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The deregulation of electric power retail

transactions, globalization, the action taken
to deal with environmental problems and oth-
er factors constituting the circumstances in
which the electric utility industry finds itself
today have ushered in a period of major
changes, the likes of which have never
before been experienced by the industry. It
is against the backdrop of this competitive
market that Tokyo Electric Power Company
(TEPCO), as the nation's leading name in
energy services, is working even harder to
make the roots of the trust that our users and
society have in us more solid and unshak-
able. Among our efforts to ensure that stable
supplies of electric power are provided at all
times, thermal power stations have been the
power supply facilities with the leadership
role which is indispensable in these times.
The ardent thoughts and feelings of each
and every company employee are now
being directed toward the utilization of these
facilities.
It is so true to say that "Thermal power is
human power." In the months and years
ahead, we will be demonstrating our firm
commitment to the realization and fulfillment
of our roles and responsibilities and to mak-
ing a valuable contribution to help create a
society with greater abundance through the
merger of our technological prowess that
supports our latest facilities and our human
resources.
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The central command room is where we watch over
the Yokohama Thermal Power Station which generates
electric power at such a high level of efficiency. Infor-
mation on every stage from the supply of the fuel to
the generation and transmission of the power
appears on the latest touch panel monitors, and it
is here that centralized control is exercisediover the
operations. To cope with the demand for electric
power that is changing from one hour to the next,
our teams are hard at work in the central command
room on a round-the-clock basis to maintain a
stable supply of power and ensure safety.
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Among the different forms of energy that keep modern-day society
running, electricity is used in the widest range of applications. Due
to the recent transition of Japan's economy to stable growth, the
development of energy-conservation measures to tackle the problem
of global warming, and various other factors, there are signs of a
deceleration in the growth of power consumption that has continued
to trace an upward curve to date. From the medium- and long-term
perspectives, however, power consumption is still expected to
increase steadily.
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Recent Changes in System Peak Load
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Although Japan is the third largest consumer of energy in the world, its
sparse energy resources create dependence on overseas supplies to meet
approximately 95% of energy needs.

Spurred into action by the two oil crises, TEPCO has striven to become more
energy-secure by, for instance, diversifying both the types of energy and their
points of import as far as possible. As a result of its efforts, whereas oil-fired
power used to account for 70% of the total electric power generated prior to the
first oil crisis (in 1973), there has since been a reduction in oil dependency
thanks to the well-balanced combination of hydroelectric power, liquefied natu-
ral gas (LNG) power, and nuclear power that are now provided.

TEPCO is committed to promoting the “best mix” power generation that
achieves a well-balanced combination of hydroelectric, thermal, nuclear and
other types of power, while taking thorough account of a whole host of different
factors such as the stability of fuel provision, compliance with environmental
standards, safety, and the characteristics of power generation facilities.

( %BEHEBRLEORB )
Trend of Gross Generation's Ratio
by Types of Energy Sources
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The manner in which electricity is used varies significantly from season to
season and according to whether it is used during the day or at night.

For instance, late at night on a summer's day, the electric power demand may
drop to less than 50% of the daytime level.

Thermal power generation can absorb this kind of change in demand. In other
words, adjustment of output to meet the power consumption requirements of
customers is achieved by daily start-up and shut-down (DSS), weekend shut-
down (WES) and other methods at the company's thermal power plants to
achieve a stable and adaptable supply of electric power.

(Bt ZHOBENEENEV) (O-FH—-Fe#RHOHE)
Change in Demand with Respect to Load Curve and Supply
Difference in Time of Day and Season [ 20-m ]
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TEPCO's Power Grid Map
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Grid that supports the Tokyo metropolitan district
(Transmission Network)
I
Today, TEPCO is operating power stations in 190 locations.
What's more, it has constructed one of the world's largest power grids to
ensure that the electricity from these power stations reaches customers
reliably and efficiently.

