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Challenges of Power Development in the Low-Carbon Future
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Abstract

This article aims to review the power development history in the past 70 years in Taiwan,

including historical background, major system expansion activities, the present power system,

the power policy, etc. In addition we outline Taipower’s future challenges and probable

solutions for the trend of global carbon reduction.
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The Pursuit of Green Enterprise at Tai power

KR 2R A4S E*
Tsai, Hsien-Shiow Liu,Yuan-Long Wen, Huan-cheng
o RBUE* EARE*

Lin, Jing-Yong Wu, Cheng-Hung Wang, Yu-Hui
O

GREE ~ MIRMKECLEREE S RIS HEE - MhRE S MEZ A H LB R R &
Az (E R — HEE > NELaR RO BB REZHEE - EAF TR EE
HUZFAHER > NIRRT ARGEE IR EIR ~ IR EIRORIARISN > B LUREAm A R 3% e AR RETR
AR ~ (KI5 ZAY BRI M A RRAERE - IEAMURHE B AR ORETE ~ BTk A0E
B G ER I Ak O L - MR TSI BRI > EREEAFNEmEE—
fFriElg 2t - AR XE LML G BRI E RS OAIERRE RS - BfEsEES
EPIERE ~ SRR MIEAE G AR S AER A - R ARKAYEE -

Abstract

Green energy, environmental protection and sustainable development have come to be the
universal values of the world nowadays. No longer should enterprises regard pursuing the best
interests of shareholders as the sole target of business management. Therefore, green enterprise
turns out to be the prominent knowledge in business management. Taiwan Power Company
(Taipower) fully acknowledges that energy business takes values from the earth, so in addition
to the commitment to cherishing resources, abiding by environmental protection regulations,
we make efforts in developing renewable energy with a more positive attitude, introduce
introducing low-carbon, low-pollution power source and carrying out ecological maintenance.
Furthermore, we cultivate green attitude of our colleagues, fulfill green living and establish
green supply chain with our partners, further extend the influence to the society. It is the
mission of Taiwan Power Company and the pursuit without regret. This article presents the
practices of Taipower towards green business development, including green living, energy
saving of buildings, green procurement, environmental friendliness and social welfare, and
al so proposes prospects for the future.

RE#EER(Key Words) © 45 1>3%(Green Enterprise) ~ & 85 4%48(Taipower Green Network) ~ 4% 3%
£l -5 (Green Enterprise Innovation Platform) ~ /7 3=¥&#% (Friendly Environment) o
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Abstract

With the energy crisis and rising environmental protection awareness, people start to
make the efforts in the research on or the construction of smart grid worldwide. In Taiwan, the
smart grid has been listed as the one of "National Energy Saving and Carbon Reduction
Educational Program,” which is aimed at energy conservation, carbon reduction and green
energy development.

To build a comprehensive smart grid system in Taiwan, Taipower has been pushing
forward the installation of various automation equipment, such as AMI, IED of substation and
feeder dispatch automation in recent years. Besides, our company is actively building a Cloud
Distribution Information System to strengthen the structure and reliability of the distribution
system. With the establishment of the smart grid, the company will be able to move forward
with additional plans such as customer demand response scheme, AMI applications and
renewable energy expansion program.

In the future, Taipower will continue to conduct research on state-of-the-art power system
technologies and marketing plan of the national utility, and build more robust smart
distribution systems.

BR S EE (Key Words) : fif 28 .45 (Distribution System) ~ %5825 4/(Smart Grid) ~ %5££#1 85 % (Advanced
Metering Infrastructure, AMI) ~ 545 H #{E 24 (Feeder Dispatch Control System, FDCS) ~ A #E)5
(Renewable Energy) ~ 1 E:RIEE 1455 (Intelligent Electronic Device, IED) -

*EHE A NARETFERRER
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Functionalities enabled

Remote  Dynamic Interval Theft Outage Remote Customer  Meter-to-
meter tariffication metering detection detection connect/  webportal home
collection disconnect

Australia D D D D D D D D

*Comment : Full infrastructure deployment in 1 State; tariffs and other products available

*Comment : Full deployment all over Austria until 2020
Belgium P P P P P P P P
Canada D D D D D D D P

*Comment : Full deployment in 2 provinces

China
Finland
France
*Comment : Full-deployment should start at end of 2014
Germany P P P P P P P P
India — P P P P
*Comment : Remote meter collection, interval metering and theft detection for HT consumers under
progress as part of RAPDRP
Ireland
Italy
Japan
*Note) deter illegal access to a meter and falsification of data
Korea P P P P P
*Comment : Pilot Project in Jeju Full deployment by 2020
Mexico P P P P P

*Comment : Pilots are conducted by CFE in some geographical areas

The Netherlands D D D D D D D
*Comment : Partial deployment. Dynamic tarrification not yet deployed

p
P
D

o IEl -~ ~ o o BEW
p

Norway

*Comment : The majority of utilities will have these functionalities fully deployed

Russia P “ D P D P P

South Africa Data Pending

Spain Data Pending
Sweden - D D P
Switzerland P P P P

*Comment : No national smart meter law (in preparation new energy strategy 2050)

United Kingdom D D D D D D

*Comment : Some functionality GB wide only, some at Utility or consumer discretion. Mass Smart Met
-er roll out planned for completion by 2020

United States D D D D D D

*Comment : Full deployment in some states

. Nation-wide effort D = Planned, Partial or Full Deployment
Jurisdictional effort (province or state) P = Pilot

. No coverage

B
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A-Phase Time-Ox Element
S1AP APhase Pickup [Amps secondary]

OFF Range = 0250 16.00, OFF

S51AC APhase Cusve

U3 Select U5, C1.C5
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Abstract

It has been more than six decades since the initial introduction of supercritical boilers in
the 1950s. In this beginning phase, the development of technologies related to supercritical
pressure was very limited due to the immaturity in the relevant hardware and the predominant
use of nuclear power as the base load across the U.S. and Europe at the time. In recent years,
supercritical boilers have become the mainstream development for the power industry in
developed economies thanks to their well-developed hardware-related technology and the
breakthrough in heat resistance ability of metal materials.

