%%ﬂl Institute of Nuclear Energy Research

Performance Tests after High Pressure
Turbine Retrofit for Maanshan Nuclear
Power Plant Unit 1

Yea-Kuang Chan, Yu-Ching, Tsai, Chin-Jang
Chang, Chun-Chang Lu, Ping-Ling Hsieh

Presented at ICONE-21

by
Yu Ching Tsai
July 31 ~ August 02, 2013
é_% Institute of Nuclear Energy Research
o
Outline

Z¢ Introduction

& System flow diagram

2 Key parameters for performance test
* Test procedures
- Requirements of test conditions

¢ Test results evaluation

“t Conclusions

2013/8/29


user
打字機
附錄5-蔡員簡報


Institute of Nuclear Energy Research
"S55

Introduction (¢

~+The Nuclear Power

Plant in Taiwan:
& CHINSHAN

#BWR :636 MWe x 2
# KOUSHENG

@ BWR : 985 MWe x 2
# MAANSHAN

& PWR: 951 MWe x 2
a

-l
L

Fig. 1 Locations of Taiwan’s Nuclear Power plants.

Ref: Google map & Taiwan Power Company website
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¢ The Nuclear power shared 18.4% electricity demand in

Taiwan.
Renewable Nuclear
3.4% 18.4%
Coal
Pumped-storage\ 40.7%
Hydro Qil ‘
14% 25%
Co-generation/\ Natural Gas /
3.4% 30.3%

Fig. 2 2012 electricity consumption in Taiwan.

Ref: Taiwan Power Company website
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= Thought the nuclear power has already been a low carbon
technology, the nuclear power plants (NPP) can also make their
contributions on CO, reduction of the power sector by
improving their operating efficiency.

& In order to increase the operating efficiency or power output
for old NPP in Taiwan, several actions including power
uprates, turbine retrofits and cycle isolation improvements are
taken in recent decades,.

2 1In this paper, the High pressure turbine retrofits case in
Maanshan NPP in Taiwan was presented.
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Introduction (4

ZF The Maanshan NPP is a two-unit PWR
plant owned by TPC. Each unit has
original licensed thermal power
(OLTP) of 2775 MWH1, and began
commercial operation in July 1984 and .
May 1985, respectively. After
implementing MUR PU in 2009, the
reactor thermal power has been uprated S
to 2822 MWt (101.69% OLTP). S

-
~— -

2009
Fig. 3 Maanshan Nuclear Power Plant.
M U
Ref: http://wapp4.taipower.com.tw/nsis/optiono-3.asp
1984
100% OLTP (2775
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2 The original double flow high pressure turbines (provided by
GE) of both units of Maanshan NPP have been operated more
than 27 years. The low pressure turbines were replaced by
ABB in 1992 and 1991 for Units 1 and 2, respectively.

* In order to improve the efficiency and reliability of
operation, Maanshan NPP decided to replace the high pressure
turbines provided by ALSTOM for both units.

“+ For performance improvement evaluation, two tests: the pre-
retrofit test (baseline performance test) and post-retrofit test
(verification test) were conducted in accordance with the
ASME PTC 6-2004 “Steam Turbines” Performance Test
Code, and two test runs were conducted for each test.
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 Schedule of the performance test

May, 2012
High pressure
turbine retrofit

March 17 ~ 18, 2011 August 13 ~ 14, 2012
Pre-retrofit test « 18 months apart » Post-retrofit test

2 test runs 2 test runs
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System flow diagram
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Fig. 4 System flow diagram of Maanshan NPP.

Ref: Y. K. Chan, C. J. Chang, C. C. Lu, Y. C. Tsai, “Baseline Performance Test for Unit 1 of Maanshan Nuclear Power Plant
”, NUTHOS-9, Kaohsiung, Taiwan, September 9-13, 2012.
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4 Steam generator outlet pressure
4 Condenser backpressure

4 Atmospheric pressure

4 Generator output
& Temperatures

4 Steam pressure at high pressure turbine stop valve inlet

4 Feedwater flow and temperature to steam generators
& Steam flow to feedwater pump turbines

Key parameters for performance test

2+ The calibrated special test instruments were temporarily installed by
the vendor of the high pressure turbine to measure important
parameters that directly affect the corrected output. Calibrated,
permanently installed station instruments provided other data.

