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BEIBMAERATTE BEY 2 HFoB2 kX
Development Trend of Virtual Power Plant in Advanced Countries

and Policy Implications for Taiwan
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Abstract

The development of virtual power plant (VPP) is an important innovative service model in
advanced countries under the electricity liberalization market. VPP integrates distributed
energy resources (DER) , which include distributed generation, energy storage system (ESS),
and demand response (DR), distribution system connection and active and automatic demand
management.

The VPP which is connected to distribution system can greatly decrease the transmission
and distribution losses. However, it also involves more complicated distribution system
operations. For Taiwan, it is very important to consider the model of VPP for long term
national energy supply and demand planning due to the congestion issues of the grid and the
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development of ancillary services as well.

Thus, this paper is intended to study the VPP development experiences of advanced

countries and the feasibility of implementing VPP in Taiwan. Also some policy implications

and suggestions will be presented.
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Abstract

Due to the concern about climate change and the rise of environmental protection
consciousness, the operation of electricity-generation system should take economics and
environmental protection into account to achieve better overall competitiveness and
sustainable management. This paper proposes an optimal dispatch model by considering fuel
consumption and environmental factors, including CO, and NO, emissions from a natural gas
power plant. A mathematical model considering the cost of fuel, CO, and NO, emissions was
constructed by compiling the data collected during plant’s efficiency testing. It uses Lagrange
Multiplier Method and Particle Swarm Optimization, which is designed to utilize less
calculation parameters and higher convergence speed, to optimize the mathematical mode and
reach the goal of minimum fuel costs or minimum pollutant emissions. The results indicate that
analysis of pollutants emitted from each unit can be regarded as a strategic decision parameter
of gas turbine combustion tuning. In addition to fixed load analysis, the concept of minimizing
fuel cost and pollutant emissions can be adopted for power dispatching by considering actual
load demand. Therefore, decision makers can take the results obtained from this study and
draw up the dispatching strategies while they are considering actual load demand in order to
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6
-G, =G
subject to Z.:l i LOAD
G < Gl S Gl,max

'V, =123456

1,min

() ZA bR R e E H AR e U 1
1. Z & bR R
EERRAMEERY KR LR R
FAbbRBEDRR - AENR - BiEE T
FURGAHERTY 1988 A LB H] R 1
&% 38 /N 20 (Intergovernmental Panel on
Climate Change, IPCC) - fE#% IPCC j»
2006 F&fn 2 " BEZOME RS MHER
(Guidelines for National Greenhouse Gas
Inventories) ; 5+ 5 J77E KA EE A
R > K IS5 @ E f GHG(Greenhouse
Gas)z CO, /NEFHE & FT LA (13)31 5
o

CO, HHiir & (kg/h)
= WRRHEE I Ex B E x(44/12)
b HER (A Boxbix £ (B4 x4.1868 (13)

Hr

44112 : S b/ FEEILE -
4.1868 : HAE{%%4(1 cal = 4.1868 J)
IxE LR A 1

WA B 5 1T -

£S5 BHEPEREEZ BRI R

Rl BRHERUAEL
(based on NCVs or LHVs)
fE 25.8 kg C/GJ
e 26.2 kg C/GJ
EAEEH 21.1 kg C/GJ
Gl 20.2 kg C/GJ
EN=E 19.3 kg C/GJ
RIRA 15.3 kg C/GJ
Hep

NCVs : JF25#1 & (Net Calorific Value, NCV)
LHVs : A7 25%4& (Lower Heating Value, LHV) -

. ZEbbRAEICE B R E
F=(13) AT Al CO HF B 2 5T R £ 52
FH © ARHE F ExEEX[(44/12)xbiR R (5
Bt (£ x4.1868] > FEHE A Z BRI (A
SRR 5 At NS R VT ] 2
B RPN T(Eo, ) » AP -

Eo, = (44/12)xbHERT (5 8xhE (£%x4.1868
(14)

120 (14) F A (13) H 152 (15) -

CO, HERE (kg/h)=xIZARHE FH E (F)xZME(HV)
(15)