According to “Linkou Power Plant Renewal and Expansion Project,” the Linkou project is
designed to adopt the boilers with 25.38MPa and 4.67MPa for the operating pressure, and 604°C
and 602°C for the temperatures of main steam and reheat steam respectively. Taking into
account the consideration factors such as operational efficiency, operational manpower,
construction complexity unit startup and shutdown time, and pollutant emissions, the project is
planned to use ultra-supercritical boilers and adopt a construction strategy of “build, scrap and
build.” This study first introduces the history of ultra-supercritical boilers across the world,
then goes to the planning of the project, and finally describes the main technical features of the

ultra-supercritical boilers in the project. An overall review is presented at the end of this paper.
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Current Status of Pilot Site Investigation and Technical Development

of Taipower Carbon Storage Project
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Chiao, Chung-Hui Hwang, Lian-Tong Yang, Wan-Huei
Lee, Tzong-Te Huang, Kai-Hsuen Yu, Chi-Wen
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Abstract

In line with the national policy of achieving the ultimate goal of carbon reduction and
sustainable development, Taipower launched in 2007 a plan for the carbon capture and storage
(CCS) project, in which a comprehensive road map is set up covering the step-by-step
developments of pilot, demonstration and commercial scale CCS, respectively. By this way, the

carbon dioxide emissions from coal-fired power plants will be captured and sequestrated into
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safe underground geological reservoirs for storage, making a contribution in alleviating global
warming. Up to now, Taipower has promoted carbon sequestration research in an aggressive
way, and has completed the following work items: (1) selecting island-wide target reservoir
geological candidate repositories, and (2) screening preferred sites for the upcoming test
project. In 2009, a deep saline aquifer (2000m ~ 3000m deep underground sandstone
formations) adjacent to south flank of Taihsi Basin was elected to be a good geological storage
site, where the potentially available carbon storage capacity was estimated to be at least about
four billion tons (4 Gt-CO;) or more. This capacity is expected to be able to meet the future
long-term requirement for Tai-power CCS development. The follow-up research in 2010, a
pilot test to inject a small amount of carbon dioxide in the preferred site, was proposed; and
then in this starting phase (Phase-1) a pilot 3000m deep drilling TPCS-M1 (hereinafter referred
to as M-1 wells) was concurrently launched. This drilling work obtained 1397m cores and
many tests and analysis were conducted. This work has confirmed the suitability of the
selected aquifer as a site for permanent geological storage. If more geological data confirm that
the site is feasible, subsequent undertakings (Phase-2) will be carried out for a pilot test, which
includes one injection well and two monitoring wells. It is expected that a technology
verification can be reached through the pilot test, and a CCS technology foundation can be
made ready for developing demonstration and commercial scale projects. This article aims to
report the integration of TPCS-M1 drilling results with other investigation data, and address

current geological survey progress and Taipower technology development status.
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Abstract

Taiwan started to develop nuclear power in 1970s and listed the construction projects of
nuclear power plant as one of the Ten Major Construction Projects of Taiwan. The government
even issued commemorative postage stamps to celebrate the significant milestone of nuclear
energy to the power supply. The production from nuclear power in Taiwan reached its peak in
1985, accounting for 52.4% of total power generation - the highest ratio in history. During the
period, nuclear energy also helped our country to weather the second oil crisis It was not until
1990s, atime when the evidence of global climate change was becoming obvious, that nuclear
power emerged as an important issue in social movement. However, after the disastrous
Fukushima nuclear event in 2011, the power industry was forced to slow down the pace of
nuclear development, making huge impact on nuclear industry in Taiwan at the time. Although
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Kyoto Protocol of United Nations Framework Convention on Climate Change(UNFCCC) was
signed in Dec. 1997, there were still no signs of decline in global climate change before 2008,
and the UN requested the Party countries to be committed to the Intended Nationally
Determined Contribution (INDC) .Our country submitted the country’s INDC on 17th, Sep,
2015 and announced that Taiwan is determined to become one of the contributors to the world
in this respect. But, to our surprise, the INDC is based on a plan of reducing the nuclear power
generation in Taiwan step by step. However, the reality facing our country is that more than
90% of greenhouse gas in Taiwan is being released from our energy sector. As such, without
the nuclear power, the INDC will be a Mission Impossible. In view of the fact that, despite its
previous anti-nuclear policy, the parliament of Swiss resolved in March 2016 not to close
nuclear power plants and not to set a timetable for reaching the country’s long-term target of
No-Nuke Homeland, we still hope that our country can establish the energy policy in a
reasonable and practical manner. Before that, we will continue doing our best to prepare for
nuclear power plant life extension and activities related to restarting the Fourth Nuclear Power

Plant, in the hope that the spring of nuclear power will come back again in Taiwan.
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Abstract

Since the recovery of Taiwan from Japan colonial rule, the Taiwan Power Company
(Taipower) has made a lot of accomplishments in power plant construction, and has
accumulated a wealth of technical expertise and skilled personnel. No matter how conditions
change, power plant construction still plays a very important role for the future as power
construction is the driving force of economic development. As Taipower marks its 70th
anniversary, this paper aims to provide an overview of the power plant construction projects
undertaken over the past ten years, including Lin Kou and Talin Power Plant Renewal Projects;
Dah-Tarn and Tung Hsiao Power Plant Renewal Combined Cycle Power Projects; The Fourth
Nuclear Power Project; Hsinta Power Station Units 1&2 Air Pollution Improvement Project.
This paper also provide a brief overview of technical aspects in regard to the power plant
construction, such as civil engeering in coal storage planning, construction of main equipment
systems, and the characteristics of specific construction projects. In order to reduce the amount
of air pollution emission from thermal power plants, DNFPP has put to use its expertise and
professionalism to introduce high-efficiency power generation technologies and install

advanced pollution prevention equipment.