» Key measurements are as follows:
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- Before testing:

= Cycle isolation is equally important for both the full-scale and alternative

procedures and the accuracy of the test results depends on the isolation
of the system. Extraneous flows should be isolated, if possible, to

eliminate errors.

% The plant was operating as close as possible to the design cycle and

isolated the valves listed in the test procedure.

= A preliminary test should be conducted first to make sure the isolation

and test conditions fulfilled the requirement.
.= Between two tests:

‘4 Between each test, there must be a break in isolation (to maintain

hotwell levels) and a change in high pressure governor valve positions to
reduce the load by 15% (approximately 150MWe) as required by ASME

PTC6.

%ﬁ%\ﬂ Institute of Nuclear Energy Research
Test procedures ),

Table 1 Test schedule for post-retrofit test.

Run number Test 1 Test 2
Close normally open valves 14:05-15:05 11:30-12:30
Cyc!e_ |so_lat|on _completed (start of 1-hour plant 15:05-16:05 12:30-13:30
stabilization period)
Test _ _at rated condltl_ons (required stable 16:05 13:30
conditions have been achieved )
Period of test time 16:05-18:05 13:30-15:30
Date Aug. 13,2012 | Aug. 14,2012

2013/8/29
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Table 2 Test conditions required by ASME PTC-6.

Target permissible deviation of the average of the test conditions from specified | Permissible fluctuations
during any test run
Specified Minimum | Maximum
Core thermal power 100% 99.0% 100%
Pre-test (MWt) 2822 2794 2822 +/-0.25%
Post-test (MWt) 2822 2794 2822
Steam generator outlet pressure -3% +3%
Pre-test  (psia) 980 950.6 1009.4 5 psi
Post-test  (psia) 980 950.6 1009.4
Steam generator outlet steam 0.25% 0% 0.75%
moisture N/A
Pre-test (%) 0.25 0.00 0.75
Post-test (%) 0.25 0.00 0.75
Condenser backpressure Test condition )
Baseline test (inHg) Value 0.04 inHg
Condenser backpressure Test condition -0.1inHg | +0.1inHg
Verification test  (inHg) Value of baseline | of baseline 0.04 inHg
test value | testvalue

Ref: ALSTOM, Maashan unit 1 HP retrofit performance test uplift final report, HTCZ584662, 2012.
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Requirements of test conditions ;3

¢ Since the pre-retrofit test and post-retrofit test are nominally
18 months apart, the variation in low pressure turbine exhaust
pressure (condenser backpressure) is expected to be outside the
limits specified in the test requirements.

- The low pressure turbine output would be largely effected, and
the clarification of output contribution between high and low
pressure turbine was necessary. Thus, the correction curve for
condenser backpressure provided by low pressure turbine
vendor (ABB) needed to be checked.

2013/8/29
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975 T T T T T 975 1T T T T T
970 - - 970 -
) I 1 D 965 -
=z L - =
g 965 g
= B T 5 960 -1
j=9 j="
‘g 960 - §
G 3 1 = 955 -
2 2
5 955 - - 3
= | ] = 950 N
950 |- O Power correction (dpl+dp2) 5 | [ - - Design data with +/-0.2% varialion‘\
O Power correction (dp1) Q 945 [~== Design data ]
I \© Original measured power ° | ® Measured data (NSSS power corrected) 4
o5 Lo Lo 1w b 1 b 1y 11y YT\ AT EPE PN NN SR NP EI P Y
16 1.8 2 22 24 26 28 3 32 34 1.6 1.8 2 22 24 26 28 3 32 34
Condenser backpressure (inHgA) Condenser backpressure (inHgA)
Fig. 5 Correction of the output dataset to rated Fig. 6 Comparison of the output dataset with
thermal power (dp1) and condenser the ABB backpressure correction curve.

backpressure (dp2) for historical data.