2 (15) topRlsH s P EAE A S o By R IRR
EHE > NI > RARMEMHEF)xFE
(HV)BI B3 (2 ZFEE Q=FxHV » j’KrZ
FOAS(15) AT 155K (16) -

CO, HEf R (kg/h)=Eco, x Q (16)
) LA (16)152((17)

CO, et (kah)= E, x(a; +B;G, +7,G’)
(17)

FH(17) AT FRoR Ay =X(18)

CO, =g, +bG, +¢,G’ (18)
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EE AT % 81788 105.9

(18R S ALBR I B 7] Rl 5
BEY - REERLY -

DUAE B R LS (2GT+ST) IR E
104 4E 1 H 27 A KB BB EE (%
4) > BEHERE A LR ET
EFE ST - HRIE (8 R*=0.99 » FoRTd
AR FRRE ) H (R (L S BB &
ZREGE R FER2ESRL]) - Bl
CEALHE R LB E R G R
TEA T > A0 7 -

FYRME 5 B R ELCO, HERCR R4
AL R IR LR

350000

310000

U8 270000 -
230000

' 190000
150000

(Kg

R?=1.00

I

CO

150 250 350 450 550 650 750 850
#HE H(MWH)
7 KEERIHRQECT+ST)EREES CO,
LR R i 6%

KB 2 %A~ — SRR FE = B
(R R=((19) -

CO, =a, +bG, +¢,G; (19)

W~ S (LB HE R B ED - CO,. (G,) EI
* CO, > ERHHEI AR (0)FT

CO, (G) = Zi6=1 a; xbG, x¢,Gf (20)

6
Zi:lGi =GLomw
<G, <G

1,max

2,min < GZ < G

in SG?; SG3,max
. <G, <G

2,max

subject to

4,max

38

= (20)F
CO(G) * M —EA LhxHkiE (kg/h) :
Git 55 i WitkeH s EEE(MWh) i =1,...6
a ~ boc RS ERAHRECREERR
AR B S (LT E AR T
FTS 2] R THAHIREL -

A (0) =M S bR EZ H
R EOR AR/ ME > a13(21) » Bl Alfe 2
i/ N A LR PR R

diy

Min CO,;(G) =Y, & +bG, +¢G )] (21)
Z‘f G, :GLOAD

subject to4 <=i=t ' » V., =1,2,34,5,6
Gl,min < Gl < Gl,max

(2) BELYPERCE B R rE T

NO, BRI E A LA BT R EEN =
R 2 TAF RO o by kB R g 1 SR A
(2GT+ST)fr 104 £ 1 F 27 HABEREEHR
SBREE (R 4) HEREEARA LY
T HEAT IR Sy AT > HLE (8 R*=0.99
TN U R AE T & (L gR 3% SR i
L E (B R 5 RS SRR 1L]) - 4
8 B R ALY ELEEEY G
=REBHEAFTR

FiSRHE SR BINO, HERCR I

e SRR —— STNERLYHRCR)
_ 210
< % |
I R® = 1.00
:% 150 +
& 130
g 110
Z 90

70 :
150 250 350 450 550 650 750 850
& F(MWH)

B8 REEMAFIMQCT+ST)EFE RS NO, fF

TR ik R
KE & %A 2 S S eI PR
EHEAIA(22)



FTERGHREFAFZRELFEERNIRST - LUK EERS T

NO,=w, +x.G, +y,G? +7,G} (22)
SR ALY R NO ¢ (G,)
B, NOy, » EIHIEN At (3B 7 -

NO (G) = Ziezlwi +XG, +y,G’ +2,G] (23)

Z?:lGi =GLomw

Gy min <Gy <Gy

Gomin <62 <G
subject to4 G, i <G, <G,

Gumin <Gy <Gy

G min <G5 <Gy

G6,min < GG < GG,max

A(23)

NOx:(Gi) : &t E A EPIPE & (kg/h)
Gi: 55 i Hitk4HEE & (MWh) i =1,...6
Wi Xi izt RS T EPRRAH SRR R
S EE RS LY I E BB i
PS8 =R ZIHAHIHREL -

R () =M A A LY EZ B
R BCR AR/ ME > 213(24)  BIfS 2k
RN EA PR E -

Min NO (G))= Z;Wi +XG; +Y,G! +7,G’ (24)