THERMANBIOWIER IS
HUIMAINBRIOWE R

Introduction

L& Power Station

) '
Hydroelectric power station
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Thermal power station

BN
Nuclear power station
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Latest technology, that keeps
entire cities runhing, can be found even
in the single blade®T a turbine.

This is the steam turbineiinithe Yokohama,FThermal:Power Station.
Countless blades are mounted on the shaft that runs through its
center, and 600C steam is passed to the shaft that rotates at the
high speed of 3,000 rpm to generate quantities of power as high
as 125MW. As the company’s key source of power, TEPCO’s
thermal power stations achieve the stable generation of electric
power while by so doing it sustains the lives of the city-dwellers.
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{iJ13E%  Steam power generation
|
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Steam power plant facilities constitute a means of power generation
that uses the expansion power of steam. Fuel is burned inside a
boiler to heat water and generate steam. This steam is then used to
drive turbines which in turn drive the power generators to make elec-
tricity. This steam is suitable for the use of thermal energy of relative
low temperature (below 600°C).
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Schematic Diagram of a Thermal Power Station

(LNG-Fired Station)
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The challenge of
achieving highly
efficient power generation
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LT

Fuel Tanks

Natural gas produced in such places as Malaysia, Brunei, Das Island
and Alaska is converted on-site to liquefied natural gas (LNG) with a tem-
perature of —162°C and a volume which is 1/600th of the original gas,
and transported in specially designed vessels.After the LNG has been
stored in tanks with a double-walled construction like that used for a ther-
mos flask, it is turned back into gas by a vaporizer and transferred to the
boiler. One kilogram of LNG generates heat equivalent to some 13,000 kcal.

BLINEESNTE LMK EHRPL .
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Ei31,100C~1,500CIC LR . F2—THDKIFER - SENETELE
R[E—EANEESNET,

Boilers burn the fuel transferred from the tank and use the resulting heat
to convert water into steam. Inside the boilers are tens of thousands of
water-carrying tubes. When combustion commences, the temperature
inside the boilers rises to between 1,100 and 1,500C, the water inside
the tubes is turned into high-temperature and high-pressure steam, and
the steam is transferred to the steam turbines.

A W BEKNEEROME S
Fuel tanks at the Sodegaura Thermal Power Station

A BRBAAREAOA(S-—RE/N—F—0O
Burner outlet in the boiler at the Higashi Ohgishima
Thermal Power Station
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Turbines

The steam rotates the turbine blades at a high speed of 3,000 rpm.
This turns the power generator, which is directly coupled to the turbines,
and electricity is produced as a result. This electric power is then deliv-
ered along power transmission lines and through substations to the
homes of customers. The steam is cooled by seawater in a condenser,
restored to water, and then returned to the boiler for re-use.This cycle of
water to steam to water is repeated over and over again.

A HRNHREEF/ Yokohama Thermal Power Station

A BTEANREBANOERL—ELOFURE
Steam turbine blades at the Sodegaura Thermal Power Station
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Shinagawa Thermal Power Station
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Combined cycle (CC) power generation
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Combined cycle power generation is a method of generating electric power that
combines gas turbine power generation with steam turbine power generation.
By employing a 1,100°C class gas turbine in the high-temperature section and
by effectively recycling the exhaust energy of this section in the steam system,
the thermal efficiency can be boosted to 43% (LHV47%).Furthermore, several
small-capacity individual units are combined to configure a large-capacity
power generation facility, startup and shutdown operations can be easily tai-
lored to the fluctuation in demand. For this reason, by adjusting the number
of operating units under middle and low outputs, the facility can be run with
the same high efficiency as with the rated outputs at all times. This, together
with other features, makes combined cycle power generation an excellent
system in terms of its mobility and thermal operating efficiency.

TEPCO turned its attention to the above-mentioned benefits of combined cycle
power generation since its early date in 1986 and introduced it into the Futtsu
Thermal Power Station where a combined total of 2,000MW are generated by
Group1 and Group2.