+ dP1 shows the correlation between NSSS Power and change in electrical output
+ dP2 shows the correlation between condenser backpressure and change in electrical output 15
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Test results evaluation (4

* The NSSS (nuclear steam supply system) thermal power was

calculated as follows: P.: NSSS thermal power (MW)

W;, : Steam generator outlet flow rate(kg/s)
Pt = wa (hs — h fw )/1000 hsf: Steam generator outlet enthalpy (kJ/kg)

hy, : Final feedwater enthalpy (kJ/kg).
2+ The corrected post-retrofit performance is determined using
the following equations:

P _Pvmi
MW, = TS ah 00 +dP, | |HRy = > x3600x[1+( > dP, /100 )]

MW, : Corrected electrical power P, : Measured electrical power
HR,, : Corrected heat rate Pyry - Measured NSSS thermal power
> dP,, =dP, +dP, +dP, + dP, + dP + dP; +dP, + dP,, 6
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Table 3 Correlation parameter.

Parameters Correction Parameters
NSSS Thermal Power (MWTt) dpP,
Steam Generator Outlet Pressure (Psia) dP;
Condenser Backpressure (“HgA) (for 1.8~3.6 "Hg) dP;
Heater 1 TTD (°F) dPy
Steam Generator Feedwater Pump Turbine Flow (A%) dPs
Condenser Subcooling (°F) dPg
Power factor dP;
Blowdown Flow (% of SG Outlet Flow) dPg
Baseline Test Ageing Correction dPgg
Verification Test Ageing Correction dPgy
Heater 1 TTD : Difference between Heater 1 shell side saturated temperature and tube
side outlet flow temperature. 7
CE_J% Institute of Nuclear Energy Research
LA
Test results evaluation (5,

» The performance test results were corrected for reactor thermal
power, steam generator outlet pressure, and condenser
backpressure, etc..

2= Correction factors are as stated by ASME PTC 6 code. Heat
rate and electrical output must be corrected to the specific
operating conditions by using the correction curves normally
provided in the unit’s thermal Kit.
18
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Test results evaluation
* The average corrected output for pre-retrofit test was 965.6
MWe, and the heat rate was 10558 kJ/kWh.
Table 4 Test results of pre-retrofit test.
Parameter description Test 1 value Test 2 value
NSSS thermal power (MWt) 2833.41 2830.50
Steam generator outlet pressure (psia) 988.8 988.0
LP turbine exhaust pressure (inHgA) 2.33 2.34
Power factor 0.9984 0.9995
Measured generator output (MWe) 962.72 962.01
Overall output correction factor 0.9972 0.9961
Corrected electrical output (MWe) 965.38 965.82
Corrected heat rate (kJ/kWh) 10566 10550
20
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Test 1 Test 2
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Fig. 7 Comparison of the measured and corrected Fig. 8 Comparison of the measured and corrected
data during the period of Test 1: (a) electrical data during the period of Test 2: (a)
output, (b) heat rate. electrical output, (b) heat rate.
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Table 5 Corrected electrical output and heat rate for Test 1 of post-retrofit test.

Parameter description SRS Output correction factor
value value

28340  2828.9 -0.1903
980.0  976.6 -0.0021
2.00 2.39 -0.3228
8.92 8.91 0.0004
133275 134529 -0.0104
247 1.97 0.0056
09990 1.0 -0.0107
0.9948

982.54

10365

22
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test.

Parameter description Siclle Output correction factor
value value

NSSS thermal power (MWt 2834.0 2829.5 -0.1682
Steam generator outlet pressure (psia 980.0 976.8 -0.0020
LP turbine exhaust pressure (inHgA 2.00 2.66 -0.7106
Heater 1 TTD (°F 8.92 8.90 0.0004
Steam flow to SGPFT (Ib/hr 133275 136602 -0.0277
Condensate subcooling (°F 247 1.75 0.0080
Power factor 0.9990 0.9999 -0.0107
Overall output correction factor 0.9910

Corrected electrical output (MWe 983.87

Corrected heat rate (kJ/kWh 10353

23

2%

¥ The average value of measured elec
MWe. After correcting the electrical power to the specified
conditions, the average gross electric output was 983.2
MWe, which was 7.0 MWe higher than the measured electrical
power.

2% The corrected heat rate for the two performance tests were
10365 and 10353 kJ/kW, respectively. The deviation between
two corrected heat rates was 0.11% thereby satisfying the
ASME PTC 6 test code of 0.25% for the permitted test
deviation.