BE#EER (K ey Words) © Zf#i(Plant Construction) ~ AL L& #1%](Coal Storage Arrangement)
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AT~ RO~ RIRE R EE
GRIRBEK TTHRAHPEERR TS - B2AE RV
E R E A A A DA KR S
(Subcritical) &% =5 fi 178 B 5L (Supercritical)

10 fAfesE Ry
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B - £ BT S K
g% > AR B U ~ EKE ~ 0
ZH - HATERE T 2RO =80 - sHE A
i H s Mitsubishi Hitachi Power Systems
(MHPS) Group 5%&t » $ifiE A seas i B Pk
o B PU A V] [EFAEE(Circular Ultra Firing,
CUF) - ([& 13) - 5z —fig VU £ V) [B A 6%
(Circular Corner Firing , CCF) » ([& 14)J&/)
MEREAEE - BRI ) - B K ROREE B
AR EZ FIH -

13 Circular Ultra Firing (CUF)

14 Circular Corner Firing (CCF)

MR = B e B F I Ml A
triEfhi (SCR) - ARE Ryl i1 NOx #F
Ky 150ppm - &8 SCR it B 1% HE i Fo
23ppm > Hit i SCREY 84.7% > (HAR L F] PARK
Rk EREHY T aREAE ) /BOE > EF
FEAHTH3 BB BCR 2 90% L L > Byt

BHREERLT] -

(2 SRF T Bk

AN FR R B R Rt E
K i K 800 7 T PR R Y i AR e A
SROF LT o BEEH R AL EI S —
> HAEH SR EE S &S T areE > Kl
FHEAEERARE - MBI T A
EfEA - MR SINEE
SERRTN R A BRI S B i ik 5 A
BT VSR -

SROF TR R 4 U RO A A
MEES A R B AR S R TR
R~ ESHEE A R AT~ Bk
ERPEETR ~ T L R A AR ~ BRI
s BFT R ZEEE/NESE B 15 RSRiF A
Pz R - A7 B Trough(E )
A/ NEE - 22 R R FLE A R
Trough [P pld— & SHifF (5 K2 7775 7 Trough
ET5 > B E R Tl S 45 I R SR R
THEE ° PR AR AT B4 A o)
Fy=Fd

Material Handled Exhaust

2

2 Pv = Dead Weight

Air Nozzle (Belt + Material]

Air Supply
15 SRIFEH IR E

1. BES(Type 1) PR BB N ECE A 0 &
(B2 f 7 > HECEEREE - HarAH
A5 e ] BT Rs Re iRz MK
Z iRk HATEAFEER -

2. g 5(Type 1) © 8 I B [ R i 57 7 5
HECER# A R e AL 85 > BioE
R SRR - PR K22 [N - (8]



B B DAYZE ) 2 GhRL SRR E
H o

3. #EfE T (Type 1) * JIf# Trough Type » &
[E]}74 Type I k& Type 11 {#£ FH & 2= Type
I 7 S ALEe iy — Rl iH (7% & Trough)
5 FrRABE ROl e S e 0 HIR
Trough ZZZEFY Main Frame | - #73%5E%
Main Frame JjER352 2560554 o] A FT4H AT
FaEL » BN R TR - B ATk
BB ST R R R E 2 R R A IR By
PBRH AR -

(2) EIKERFE 478

RAFEMR O ERCE s Es &
1E JEE IR i 3 2 470 7 T B FH 7 =X A g B 4
flr » HAER DI E A F ZBRRBER » 71
AR S AR B i 2 B &R B F R B AR
FARTH St R » W= UR KR T 24 2 5%
af o SREAAIR ¢

HZZC2 AN POE B /K S E AR SRR
1% % (Submerged Chain Conveyor i f§
S.C.OFE Fs Bkt - $% &P\
ER o mEoREKHSEWAT I 0 &
Ja& i o ey DA i S 4 TR K B < B i 5 7 2
EE o RQAIZEREE TR I R
IREIRES IS T A - #E AR ]
T e R D 2 Al G R JES DR P 5 AR WA B IR
BEHE A BV ZE FORE BT S - &RIBEA
fiE N AE R PR E 22 R - B PATI IR S 4 T
AL o TR A 2 2R E 0 R
A JEHORE -

Hz FUHT IR 22 478 EH S AR B JEE P 2 AR R
B S JE B S S /KN IR SOt Y B R B
Mo BT DU ERE R o FEERR R U7 50
INA R % - MRS FI I ZE R R %
AR - TIRFTHZKEY—FE T2 HO
Ky THZAHIPOE -

B8 H AT EE RIS R PR &
GRS el - B KahEE Ry s R

8 BRAE RN EETRE

IR Z R B EAE AR A8 R s
ZEESK o gZEURIRH DA BUR A2 Al
HER W E oK 2 72 5 Ry P 5 A 2 % Bl
AE (FZREIREIGEFEHZER > RS
Al EAE K B2 UR IR IGE R 2 Al
22 SR T 1% P 25 A S0 08 1R R WA 88 22
SR B R E IR R 2 (B -