(AU AV F LIV RBOLLS)
Combined Cycle System
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1,300 C#ay AV A7 V3 (ACCHEE)
1,300°C class of combined cycle power generation
ACC (Advanced Combined Cycle)

1,300 C#Ea> /N1 K417 3E (ACC: Advanced Combined Cycle) Tl . HZX&Z—
ECOAOHXBEET,300CAFRILTIEEBICKTLZ—EUICEVWTH RREHSE
R SELL . SOETBRYAIVNEERTIIECEVADROR LEF>TVETY,
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With advanced combined cycle (ACC) power generation, the inlet gas tempera-
ture of the gas turbine is raised to 1,300°C, higher temperature and pressure levels
are established as the steam conditions in the steam turbines, and a reheating
cycle is also employed to improve the

. HARXELR/Power Cable
thermal efficiency. These enhance-

BABARR/ Switch Gear
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The challenge of
achieving highly
efficient power generation

——Accﬁ%m&z;

Outline of Advanced Combined
Cycle Power Generation

- ZSUE A,/ Air Compressor

JER /Stack

ments increase the thermal efficiency e
of ACC power generation to 50% Stear Turbine

(LHV55%). > @ HAE—E

Since TEPCO introduced this kind of o
ACC power generation facility into its .
Yokohama Thermal Power Stations in
1996, it has brought these facilities
on-line in its Chiba Thermal Power
Station, Futtsu Thermal Power Station
Group3, and Shinagawa Thermal
Power Station.

LA50 CHas AP A 7 V38 (MACCHE )
1,450°C class of combined cycle power generation
MACC (More Advanced Combined Cycle)

ACCREI X7 LEREREL HREZ—ELDAOHRBELSSICERBIELESHE - KT
BOREAXTY, HRZ—ELHEMBORRE AR - ORTUSEEEDRITERIC
&£4). 1,450 CETRIRIL T H2E T #953% (LHV59%) DEIIFREEFLE Y, mRFEbick
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EDLTREIRNEBIED RIREL BB END D SDKNREEDHLEL BT,

RREHTIE.ZD1,450CRIAL NI R Y1 IV RBES BN NEE/R . Fi2AN
REFFASRIINBATEFETTY,

This system is based on the ACC power generation system and achieves even
higher efficiency and capacity by raising the inlet gas temperature of the gas turbine
to even higher levels. By raising the temperature to 1,450°C through such technical
innovations as the development of heat-resistant materials for the gas turbines and
gas turbine steam cooling, the thermal efficiency has been
improved to 53% (LHV59%).In the future, this technology is

Gas Tutbine

MACCRENLLA

Outline of Advanced Combined Cycle
Generation of 1,450°C Class

H#H[EIRASS— /Heat Recovery Steam Generator

destined to become the keystone of thermal power generation

not only because of its ability to conserve fuel through the

improvements in the thermal efficiency and its effect of reduc- R

ing the amount of carbon dioxide discharged but also Geperater

because the larger capacities enable full advantage to be tak- BR

en of the merit of scale, which makes it possible to lower con- E"&'g”d

struction costs. Bk
Future plans call for TEPCO to introduce the 1,450°C class of “‘2%;“’ *

——1 LJ

"

HRZ—EY
#ERa-Ev| eaEmem Gas Turbine
Steam Turbine| Airj(.)ompressor [ 36 J

combined cycle power generation into its Kawasaki Thermal
Power Station and Futtsu Thermal Power Station Group4.

187k8&/Condenser — K>7/Pump
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Effective utilization of energy resources and reduction
of carbon dioxide levels by improving the thermal efficiency

¥
F By using LNG .";Is the fuel at the Yokohama
Thermal Power; Station; the discharge lev-
elsfoff soot and| sulfur oxides' that cause
:;rain arer minimized:" The plumes of
I ng|ffom theismokestacks into the

sky_.umén e air temperature is low is not
teamwUiSt like the vapor seen
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kO BT B EICHY) FAFERFI150 7t KSR (CO) DRERE
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1%) BETU/D B OESICLBRERFTHOACCREZMBTIF HF
e KENDS0% (LHVE5%) @k L TV ET,
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Each 1% improvement in the thermal efficiency of a thermal power
station translates into an annual saving of some 670,000k{ of heavy
oil and a yearly reduction of some 1.5 million tons of carbon dioxide

(CO2) generated at TEPCO alone.