24
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increased from 965.6 MWe to 983.2 MWe (11.82%), and the heat
rate was improved from 10558 kJ/kWh to 10359 kJ/kWh.

i+ The improvement in gross electrical output was 17.6 MWe
comparing with the pre-retrofit test, which exceeded the 10.0 MWe
basic performance guarantee by turbine vendor.

2% The result indicates that the increase of electrical output due to high
pressure retrofit is not only improving plant operating performance
but also decreasing the fuel cost per MW output.

“Moreover, the major parameters of the turbine cycle measured
during performance tests have established a reference base for
monitoring the plant operating performance.

-V
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> AREVA Supplies Solutions for Power
Generation with Less Carbon

Its expertise and unwavering insistence on safety, security, transparency and ethics
are setting the standard, and its responsible development is anchored in a process of
continuous improvement. |

Ranked first in the global nuclear power industry, AREVA’s unique integrated offering to

utilities covers every stage of the fuel cycle, nuclear reactor design and construction, and |
related services. The Group is also expanding its operations to renewable energies - wind,

solar, bioenergies, energy storage - to be one of the leaders in this sector worldwide.
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Plant Upgrade Security of Fuel Supply
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* Reference |&C system for all reactior designs » 30 years experience in Enrichment & Conversion
» Safety Alliance program to support safety upgrades « 35% cf worldwide LWR fuel fabrication
Operations Performance Sustainable Solutions for Used Fuel Management
» Equipment and services for 250+ reactors of * #1 worldwide in used fuel recycling

all designs

« World's leading supplier of outage services,
supporting 100+ outages per year

= #1 for dry storage in the U.S.
o #1 worldwide in cask design, fabrication and logistics

> Helping Build Next-Generation Capacities

Olkiluota 3 EPR™ Alpha Ventus Windfarm,

Conception: In et Out Concepl - & Photos AREVA - July 2013

construction site, Finland ' North Sea, Germany
Nuclear Power Renewable Energies
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worldwide track record
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 World's largest inhouse EPC team operation worldwide
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Studsvik

Studsvik is the global leader in the development and support of fuel vendor-independent
reactor analysis software. We offer a full suite of licensing-grade software and engineering
services to support operating utilities, fuel vendors, safety authorities, and research
organizations. Our products are used throughout the world for light water reactor core
design, analysis, and operational support.

Our Product Line

For over 30 years, Studsvik
4 has provided the commercial
" nudclear power industry with
cutting-edge solutions to address emerging
issues and industry initiatives.

Unparalleled in the industry, the Studsvik
product line offers a full lifecycle solution,
meeting all your core analysis requirements:

» Fuel and Loading Pattern Design &
Optimization

* Reactivity Management & Core Tracking

= Transient Core Analysis

® Fuel Performance Analysis

® Operational Support

¢ On-line Core Monitoring

e Cycle-Specific Training Simulator Models

e Fuel Pool Criticality

» Back-End (Storage and Cask) Analysis

Studsvik offers advanced reactivity
management and operational support
solutions with state-of-the-art physics
models and automated engineering
functions. Our products allow organizations
to maximize engineering resources without
sacrificing accuracy.

The Global Leader

Our licensing-grade software

allows our customer to perform

their own confirmatory fuel
cycle analyses, independent of the fuel
vendor. Currently over 70 organizations are
uisng our products.

Together, we have performed analyses of
every commercially available light water
reactor fuel design over thousands of
combined reactor operating cycles.

Our fuel vendor independence allows our
customers the freedom to change fuel
vendors or to benefit from potential cost
advantages of mixed-vendor solutions,
without having to retrain their engineers.

Relying on robust, first-principle physics
modeling, advanced numerical technigues,
and first-of-a-kind engineering features,
Studsvik has created the most popular
reactor analysis software in the world.

Cloud computing

We now offer many of our
software products as “hosted
solutions.”

»

/

Studsvik provides secure connections to
our centrally hosted fuel analysis software,
removing the IT burden of maintaining,
supporting, and managing the software.
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In-Core Fuel Management
Studsvik sets the industry standard for

in-core fuel management software with

unparalleled accuracy, production-level run

times, and easy-to-use input.

