitomo K 2.8

Mitsubiahi K 1.4

Totals 4.20

Other

Yamaguchi Pref. 13.3

Shinko Zaidan

Totals 13.30
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Appendix H provides information on the significant change in its technical
various relationships that have existed status.
between Mitsubishi companies and
Westinghouse Electric Corlx_ration. 1980s The second generation of PWRs

were based on Mitsubishi

1923 Mitsubishi Electric Company technology acquired through R&D
(MELCO) developed a close and experience of construction and
association with Westinghouse operation of the first generation.
Electric Corporation (_, thereby The second generation included
provided MELCO with the the following reactors:
Japanese marketing and licensing
rights to sell and produce W design -- 1981 Genkai -- 2
products (D. C. Stafford andR.H. -- 1982 Ikata -- 2
A. Purkis). As a result, MELCO -- 1984 Sendai -- 1
successfully built a large 2300-kVA -- 1985 Takahama -- 3
vertical-axis-type hydraulic -- 1985 Takahama --4
generator. -- 1985 Sendai -- 2

-- 1987 Tsuruga --2
1950s The first generation of PWILsbuilt

in Japanwere Westinghouse plants These 7 plants have a total capacity of
and in the 1970s, Mitsubishi 6GW(e).
supplied plants based on
Westinghouse technology. These 1990s The third generation of PWRs are
plants were designed and designed to provide improved
developed in the 1950s'and 1960s. operability, reliability, safety, and
They were constructed and economy. The following third
operated in the 1960s and 1970s. generation plants are either
They included: operating or scheduled for

operation in the 90s.
-- 1970 Mihama -- 1
-- 1972 Mihama --2 -- 1989 Tomari -- 1
-- 1974 Takahama --1 -- 1991 Tomari --2
-- 1975 Genkai --1 -- 1991 Ohi --3
-- 1976 Takahama --2 -- 1993 Ohi --4
-- 1977 Mihama --3 -- 1994 Genkai --3
-- 1977 Ikata --1 -- 1995 Ikata --3
-- 1979 Ohi --1 -- 1997 Genkai --4
-- 1979 Ohi -- 2

These 7 plants have a total capacity of
These 9 plants have a total capacity of 6 GW(e).
about 6 GW(e).

1966 MELCO began to sell technology
to W. revised its technical exchange
agreement, and achieved a
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MHI and Weafingimuse-- March23, 1992 • Mitsubishi has been a licensee of
(Newa Release Information,Atcmur 1992a) Westinghouse on nuclear technology

since 1958.

In the early 1990's, Westinghouse had
severe financial setbacks in its credit and • Both companies to have access to new
real estate divisions (Schroeder 1992, nuclearsteam supplysystem technology
Schroeder 1993). This required the selling developmentby the other.
of assets to cover bank debts. The business

press reported that Westinghouse • Marketing operations to include turn-
considered selling the corporation to MHI. key plants, nuclear islands,and nuclear
Westinghouse denies that discussions were technology.
held with MHI. A major restructuringof
Westinghouse followed where the • Mitsubishi and Westinghouse have
corporation was downsized by about a worked together on development of
third. This financial crisis altered APWR and to market the design in
relationships between Westinghouse and Taiwan and United Kingdom.
MH.

• Previous licensing agreements on fuel
Westinghouse Electric Corporation and design and nuclear services to be
MHI, Ltd. signed a new 10-yearagreement, continued.
The agreement altered the relationship
between Westinghouse and MHI from a
Westinghouse licensing agreement to MHI MELCO and Westinghouse --
to an agreement between equal partners April 15, 1992(News Release Information)
who will cooperate where mutually
benefitted. The agreement covers: Westinghouse Electric Corporation and

MELCO signed a new 10-year agreement.
• Cooperation on the development of This agreement covers:

commercial nuclear power technology;
however, R&D on the detailed designs • The two companies to investigate
of advanced PWRs and medium sized advanced generator technologies and
advanced passive plants will be materials for commercial applications.
conducted independently for the time
being. . The two companies to work to

establishsources for low-cost materials

• Combination of their future efforts to and components for existing products
market in third world markets, and products in development.

• Continuation of combination of efforts • W & MELCO spent a significant part
to benefit both companies and the of this century working together on
customers, power generation.

• Joint marketing (Dizard III, 1992) • Companies to exchange with each
efforts in third countries: Indonesia, other technologies and techniques for
Taiwan, United Kingdom, and China.
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reducing electrical generators service • Westinghouse has cooperated with
time. MHI in this field since 1961.

Westinghouse Power Generation business
unit HQ are in Orlando, Florida, with
manufacturing in Charlotte, North
Carolina; Pensacola, Florida; and Fort
Payne, Alabama.

MELCO HQ are in Tokyo with
manufacturing in Kobe and Nagasaki.

MHI, Fiat Avio and Westinghouse --
May 31, 1992 (News Release Information)

Westinghouse Electric Corporation, Fiat
Avio, and MHI signed a new 10-year
agreement.

• Three companies to cooperate in the
development, manufacture, and
marketing of combined turbine
technology.

• Three companies to share existing
technology, flexible manufacturing
arrangements, and cooperative sourcing
for parts and materials.

• Agreement to be basis for a new
generation of highly competitive
combustion turbine products.

• Three companies to continue
development work on a 200-MW class,
advanced 50-Hz, high-efficiency
combustion turbine.

• The three companies to pursue major
projects world-wide.

• Westinghouse has cooperated with Fiat
Avio in this field since 1954.
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