From the mid-1950s to the mid-1960s, the thermal efficiency of ther-

BMHEMLOHEB
Improving Thermal Efficiency
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mal power generation facilities
stood at 30% (LHV31%). Sub-
sequent technological advances
have enabled the latest ACC
power generation facilities to
achieve a thermal efficiency of
50% (LHV55%) today, a level
which ranks among the highest
in the world.

As a result, it now takes only
about half the amount of fuel
that was required in the decade
from the mid-1950s to generate
the same output of electricity,
which also means that the
amount of the carbon dioxide
discharged has been virtually
halved.
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Thermal efficiency is calculated
by dividing the electrical output
obtained by the heating value
of the fuel. A high thermal effi-
ciency means that more electric
power is produced with a small
amount of fuel

There are two heating values
that are associated with fuel:
the high heating value (LHV) in
which the total quantity of heat
generated by the fuel repre-
sents as the heating value, and
the low heating value (LHV)
which is calculated by subtract-
ing the latent heat of the water
vapor from the total quantity of
heat. Consequently, the ther-
mal efficiency based on the
high heating value is a lower
than that based on the low
heating value. When natural
gas is used as the fuel, the dif-
ference in thermal efficiency
between the two values is
approximately 10%
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Large-scale thermal power stations
incorporating cutting-edge technology

TEPCO's thermal power stations consist of large-
scale, high-efficiency power generation facilities that
utilize the latest technology and scale merit to the full
extent. As a result, compared with the small-sized
co-generation facilities, the thermal efficiency (ratio of
the energy of the fuel used to the electrical output) of
these power stations is much higher. In general, the
thermal efficiency of co-generation facilities is high on
condition that the demand ratio of electricity and heat
are constant.

When the heat demand changes, the effective way of energy use is to utilize
the heat generated by electric heat pump unit with TEPCO’s more efficient
electricity. The system can adjust the ratio between electricity and heat
preserving the total thermal efficiency, so that the energy usage is tailored
to needs.

(OTFVF-BBELBR )
Comparison with equipment using other forms of energy
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Promotion of environmental protection measures
I

ARPAEHAEEDIERBRBERPTE.,
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Toxic substance emissions slashed
by company's own efforts

Burning coal, oil and other fossil fuels produces nitrogenous compounds (NOx)
and sulfur oxides (SOx). TEPCO has an ongoing program to protect the environ-
ment by, for instance, installing denitrification facilities and electrostatic precipita-
tors, and by introducing LNG and other environmentally friendly fuels. As a result
of its efforts, it has achieved discharge levels that are among the lowest anywhere
in the world.

Even carbon dioxide (COz) emission, which is considered to have a major impact
on global warming, has been cut to a low

emission rate level by the company's moves
to improve the thermal efficiency of its ther-

(sox:NOx#H i RELL DK )

mal power plants.
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International Comparison of SOx and NOx Emission Intensity
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Source: Estimates are based on the OECD Environmental Data Compendium 2004.and the Energy Balances of OECD Countries
2002-2003. Figures for Japan are based on a survey of the Federation of Electric Power Companies.

Changes in SOx and NOx Emission Intensity
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Development of natural energy resources (geothermal and wind Power)
I

IR TR D BITE KILETHZHDHPEICEST HE TR
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RRENTRFERNEIASINL BHHAREREEEGL THY REFRDHHIT
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Development of geothermal power

As a country with many volcanoes, Japan has a natural supply of geothermal
energy which is available locally.Geothermal power generation which utilizes
this geothermal energy is a means of generating power that both protects the
earth's fossil fuel reserves and avoids carbon dioxide emissions.

TEPCO brought the *

Hachijojima Geothermal
Power Station on-stream
in March 1999, and the
exhaust heat that this
power station produces
is supplied to the local
greenhouses.