CASMOS5
State-of-the-Art Lattice Physics

SIMULATE
3D, Steady-State Nodal Simulator

SIMULATE3-K
3D Transient and Safety Analysis

ENIGMA

Thermomechanical Fuel Performance
Analysis

XIMAGE

Automated Loading Pattern Design

Training Simulator Core Models
Modern training simulators require

high fidelity to the plant and real-

time response. Studsvik simulator
solutions help organizations meet these
requirements by providing cycle-specific
core models that can be added to most
existing plant simulator installations.

S3R
Cycle-Specific Simulator Core Model

Studsvik

Spent Fuel Analysis

Managing spent nuclear fuel demands
an increasing amount of engineering
resources. We offer advanced, integrated
solutions to analyze fuel pools / racks
and optimize the loading of fuel storage
casks.

SNF
3D Spent Nuclear Fuel Analysis

CASKLOAD
Cask Loading Optimization

Engineering Services

With hundreds of years of combined
experience in reactor analysis, Studsvik's
engineers can help organizations with

a wide range of core analysis services,
including:

¢ Core Reload Design and Verification
e Independent Fuel Bid Evaluation

¢ Refueling Shuffle Optimization

e Safety Analysis

e Design Certification

Operations Support

Studsvik’s integrated product line allows
a single cycle-specific core model to
simplify many aspects of plant operations,
from on-line core monitoring to refueling
optimization.

GARDEL

Advanced On-line Core Monitoring and
Automated Reactivity Management
MARLA

BWR Refueling Optimization

Studsvik Scandpower, Inc.

309 Waverley Oaks Road, Suite 406
Waltham, MA 02452-8443

Usa

Phone: +1 617 965 7450

Sweden

Studsvik Scandpower AB
Stensborgsgatan 4
SE-721 32 Vasteras

Phone: +46 21 41 5770

Rathausallee 28

DE-22846 Norderstedt
Germany

Phone: +49 40 3098 08810

Studsvik Scandpower GmbH

Studsvik Japan Limited
Nakamura Bldg. 3F

2-7-114 Shibuya, Shibuya-ku
Tokyo 150-002

lapan

Phone: +81 0 3 5464 3771
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ISSUES AT STAKE IN THE
ASIA PACIFIC

Growth in world energy demand, like economic growth, is being driven by the Asia
Pacific region, Energy demand will grow by 40% come 2035, of which China alone
will account for 36%, and India 18%.

In order 10 satisfy such energy demands, the region is equipped with a variety of
means of production, including nuclear power. Japan and South Korea already have
highly developed industries in this domain. China and India are positioning
themselves as the glants of tomorrow: China already has 15 reactors {accounting
for 13 GW), is constructing 28 others and plans on reaching 60 to 80 GW by 2020,
while India has 7 under construction in order 1o increase its current installed nuclear
capacity of 15 GW, Finally, there are a number of other countries in the region that
are also planning to make use of the atom In generating the electricity they need:
Vietnam and perhaps in time Malaysia and Thailand.

Fossil-tired power remains the most accessible and cheapest means of generating
electricity, where many projects continue to be executed. Given concerns related to i
climate change, gas, supercritical coal, and ultra-supererltical coal technologies are

generally favoured, China is already the warld leader in the latter of these. Indeed, |
energy efficiency and renewable energies are at the heart of energy policies in all of i
the region's countries.

The large amount of sunshine that troplcal countries enjoy and the significant
run=off in the region, especially in South and South-East Asia, make them very
suitable in this regard and there is growing interest in applying better
environmental and social practices in such projects, ‘

In working with countries in the Asia Pacific reglon to construct the means of
production that their growth reguires, the EDF Group brings with it expertise and |
know-how that aid the region's sustainable growth. ‘




THE BRANCH ASIA-PACIFIC
CHINI 4

ASSETS

100% EDF subsidiary, owner of the 2x360 MW Laibin B plant in the
. Guangxi Provinee (south waest China). It |s the first 100% foreign electric
sl | concession, and the first BOT contract in China, The plant has the triple
certifieate {(environmant, quality and security).

-
N

=3 :
-
n

i

|
n

i ~ Sine-Franch Jeint Venture (B5% EDF) created to oparate the Laibin B
2w plant,

Joint Venture created in 1998 by the Shandong electrical company
SEPCO (36.6%), CLP Hong Kang (29.4%), EDF (19.6%) and a regional
investment company SITIC (14.4%).