Z; G =Gom

Gypin <G, <G, oy

subject to{ vV, =12,3456

1,min

2 ~ RELFAEER I EPERERE

I B S am AR B R S R LS A PR S
B (% > AR EIRSCRS SRR A 7L A [H]
WEREE - R EEER AR ~ £/ CO,
HECE Ko/ NOL HERCE > LA — H Sl oK
aa AT H Z S8 RO A

— ~ REERRE IS BORRER (%

SRS AR ROR E B (R B SR SR B
15 0 TSRS 104 5 3 H K EGERIGINETTH
FERETT Ry R RE B SR - 8] 9 Ryt
[F] S NOLFEBGRE - — 9SG 2 &
HGHUE > NOx HERGEERTE « —~/SIilES
AT NO HERGREH S > HAREH . NO
RIS S EGS o 1 —HER GT1-1/1-2 4
A& R 100% &N - HariEEGR NOLFEL
SRR E BB =~ NS o B GTL-1 K
GT1-2 PERGRERT RIS - mERRERE R 2R
i~ RS B AR AR A (]
& EINOE % (kg/MWh)

=100% ®W90% ®70% m60% m50%
— PIHERGRRE

HE&E (kg/MWh)

> mee )
9 KHHHREIEE NOBERE

10 Ry 5iaH NOLBFRGREE #aE K Pk
JGRFELEEE > —SftsbR GT1-1/1-2 FHEH )
HerEERN NOL PEBGREGIRIECA - =~7557
PPk GT3-1 Jz GT4-1 SN griE#zH & NOX FEf
5 i B T (EARET % - H HEBGR G E
KT NOLFEBGRES B AETHa s R
RIS - fdrHEEH & Ry GT1-1/1-2~ Unit3
GT5-1 - pE=HEuE LR - PERGREHE/ N H
SPIHEMRET 2 - FETHEEL %] NOK FER & T7Ta
WA -

11 Bt A R EE T CO, PERGRE -
— ST A B > CO, JERGRE L
= o =~ANSEATEERIR CO, HRIGRE S 2
TSR - T —5etkPR GT1-1/1-2 i &
Hh o HEREEGR CO, HRIRE B =~/ et

39



EETIEAT

3% 817 #A 105.9

i 0 Hr GT1-2 CO, HF R e A ARt = AT

% > IEER S MEFR AR AR & e H

R

0

0.
0.
0.

HERa S iR (ke/MWh)

.5
-

_‘LFE r:vb

NOGHFECE I G 5 PGS

3

— PHERGRE

2 |

1

T
R W

m100% ®m90%

g
QAR

HEREHRAH
10 A5 hHH NOK PEfiUh 8 R K~ E PRl

o I = |

% EIRCOPE R (kg/MWh)
70% m60% ™ 50%

NEN==]

aH R

s

gt

S == 52

CRC RN R

§ 1000 : —
S 800 — HEHERGRE
= 600
= 400
=
- o (i} T
2 0 T0 m—
= :.:';:'.iis"éizbﬁm_.
CRCETROBNIRN R R R TR
= = =
© OO
AL A1

11 AN A S CO, HRiRE

=]

12 Ry t%4H CO, PERGR I #aE K Pk
JROGRIE L > — St IR CO, DERGRIE B
e {E RS H GT1-1 K GT1-2 JERGaEHuE th
IR > =~ "\Fitke CO, PERGRE S EE- - {E

& > PRRGRE FuE ) -

NG EE VNS

COHHEAIEER

~1000

2 —

S 800 |

2

= 60 | .

z i

g Mt e
& . i
%200 TR =TT qQ <+

Unit5
GTo6-1
Unit6

GTS-2
GT6-2

° me)
12 K HHH CO, PRk L i B fe P PEia &

CO, PEBGRIEEER Bl R sk 3
& PG EEE N HECPIEEETS -

9 ZEiE 12 BRI 2 IS AR
=~NTRE S o S B DRGSR A SR
568 JEE e B oy AT AR LB - N — SR AR A LA
GT1-1/1-2 3 & T NOKHRI R K [ B
— SR A SRR - EEER TR AR
MR RS S o B R EF R A H L
{2 FHRRAHIS - TR EEERIE DS (R e 5 4 HE
GREE S E BB R > W— SISt -