JAFIFEBAN DR R A BAPKBHEEDBRIINF —IE.
Harnessing BIBICPALIY— eV EED
the wind to generate power DZENS EHEHTIEIPRTHLO
TEREPLERLERICAG-RVEACED TEELABANREIR S IOLE KW
BRI EH HEEBROAEBEAECEHEVMEARMEN EA AREEDEHED LN
HEICE BB ERENAREELEL,
NEXBRANREMI REFEAREEPL T HPBDENSHTHIDTEE
BAREREL TR ELE,

Since wind power, solar power and other forms of natural energy are environ-
mentally sound and clean, TEPCO has been working for some time now on
research and development projects and on efforts aimed at ensuring the
spread and increased use of these
forms of energy.

The development of technology for wind
power generation has recently moved
ahead while costs have fallen as the
equipment involved becomes larger and
larger, and it has become economically
viable to generate power from the wind
where the wind and other conditions
favor it.

In making use of favorable wind condi-
tions on the island of Hachijojima, for
instance, the company's Hachijojima
Wind Power Station is the first commer-
cially viable facility of its kind to be built
and operated by Japan's electric power
companies.
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Thermal power stations in harmony with local communities

WMTANNRER TR BILICRAETPEROFESEIC. IO0D —FKICL)
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Sodegaura Thermal Power Station has planted trees best suited to the nat-
ural environment of the locality, using ecological techniques and the natural
woods that are scattered in its vicinity as a point of reference. It has been
confirmed that a large variety of wild-life species have taken up residence
today in the area around the station.At the Yokohama Thermal Power
Station, the color scheme has been harmonized with the surrounding
urban environment while the green areas inside its precincts have been
opened to the general public for their enjoyment.

e o R L T
A 100V -FETRICET SO BN ORER
Sodegaura Thermal Power Station Planted greenery

A BEDEHOKABVE

H IR DY A7)V Resource recycling

BERBEREAREVOF ALV AT LBEIIERT 2D RRENTIEEY
DUH AT IVEREL TWET, KARSHCIREFKLIERE TRETZFRELA
SAOBEMGEEEL T EAERBIKIENF DI LRPRAEECE) ZhZh100%
BEERELTWET,

In order to play a role in building the new system — the resource recirculation
society — TEPCO has been encouraging the recycling of wastes. The sludge
generated at its thermal power stations is turned into cement and other materi-
als by waste treatment facilities, and the ash formed from heavy oil and crude
ail is recycled by recovering the vanadium from it, thereby achieving 100%
recycling for both the sludge and ash.
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Passing on the torch
of thermal power technology
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For improving operation and maintenance
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Passing on the techniques and skills needed for thermal
power generation is absolutely essential if electric power
is to be supplied stably. The Thermal Power Skills
Training Center (in Shinagawa Ward, Tokyo), uses
simulators to provide training practice in operation and
power generation equipment and devices are employed
for training in maintenance. In this way, improvements
in the training of engineers and technicians ensures
safe operation and leads to cost reductions.
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Maintaining and improving reliability and cutting maintenance costs

BERMOEREMIFE AT+ A RAOUBARS 101218, FHOBILE A EERICH I 5
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I al Purn ng b _ A f - Maintaining the reliability of equipment which has been in oper-

This is our mission. r ation for a number of years and cutting maintenance costs both

The many and varied technologies that are involved al po 9 ) require technology that will diagnose and assess precisely the
ation at TEPCO are technologies unique to the company that it has fostered ' problems that accompany the deterioration in the equipment.

and accumulated over its long history. In thiS respéct, it is no exaggeration In this respect, TEPCO has set high standards for maintaining
to say that it is the company's espoused mission to hand thesé technolo- ’

gies down to future generations. At the Thermal Power Plant Operation 1 Y and improving equipment reliability and reducing maintenance
and Maintenance Training Center, it _is_possible to encoufited] the ‘serious costs by incorporating its own assessment methods which

and studious countenances of the trginees who are striving fo master the N include ranking the extent of the equipment deterioration as the
complexities of thermal power techn
user of the power plants.
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After journeying for 4,600km across the oceans, the SS TENAGA
SATU, a Malaysian LNG tanker, arrives at the Higashi Ohgishima
LNG Terminal. Using five unloading arms, it takes more than 10
hours to bring ashore the LNG which has been cooled down to
-162C. In fact, TEPCO is Japan's largest importer of LNG. In its
experience and know-how lies a source of fresh potential for the
company.