It insured the construction of three thermal power plants which are
‘ now all operating, with a total capacity of 3000MYV.

= Joint Venture between China Datang Corporation (60%), EDF [35%)
|L+_}Ir~.-'.']:'-.:’. | and the Sanmenxia municipality (5%), for the operation of a eoal
T R thermal plant of 600MW commissioned in 2007.

Gas engineering company in which EDF holds 20% of tha shares,

THE TAISHAN PROJECT

Through its subsidiary
THNPRIVC (Taishan Nuclear
Power Joint Ventiire
Company Limited), a joint
venture with its Chinese
Partner CGNPC, EDF, which

holds 20% of the company
for 50 years, takes part in
the development of the
first EFR in China and will
be involved inits
aparation.

The constrichion site of the bwa Tishan EPR 23 edtolis 2011 B Groips EOF
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PROSPECTS AND ISSUES

In 2010, China became the worlds second largest
ecanomy, while keeping growth potential of 8 to 10% per
yiar for the next decade

With 70 to B0 GW installed each year {or the past 5 years,
and a production growth expectation of nearly
50% until 2020, China is the world's largest electricity
and energy market. Today, the worlds centre for electrical
industry is moving toward China. The ability of EDFE the
warlds first electrician, to remain an industrial leader,
depends on the Group's presence in the country,

Facing a major pollution problem, China has set up an
ambitious policy to reduce CO: by GDP point of
40 to 45% between 2005 and 2020. In order to
achileve this goal, China develops technological sclutians
such as supercritical and ultra supercritical coal plants,
nuclear plants, hydro-power plants and new anergles, This
development is supported by large efforts in innavation and
development and a strong political will

in China, the Group develops nuclear,
thermal, hydraulic, as well as energy efficiency
projects and considers the area of renewable
energies, In the country, ERDF positions itself on the
optimizatien of the distnbution and. The Group's
reputation and the success of 115 past projects set
EDF as a recognized actor towards institutions and
plavers on the Chinese Market,

The Group carries a partnership palicy with local
actors for the development ol camman projects. (o
closely follow the fast cycles of research and
develapment in the country, and support the Group
activities, a R&D center opened In Beljing In
2011.
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ASSETS

EDF holds 56,25% of the Franco-lapanese consortium, erented to
dasign, build and operate the Gas Combined Cycle plant Phu My 2.2
in Vietnam. The 715MW plant was commissioned in 2005.

Mam Thoun 2 Power i'_f,ml.[l.lny, laint Venture created mn 2002, in

[ which EDF holds 40% of the shares, tiht}l.'lhi‘l with Electricité du Laos

i (25%), and EGAT (25%). The company operates the 1070MW
hydre-power plant of Nam Theun 2.

Mam Theun 2, a genuine industrial success, was designed to
iteqgrate a t':!)ll'l|ll'ljl“)‘ll!,l‘){' sef of sconomic, environmental and
social proqrams, in oraar to iI1'||f||tjn.-'g'r the I|i.-||'|§_| condibons an the
entire project area and to mitigate the effects of the project an
the local populations and the surrounding ecosystems. These
programs were designed in consultation with the local
population and the international hnancial Institutions invalved
in the project

The achievernenis of the project are internatianally recognized
and NT2 5 promated worldwide by the World Bank as a model
of respensible and sustainable project. Nearly 30 private or
public actors, inc lud in g th & World Bank, the ADB, the
COFACE, the French Development Agency (AFD), Thai and
International banks, are invelved in the project.

NAM THEUN 2

La centeale da Marm Thieur 2 & Groupo ECF
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OUTLOOKS AND CHALLENGES

South Asia include countries of varnous demographic and
ecanomie welghts, from the rich city-state of Singapore 1o
Cambodia and Laos, ranked among the worlds least
developed countries, However, the area is experiencing a
59% annual growth on averaga. The sustained Increase in
urban population led to a sharp increase in ils energy
needs Today, the installed capacity is 290 GW
and it is forecast to reach 540GW in 2020 and
1150 GW by 2020.