FZEVH KB A SR A ~ A AR K
BEIRTT IR (49 0.23% ) ~ BB R
b~ PR ZEEVN ~ ROARE R Fa R R ER
RIS (R - SO0 R s R A
2010 FFREREA 70 ZEE L > H 24
i 3 YT 5% e

RAAE TR E IR B 24 -
afe PR F 2 2 1 B 7 2SI A 1 o ] B A B
fit > AR Z EIRFEAIA © g8
A B R R - MR B (R g E
ANEEER - b3 AT [EU R IR B £ T 15
MERCR ~ RIK AT ERAEEAE -~ FFaiRiR
B R EES -

(TH) =2 M501J) R smtskes 1

B & BURREIR 2 TT(BBUR » SRR A
R E 2 KREEERERA > e R
AR ~ (EHtES - HEI ARG ZRE
FEMAEERB & - WRFFHEA SRR LE
HFE > BOIE H SIS APR > 7oy 34
RRBFHE RN -

11172 F B o 7 3 R o S i A A T
& BRI B RCREZE 61.95% Gross
PLE > Ryt iR i s Z e R E IR 1%
B o AL F A DU PR T B A O o
8 o BETSERDI R 2 SO R o R AR
BERAE ~ SR on ~ A K RIS F A
R AGEIERTEL - e UK 2 B8 %
RE SIS BRI - IESL - RS > i
ERAEXEAREES IRIEZERE
ik R AR AR BRI A 2 2 FEE R
Bt o (ST b5 2l 2 e HEARAH ] R DA
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S8BT AT

% 813 #R 105.5

RN EZARTAE - TR RBRE PRI ST A
HZEERNE -

KB R AR (R 3 R A A PR 2 SR
i fy 0 A =2 B T3S 2 MSOIF(#1~#2
1) s M501G(#3~#6 1) - T 48 &5 6 W 5
ST E TR Z Ros it R R — U2
M501) - S A FEERIRAH 2 BA BRI 2 -

K2 BEEBREEHEZEAER

% 4H A=, MHI MHI

B ) M501F | M501G I\fI%L;MEf%J
(53 CRA#L | R3S
% 2H & e ~#2 1) | ~#6 1)

W/lﬁﬁﬁﬂ%ﬂ

(G H 3 2 2
gﬁgﬁ(sn 1 1 1

4 Q A

E&;ﬂ’*”ujjj © | 720,000 | 708,050 874,500
TEAH R R

(LHV), 6,555 6,313 5,931
KJ/kWh

E‘f{lﬁ\?&+ 56.65% 58.38% 61.95%

S ARG A

é?@*ﬁ‘,‘éﬁﬁ 1,400 1,500 1,600
/ML Z s

JERMER AR L 16 17 15
R4t ER 4 L 16 20 23

SRAT IS BRI 2 2 2 R (o R A A SR 2R

=2 M5OI G FEERIRAH MR IE T 2 55
— RS Rie R I LR 2 1,600
°C o WEZRIR S 2 @ IMRHEE B RR 240
JttZTE]iE‘l AHZE B EAE G DL BRI 2%

allEgst o JIREE— PRI SRR Em A B
KR ZE - DUZRIRCERIE 2 HAY -
LU J-type SRIBERIES —4RE) - BFER B
Bl > FERH S ﬁﬂﬁ]‘*ﬂ@)ﬂ’ﬁéﬁ*ﬂ{%” gk
i A Rt SO 8 1 R SR % BT BB T
AR R -

YOERAEEE A HIGE - I A HYELmE
LUT fi# > PNERA S i 8 5 /2 Al 22 SR
o EERAVEVE > EFIFRRYHEY -
PR 73 2 A1 22 RAV SR AR Z S > Ryt
TR AR, > B A TSR A A 1
flir - FEHER VBRI R AT RS A0 > 24l
ZERAHER LAY AAIIR AR R R
T R SR - DRI 365 e i Y BAPA SR E AR PR 48
RER > WA EEURIAR > WEER REET
RAFHIEREELE T > AnlE 16 -
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Hh e b m] B B L B S AR TR PR R AH Y
I AE R ERCR AR - 122
PETHE BRI R R LAY 720 0 B A
2 TSR B A% 22 SR 2 BR 47 Lh (Pressure
Ratio) » DL Kz 5200 i £% 3 (15 f& (Turbine
Inlet Temperature , TIT) ©

BORT A2 MSOLT SEoB iRk - R4 %
SR 2R AT W ARG R/ (BB AR R 4
IER Z R - hrete (it B s Z BR4EEE -
M501) 7 BRGERE DT FLaR e R 4H Ak » T EE
fik 23 AV ERMEEL - H 8 —FI B =4RAyn]
SERFIE 7 ] DASH B A R AU 22 SR YU
BRGERAE - A0 T e RS ER PR
AR (AR ~ (R HRRE )RR S 2R

F-series G-series J-series

+ Serpentine « Serpentine+TBC

Film Cooling ',

* Serpentine+Advanced TBC
« Advanced Film Cooling

Film Cooling Advanced
Film Cooling ,,

Serpentine
Cooling

= Se erpentine
Cooling
(Turbulator) |

S erpentine
Cooling
(Angled Turbulator)

&l 16 55— EhTE i all i b

M501) 2 B |7 BUENZE SRR - Rl R
0 R P e O R R Y 22 SR DA R 72 BT

(Angled Turbulator)