Gas Line Map

New challenges
in new fields of endeavor
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Development of gas supply operations

RRENZ HPERADLNGEASHE Tl HZDEIRNS T/
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ZOLERRENO NN - MR EEFLEMEALTHAEEEE
ZRRALTVET,

TEPCO is Japan's largest importer of LNG and it has built up
extensive gas-handling know-how and infrastructure such as gas
pipelines.

Gas supply operations are being expanded by harnessing
these human and physical business resources.

LNGEAXHER

Actual LNG Introduction Record
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Development of engineering sal

evelopment of engineering sales and
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TEPCO is mobilizing the engineering skills acquired from operating thermal
power stations and a full range of energy service options to meet the many and
varied needs and tackle the problems that are encountered by its customers in
their utilization of energy.In terms of its consulting services, for example, it
makes suggestions to its customers on a solution service basis on the optimal
action to take in all kinds of scenarios +
ranging from the planning of energy-
related facilities to their construction,
operation and maintenance

TEPCO is also working on providing
and marketing new energy service
options with a view to responding to
the diversifying needs of its custom-
ers with all possible speed

LS NSETT ED R

AN NV T HMCH O
SRAEZONC >R MNrudt &SN
- - AEREO M CHRSE M dt L FTANI— N U dt
NUERNUdt, FiSrrodt

o CHH I < N DU O

RS 7 — =< Tl it o} 94

VIS ES SRS B3It M- 2R S HbRE
OG> | MRS S
—HENHUBEFES R
NSNS U St OHPRE

PGS  NA S-SR

Al

Electric energy is so much part and
N N parcel of modern-day society
?@9|~$¥'\0);@Hj . whether at home, in the office or at the manufacturing plant.
Making inroads into overseas operations
—

RRENNINETESTEAKAREROREER - RTFOAERHMEEFAL. - L )
FLEERCTIRF 0> RELBIN KD DEVIBEANS BHRBEELEADHE - the electric power that is the cornerstone of society,
SMEBBNICERAL TWET, BE NN LDT—I-TOJIIMNCRBOEE - B1E TEPCO is looking to clear the ever-higher hurdles strewn in its future path.
IPP7AY M ENS ML TWET EBH AL YT T BEICHIEBIICSEL .,
#PEOE L BB ROLRLEBNEEDREBRECEMLTVETS

While all of TEPCO's employees continue to
offer their enthusiastic support for the company's mission to supply

When viewed from the perspective of the users,
it's the stablest and speediest supply of electric power at the lowest prices that is wanted most of all,
Acting from the perspective of winning new business opportunities in and it is the heart-felt wish of each and every company employee to translate
many overseas areas, TEPCO has fully utilized its own technologies for
thermal power station construction, operation and maintenance which it
ING THE INVESTMENT LICENCE has asswquous\y aogumu\ated to date. the users and work toward building a better, brighter future.
THE PHU MY 2-2 BOT * YER F ECT TEPCO is zerplhg Iﬂv on chances to
e 'T‘ g :. invest and participate in power genera-
== ﬂﬂf:‘. 1 r tion projects overseas.It is now par-
ticipating in the Phy My project in
Vietnam and the Chang Bin and
Fong Der IPP projects in Taiwan
among others. In addition, it has
been energetically involved with
overseas consulting projects and, in
this way, it has been making a contri-
bution to improving the environment in
a number of different overseas coun-
tries, improving thermal efficiency and
expanding measures to protect the
environment.

these superlatives into a tangible reality for
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