There are many opportunities and EDF can rely
on the good image and experience brought by
the projects already undertaken in the field of
hydro and gas combined cycle. Nam Theun 2 is an
example of responsible hy:lrc'np'lnwm development, and Fhu
My 2.2 5 a showease of the Group's know-haw in Vietnam,
with the praspect of getting invalved in new gas or coal
projects In this country, and throughout the area. In India,
the Graup watches closely the context and the actors

The Group is present throughout the area to
support countries in developing national
nuclear programs, regardless of the selected
technologies,

Pramising apporiunities exist in the fields ol
renewable energies, energy etficlency,
sustainable and smart cities, of which
Singapore sets the exarmple in the region

* Thafland, Vietnam, Laas, [ndfan
Subeontinent, Cambodge,

Myanmmar, Indenesia, Malaisia,
Phillppines, Singapore,
Australosia




LA DIRECTION ASIE-PACIFIQUE

JAPAN

SOUTH KOREA

The Group is present in Japan and Korea, where it aims at

following up the context and the actors, as well as to
strengthen the existing partnerships.

OUR PARTNERS

In terms of nuclear manufacturing abilities, the Japanese
industry has, with a few key companies, an important
place in the pane| of EDF' s suppliers, It also acts as a
supplier in the development of nuclear power in China.

In the field af EDF projects development, Sumitamo
Corp. and TEPCQO have joined forces to answer to the
first international call for tender launched in Vietnam for
the development of the 715 MW Gas Combined Cycle
of Phu My 2-2, Thanks to the intensely active JBIC Uapan
Bank for International Cooperation), Japanese companies
can benefit from favorable financing conditions and are
key players in the region, especially in Southeast Asia

EDF Trading has created the joint venture Chubu Energy
Trading (CET) with Chubu Epco, the third Japanese
electric utility, for the coal supply to its plants. Aftar
nearly three years of operation, the experiment s a
tremendous success, and the cooperation with Chubu
Epco has been strengthened,

otowoltaicoe de Gl

R&D, INNOVATION AND
ADVANCED TECHNOLOGIES

Japan as well as Korea made major efforts in R & D,
including in the areas of energy efficiency and
renewable energies, Both countries excel in
research applied to areas such as heat pumps,
photoveltaic, electric batteries and vehicles or smart
grids. The main acters in R & D are industrial
conglomerates

EDF
WORKFORCE
IN ASIA

75 umr.!lcyr!c:t Inseven
entntries

Chlfese
Lk
Yiptnnmess
Freneh
Thals
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0 years, LS fedl 86
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HISTORICAL OVERVIEW OF PROJECTS
DEVELOPED BY EDF IN ASIA

The Asia Pacific Branch, based In Beljing, was created In 2002 In order to
manage and develop the Group's projectsin the Ragion
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WESTINGHOUSE IS COMMITTED TO

PROVIDING THE

MOST ADVANCED

COMMERCIAL NUCLEAR TECHNOLOGY

Westinghouse is solely focused on a full range of commercial nuclear technology, and we are committed to bringing the
world the nuclear capacity it needs to meet the growing demand for electricity.

Nearly 50 percent of the world's nuclear plants are based on Westinghouse technology, and we are leading the way with
a full range of nuclear services, nuclear automation products and services, and nuclear fuel. In fact, Westinghouse is the only
supplier to provide a complete range of fuel for all types of light water reactors—both BWRs and PWRs.

Westinghouse is also the only supplier with a Generation Ill+ plant design certified by the U.S. Nuclear Regulatory Commission,
the AP1000% nuclear power plant. The first of these plants are currently under construction in China and the United States.

Rather than relying on active components such as diesel generators and pumps, the AP1000 relies on the natural forces
of gravity, natural circulation and compressed gases to prevent overheating in the highly unlikely event of an accident.
Even with no operator action and a complete loss of all on-site and off-site AC power, the AP1000 will safely shut down
and remain cooal.

Because of its passive design, the AP1000 has a smaller footprint and significantly less components than typical nuclear power
plants, which also helps to reduce construction and maintenance costs.

In the past 20 years, Westinghouse has invested more than $600 million and thousands of man years in advanced/passive
technology. Today, the Westinghouse AP1000 is identified as the design basis for the majority of the Generation I+ plants
planned around the world.

Westinghouse is committed to providing future generations with safe, clean and reliable electricity.

. westinghouse www.westinghousenuclear.com
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