LP Bleed|

MP BI B ,.‘. R
S \

T nedes
i

TRt 2 A1 2% R - AN E 17 R > B8R
JIRYUCEC - R e BVAREDE - BT R4
TREENEREE R B ELIEE Hh R AR 2 Al
B IURATER - BREtE S R ER RE
B R AL Al R s =4 EER
BRGEHEEE T AR R B EE R A LS
AR AR TE R o MRS — 4k
FrEE R AR M O 2 22 R E B4 40 -
BRAEHEEE R BB SRR T 2 AlE Rt EE A
Z RSN A THEUBR AT N B TR 22 R
A o7 I 1A% 4H B B B TR 28 BR E AR SR IR

#4 Stage Cooling Air

#3 Stage Cooling Air

‘g—\ l:l #4 blade Cuuling Air
ooler Filter

#2Stage  Cooling Air

17 R RAREH

Fomimik s ZRBER FEAEB
RUNZRFAT LA - BRYERE T O 2 #5242
RO E AR S B 2 A ZE SRR Al 88
(Turbine Cooling Air Cooler)541%& » FHLL
AAl RIS — ~ - ZRENER oW
FVUR BT - A R BR Gl 2
EZE R OB AlER 2 Al E A F ULk
hEE R 24l

WRIEE = AL BR Gt 2 IR YR BE = RS
o BIERRBEIRY TR RS S LR
f& - M501J i —{{ 2 M501F - M501G [&
A 16 ERE=E - HE =&
(Combustor Casing) k2 ¥4 | IE B (Fuel
Nozzle) ~ PAEE N E (Combustor Liner) ~ Z¢

8 BRAE RN EETRE

K& (Cross Flame Tube)ZF BT A1/ Al %
4% (Cooling System) ~ %f Sk % 4% (Ignition
System) ~ K & {E H] Z2 47 (Flame Detection
System)FT4H Y » ¥ASE N & HYDH F Re b 22
[ S8 YRURE Y R 728 SR B JBR 4 2 SR A TR B
B RE AR TEIED)  PRBE=EN
8 Ry T RE AR 2RI Y =M > [ A T 24
SR EMN EENAIRE - FEE LR
BRSO R Y ZE S HH S A O i B
fiE (HRSG) 2 AW BERE N » DUEF[E0R AR
Fi o T B T D UPABERF I EE R - fEEBERY
SMAE R IR B - DU/ D R e I 2 A Y i
g - Ak 18 -

From Combustion Swirler recovery

Acoustic Liner

Fanel of

l\_ Acoustic Liner J

18 PRI Bl S AR B

=220 E] MS01T R EFR TR AH 7 i o
&2 Rikat o FERESCRIE ST
AN EIEE FrH L B TEHETY 106 45 5 H#EZ
A JEE TR R RE Ry 2 BRSSO R A v Z S R A
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FH 7 B BA LU B B2 Tk S B8 R B ey
G5 > FII_ERRHER BT B
B IEETE R E T 2 AN E R
Rl - FoE g R et 2 o Rl > A
= AR HL AT Ry R 5% B T Y TR ARG
flr o FHAPAE S B B Y RBCRKHTBRES -
[F]RF 2l CO, ~ NOx ~ SO KEZERITHY)
HRICAYRERE © L - WA SR B 2 J Rl
AYERRE > —E WA fE AR RS
OB TT R ES ST - BN E AUk
FE BB T B I SR B i g S AH Y

Bt BLERLE » HE T 12 S A ORI R R0
FANHIHRRL ©

Ry (B ER TR 38 SR AR A S5 i 4K
B w o AR SHEEERAMHESE
B WRAH 2 BRIE R T RORTE TR
AR - BER - g RRE
Z e RE BV Z BN - #im EmE 0 KR
#% Mollier [EfT/R @ #5278 B ST BLR
% » A= A F BE(Available Energy) -
&E BB 528 (Rankine Cycle) 74 - f£4H
B AR B BRI GR T REEL
FTIMEE RS - BRIEEAFECEHEZ
WRGE 2 BB AR AH 3T Ry REGE LS H%4H > 05y
AR BB 93 4 . 94 iRy & 149~ #10
B HOREm R O ZROR R R 1655
MPag/537.8°C/537.8°C = fi LA BTl HE4H = B
FER R BLAE - BRI BE T
EESLER T) 16.5 MPag(2,400psig) i & £
b SLER 77 24.1MPag(3,500 psig) » JAEEFE
BRNAFREBFERZ 1.7~1.8% » HHEIE
= 2 31.0 MPag(4,500psig) - FAEEFERHA]
RE AT RAREEFERZ 0.9~ 1.0% - 5
—JFH &R AE 3 280500 S B L
77500 S iR = 4 27.8°C (50°F) B (40
538°C/538°C—538°C/566°C—566°C/566°
C—566°C/593°C—593°C/593°C) » /5 A& EL

FERANRGYFEREERERZ 0.7~
0.8% > A& 19 Frow e

Relative Change of Heat Rate (%)

7
A3500/610 C
8 — B 593593
4 o . 566/566 °C
) ™ " | 5301566 C
:7 s Ll 538/538 G
2 If" A’.—/
e
0 _/ . ) .
15 20 25 30 35
Main Steam Pressure (MPa)

= 19

TR BT BRI EFER 2L B () Toshiba /3
Gl

ERZRB T RORE 7y B BAH R
RZPE > HLIREZRBE I ZJ7 3 w]
DIl SRV E SRR ER e NS &4 R b
Wi B 7K 21 408 T S BEUK IR~ ZER AR ME
[~ S s o HaaT BRI 7R A
B Gies o IELKIENE I T 9% &
FAS i B R OH ER S R A R TR | 25
o M EARVRESERZEULE
(7070 & 58 P SR ~ BB - B
ws LR ZRIRRGERME - W1 E AR
(EM MRS - (BT RE S 2 B R
R > AT ACE YA B B ffo A Bt e 5%
JEe o ST FTA S = BRI B R K
RERGVE RIPE TR E P E S e S S8 8
TRAH - (B 1512 & 780 UR B 2 3 B B -
MO i st 53 E 3 B 80 B it 2
R R R SR AE o (55 A Bl PO L
S ER D > R EGT AL - BE
1 (S BAS ~ 1 (T BRR R R 2 B EBR
VRN - RZORBEEST Ry 24.5MPa > TR0
Sz 600C » FFERITHERORE N = 2
600C ~» fHE#H BEHRHBURES 2
44.93% - HETG®EA F A EE T 2577
PR R G - Dla TP EROL
TR BB - B KRS AR - H
AHRRLT By 39.93% » % 3 Fybk g d il



e P ERIL - TR 2RI A
RERELET » R AR PROIRT i B 7
P 2 eRtE B PEROL - TR S

AT 5% -

3 MORMEEERTIRE R & L iR

Gt L
=LV

o | ok | TR
FHEHTI(MW) 800 800 550
F 35 T1(MPa) 24.5 25 16.5
FHRRE(CC) 600 600 537.8
FEGESBESJ(MPa) | 4.08 | 4.496 3.7
HEGEARE(CC) 600 600 537.8
e 4 R R (%), | 44.93*% | 45.50% | 39.93%x
LHV

* BER et ARG HE
R 103 FEENFGETERE TRERH EE

"

Akt ERHERESER 80 Bt
B TR S R AR HEVEIR B—
F#  BA 5 75 8 (Rankine Cycle with
Single Reheat) > FEHSEUT @ RFFEE S
/U /i TC4F(Tandem Compound, Four
Flow Exhausts) ~ FU&EL(HPx1,IPx1,LPx2) -
— K #A(Single Reheat) ~ 78 k2 FL B (5
&7 (Impulse and Reaction Design) » %[
20 R HREE 7 &RE: SRR 1x12 §F - HREE 2%9
G~ (R 4%6 4 -

ARMORREE R T2 AR E S E 07
EHEMAI LR - AT B ERY R
U 55 RPLZR R BEADP e MRS - 55054
R R BLUS 6L 2 [ A s e MR E
(Radial Spill Strips) » AJ[RHZE/TERE
HrpEhEE R Rlaeat bR BREE 5 — AR Eh
F ¥ H Tenon-Integral Cover and Shroud
B WIE 21 Fh - B B BR A Snubber AY
= w0lE 22 o RAIER A ERZEIER
B ER Ny [F — S F i —ilE L -
Fr RUmHREICR - HEE R MRS 360

8 EIZAERNANFHETIR

FEHLE - H oI ER D IREIES ~ TR
B 55 > (EHER A SEREME O -

Type)

0

1.0

Excitation force

22 Snubber BIITBEEEEF
390 RHRER A TR 7 (L-O) R EHL
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R RylsREE s SRS > IR E AR E 2
DL %45 (Lashing Wire)fFHE %S - AT LAFRKEYS
FTAE PT Rl E » HAHBHRHEAER > DL
Inconel 82 JR{ik TIG FREEEH - 1M HT R
PRAR (R I T RAREE R (L-0)R2E 40 I5f - 7
SR TR TR 4R EE/ (L-0 Rz L-DEF&ER
Fi Lug B Sleeve 55 7= » {ERIER IV #
HAE > A0E 23 - AH B B RURAH T S 5 e (B TR
B4 -
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LONGER BLADES IN THE LOW PRESSURE SECTION

Cowen Suymeenl Typically

23 TR R AR EE FrAS T 3K

R AR GEBRFER (B LUEE
AR SRR SR - NIt > RIERS
PR ETERE - AR BTN ~ AR
AT RS EEBRER AR
15~ SRR R AR BE TR R AH A B
FREFESE - KK R i SRy
PSRRI R (R 88 & AT R AR I TRk
1 FEE TR sk AR B — B AGHY
REHEER - I8 24 > DUERFER G E8E
e RIS G B AT 5 7 Y = R )
B -

MR a2 Z P AH fE T B G S PR
FZ TIEshe - B RARCR R IS BL
WA - Ry T ERREHAE K2 R B AT
TARERET - Hakfabhft - 2 alHdi &k
ZORIR RO SRS o U - DU /4
MR S A A = B S A P R A
Z SR -

ASSEWENY —  (WELDED

NOZZLE WELD
SPECER(OUTEEVPART'TION

NOZZLE PARTIITON WELD

Assembly Nozzle
Lifting Hole

[ 24 SHTEEMRHL TR EE Fra et B 2R G

. SERAHER ¢

PO s 2 S BSH — &S
F(Impulse)E F K 9 4 fZ #=(Reaction)
BR A - TR SRR SR AR —
12%Cr (NiCoCr)& < li#4 8 - HAf k58
[~ ZRRH R B R DU 55 (fatigue) VRS
a8 PRI IR —12%Cr (12 $8-
A SRS - BRI R ] R
LISy 24.6 MPa k2 600°C 2 78RR
R E AT

2. Dummy Ring :

FE AR 1 3 A A 2 v JBR VSR Ry B
SiEE T ER B Y 2R R EN
FEEESN > JREEE B HEST > FLHETT
K/INEy F=(P in -P out )xA avg. F T K5
b —wh AT o S BRI R ET —
Dummy Ring ¢ Dummy Ring & B &+
ZRAECIRR S ~ REAATAT 8 B
BRABEH PR #ES] 0 (15 Dummy
Ring FIIEEJ)7E7RFs P in -P out » (3%
% Dummy Ring [EE{ERG E25H
B8R AR Z Bl A HE T BE B2 Dummy



Ring & f 2 i [ #E 7R/ INMESE ~ T R4
MG AR - defrE e E -
ZREAL > DU ORI 1 ey A il - B
12 PR R RS
3. MY E Eh R R RES R (ACC Seal)
PR A AH = BR VR 2. Dummy
Ring {¢ FH 3 =il P22 = 3 s B 42 ARl D
I% (abradable active clearance control seal
ring, abradable ACC seal ring) > Z1[&E] 25 >
b e 5 il 2 A 8 R (o P T PR AR (5
e E A R/ NRIPEE - I H
FRIBA [FE R R BE EEhaR BRI - BR
FEZAh » AEREFER R 1A LB 22 (thermal
spray) Sl 28 — g % LA DLEE]
i PR ELAR B B AR B - BIEERE 7 Bl
T-fiE | PERBIG TR A B HA R BRI E AR
SR IRERE Akt A §=¥es - N ]
TR DUBCDZERORR 0 fR AR

Porous structure
=sLow Heating

sectional structure of Abradable material

Rotor with Fin

[ 25 ARCUETR R M B B R e S B iR

26 FyfH485E ;e ACC Seal EE# -
EE A 2 RES HPR Ry [ E 2 S0 » ZRIM
T EAN R N AYE iR A FHE
pian - FE(REEEREF - N2 E 8 > 1
T2 i o B P (= AR RG> BERRF /S R B
FEROR DURE SR A28 A (= R > W1
LR - R ] P i N A DA

8 BRAE RN EETRE

RIS BE B IR - ACC Seal JE]

ZaseaT (E AL C B R (= P S (i 2R i

> ZERRBE ST /)N (N5 S 7 1) B TR

AESHEPRECR § E IR SR s

ZORREE ) e RS (R E R AR

BR - DSBS > RRZEURE -
mAfter Moving /

e Seal Ring
/ = gm— mBefore Moving -
d 1 \ i g = Spring Force I = — R—
NG 5 it || Leakage

Plate Spring

A

/ [Active Seal Ring
J s Spring Plate

/ A-A
Conventional Seal ACC Seal Section

26 (iR E R ACC Seal {REDREE

RO st A & B i P R
JoiE Z MR » Dummy Ring #at R
JEE Y F S ] PR BT BR(ACC Seal) 555
R - (EEEEEEEFREE TR
HERR Z Rk -

(73) ZBRF R BN S st i

REAGNEER Rl R R G R &
Bt E 2 BE O ULsSlE (Heat Recovery
Steam Generator, f&f HRSG ) {4 HA
=ZEE LT BRI ZEB - &
HRRMRRKE)EKERARCEE E
)~ BRE ANEER A EEE o FLEEE DUR
o Eni%(Gas Turbine) Z PAE R EZIA
AE A BEELE L ERIE - AR B R A B
W8 O 2 K DU 7 OB T B H#
A ZER > HEED R #m & (Steam Turbine) 2
F o DURED w58 & - RIRIE D% >
H7REE % BEds (Condenser) 24l » il
72 BE/K g 7K (Feedwater) 24 » 4C i8R E &5
1% [0 21 BE EA O U s i B R 2505 > 0
BERR R 1R G ER 35 B =

NEEEIREESH - #2 K 6 &
MS501F FEEmi% - #3~#6 1% 8 & M501G
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SR b s i SR R R R R S R T
#1~#3 5% 6 & MSOLT SRS t% oy hlfcE
(& EA[E W S (HRSG) » H £ SRt g
tbgefak 4 -

HRSG #[DEE)H 636.9CIHEZE 659.1
T F/HFEEAKKAEH 1331 Mpa
(abs)/540.9°C /567.9 C £ = £ 152 Mpa
(abs)/600°C /602°C > {H HRSG H 135 fi (J&
BR)ANTE]EH 94.7CFE{RZ 75.3°C » R 5
#51#H HRSG BEEL[OTHY R -

BEEA UL S e = EE R T ~ BRI ASR

T4 NTEHIH6 BEROETE HOTH I3 PR TR
= ER A B BNl s S T AR LR

RALAn T

PRAHIUSC) T HE
” NI TR | KIEH3~H6 14 }E?#;ETZZ 1. S
- = EE RS *
TR (M30IF) 1 (M501G) (M501J) - -
"HH B[] S S I 1 R A B LA v R B UK
. 6 1 i 6 I 2 TR RS - IR
HRSG %47 a1 dep | 2 i 1 4k 21 A e e o o
fcE ek | B 4 EE | s #E - SEERSRERH o SEBEK G
2 0] | g 3 i
= BR ] 7K 28 4% F 2R o J > HE
T YFIR ey p———— EEITJFT@@ K% IEE%\EB}‘#?%EWEE ic3
HRSG Rz | ZAMB IR/ | ZAERR/EE | ATEH/K CIEIER ~ fKE R A S BERTRNES
HRRM | BRI | PRRR = R 7 B SR B K 4 R 264,
=1L NTs BA [=i=2 . Errrll/e
%X JEH T | 100% Load | 100% Load | 100% Load — R BRI SR S RE R > s
}li f;%: 32°C 32T 32°C ERTELR o WHECRIE R EEF T 0 65
/L)X
KEERAEEEE - BB G K BERH %4
| wE | 211vh | 2533v¢h | 286.9th K*ﬂ;;;; F%’Bﬁﬂﬁﬂﬁj ﬁiﬂiﬁiﬁéf
= /:/:A““n VA N«—E—‘zﬁg_:{: _7 o N _E_A:é
B [y, | 1331 Mpa | 134Mpa | 152 Mpa e B S P LR BB A
| (abs) (abs) (abs) FREK o Bl K P RE I E i 1% 4R Bl Bas Bl
U mp 540.9C 538.2°C 600°C = BRRE 2 [ DAPERIEEKE - SiE 1)
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Abstract

It has been 70 years since Taiwan Power Company was founded in 1946. This paper
provides areview on grid planning efforts of Taipower in the past, and then reveals some great
challenges in the future. Taipower has been devoted to the planning and execution of several
Transmission and Substation (T&S) projects to guarantee a power grid to meet the planning
criteria. Even though huge financial debts were accumulated due to high fuel price, Taipower
still made its best efforts to promote grid construction and power development all the time to
ensure reliable electricity supply. Therefore, the planning and execution of T& S projects have
to be effectively carried out to cut down on construction costs and improve implementation
efficiency. In the future, developing a friendly grid for renewable energy resource connections
to meet the energy saving and carbon reduction targets of government will become a
challenging mission for Taipower. To reach the goal, innovative measures of grid planning,
such as new apparatus and smart grid technology, should be taken. With all these efforts, it is
believed that Taipower can move towards a new era of utilizing the green power grid.

BREzE (Key Words) © @58t (Transmission and Substation Project) - 54 #5 5 (Renewable
Energy) ~ JE /7288 (Wind Generation) ~ 57i#/5 48 (Taiwan-Penghu Submarine Cable) ~ %7 Z: 25 4 (Smart
Grid) «
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Introduction to Technical Sophistication in Power Transmission and

Substation Projects over the Past Decade
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Abstract

This article presents an overview of technical sophistication in the power transmission

and substation projects of Taiwan Power Company over the past decade, such as introduction

of new technologies, innovative engineering methods, advanced equipment/material utilized in

other countries and references to foreign experiences. By way of those measures, we aim to

strengthen the reliability of power supply and safety of operation and maintenance. In addition,

the prospect and planning for research and development are also depicted herein.
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Past, Present, and Future of the Dispatch Systems of Area Dispatch and Control Centers

E2 T Ty & & > A 0
Lee, Jian-De Kuo, Fong-Jih Bair, Yun-Nian Hsieh, Feng Hsun
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Abstract

This article briefs the building process of automation of the power system from the first
generation of the dispatch system, namely, CYBER system, to the existing dispatch system of
each Area Dispatch and Control Center (ADCC) Particularly, the construction process of the
dispatch system presently in operation at Taipei Area Dispatch and Control Center (TADCC)
and the current status of the improvement measures of the aforesaid dispatch system were
presented in more details. As all the dispatch systems at ADCCs of Taiwan Power Company
have been running for more than a decade, the progress of the replacement projects for the next
generation of the dispatch system is then stated in the latter part of the article. Furthermore, the
expectations and some specific functions of the new dispatch system are also described in this
article.
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Dual-Master Synchronous Operation Scheme at Taipei and Kaohsiung CDCCs

B RE WM E*
Lan, Hung-Wei Hsiao, Tsun-Yu
W =
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Abstract

Ten years ago, Mr. Cheng, Ching-Lung, the former Director of Department of System
Operations, published a paper entitled “Taipower’s System Operations for the Past Six
Decades” in the Monthly Journal of Taipower’s Engineering in commemoration of Taipower’s
60th anniversary, stating valuable experiences in power system control and dispatch over the
past 60 years. Ten years has elapsed since then. The power system operations have gone
through changes and challenges more complicated than those in the foregoing 60 years. Not
only does the power system become increasingly complex, but various external factors restrict
the professional practices of system operation from time to time. The operators/dispatchers
have appropriately addressed and responded to all the challenges and obstacles, to maintain the
steady and secure operation of the power system without any record of wide area blackout.
Apart from the efforts of our colleagues, the Center Dispatch Control Center (CDCC) has
played a very important role. Particularly, with the establishment of new CDCC in Kaohsiung
we realize the Dual-Master Synchronous Operation Scheme at both Taipei and Kaohsiung
CDCCs. It is the first successful and operational model implemented in the world, which
ensures more robust and reliable power control and dispatch operation. This paper presents an
overview of the current status of the dual-master synchronous operation scheme, the
innovation, evolution, and highlights of the power system operation over the recent ten years,
together with the prospects and challenges.

*GHENRATH ALK
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Abstract

Taipower’s Research and Testing System is a unique branch of the company under the
direct supervision of the President. Based on macro vision and innovative thinking, it has been
assisting the enterprise to manage challenging issues in both the business operation and the
power technology areas with a goal to promote the company’s overall competitiveness. Taiwan
Power Research Institute (TPRI) as the core organization of the system is responsible for
research and testing business of Taiwan Power Company (Taipower). Under the guidance of
Taipower’s overall business objectives and developing strategies, TPRI, in addition to its
conventional role as a “supporter in technology”, is expected to turn into the new roles as a
“leader of professional teams” and a “think-tank to the top management”. For this purpose,
TPRI has begun to enhance its R&D management and planning based on the “top-down”
viewpoints in parallel to the original “bottom up” perspectives in order to meet the
requirements of four research dimensions, namely (1) operational strategy and risk
management, (2) demands of sustainable development, (3) efficiency of the system O&M, and
(4) innovation and evaluation of infrastructures. TPRI is making every effort to achieve its
objectives for its further advancements, such as improving the quality and quantity of research
and test businesses, providing the innovative technologies and solutions in response to the
company’s difficulties and challenges, enhancing performance and reducing operational costs
for Taipower, and so as to assist Taipower in advancing toward a prestigious world-class
electric utility group.
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