~ RO R A LR AT

ERRAEPN T SVESTN L i Py Ly
AHZ EARR B R (R B > DU B H SRBUA ROl
TEEHEBUET BIET R IL(E A F4E S EE 2 /)
PREHRRAS B AR fE CO2 A1 NOLHER R HoAR S
REEHRFR 6 R T -

6 NIAMEEE R/ NMUECA R AHE E CO, %D NOx EFﬁ&i(u#%E}% H3R#EH)

MWh (NT$/h) (NT$/KWh) (ton/h) | (kg/h)
3500 800.0 650.4 695.1 682.5 671.8 7821770 2.2348 1460.06 770.8
3150 630.1 605.0 643.6 636.4 634.6 7118296 2.2598 1323.45 646.3
2800 465.0 558.5 590.8 589.0 596.5 6434887 2.2982 1186.75 577.2
2400 465.0 457.8 476.5 486.5 513.9 5717960 2.3825 1041.68 514.7
2000 465.0 370.0 370.0 372.7 422.2 5080214 2.5401 903.96 488.4
Gimax 800.0 760.0 760.0 760.0 760.0

Gmin 465.0 370.0 370.0 370.0 370.0
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BRI E T EAF L RELFEENIRET —

LAREER 5B

7 R R M A R AR CO, T NO, HE (ks TR i B 3 )

e IR Y

BE ) ser | cuer | usete | mteme | poppe | SR MR CO, | NOG
am | | SRR DUERGT IR ) SRS e | s | s | BeiE
MWh (NT$h) | (NTS/Kkwh) | (tonih) | (kg/h)
3500 800.0 650.6 695.0 682.4 672.0 7821770 2.2348 1460.06 770.8
3150 632.1 604.7 643.2 635.9 634.1 7118297 2.2598 1323.49 645.9
2800 465.0 558.8 590.7 589.0 596.6 6434887 2.2982 1186.76 577.2
2400 465.0 457.9 476.5 486.7 513.9 5717960 2.3825 1041.69 514.7
2000 465.0 370.0 370.0 372.7 422.3 5080214 2.5401 903.96 488.4
Gmax 800.0 760.0 760.0 760.0 760.0

Gmin 465.0 370.0 370.0 370.0 370.0

FH2 6 71 7 LIRIAS B H SRBUE S 18 ;’ﬁ%ﬁ

EET LR/ R R A E SRR A A

Lk E = - HE G R E AT

FERH UM T EEAT B AL (E A F 45
BB i/ COFEIE i/ NOKHFIE S AHES
FERRRIREAS - HARBRE R R 8 Je R 9 -

%8 FEMBE R CO, HENUR RATEIE NO, HE i B IR A
CE | e | e | e | TOREE | e | D OO NO | 2R
EEREy MWh MWh MWh MWh MWh B E BEE PRRLR A
MWh (ton/h) (kg/h) (NT$/h)
3500 800.0 760.0 760.0 546.7 633.3 1448.39 801.9 7856640
3150 465.0 760.0 760.0 539.5 625.5 1307.79 743.2 7164328
2800 465.0 595.0 760.0 450.1 529.9 1175.30 663.3 6484656
2400 465.0 370.0 760.0 370.0 435.0 1035.86 599.8 5815182
2000 465.0 370.0 370.0 370.0 425.0 903.94 487.6 5080230
Grax 800.0 760.0 760.0 760.0 760.0
Gnin 465.0 370.0 370.0 370.0 370.0

%9 TIREHERZE/I NO, HE R R ARSI E CO, HEHUR AR
W e | coes | ouses | moms | s | o) N CO: I
EE MWh MWh MWh MWh MWh BEk = BEk = WRRHRA
MWh (kg/h) (ton/h) (NTS/h)
3500 800.0 760.0 641.0 650.2 648.9 748.4 1459.96 7837676
3150 800.0 501.6 611.9 621.8 614.7 630.6 1329.03 7132179
2800 605.0 464.8 576.1 583.2 570.9 547.0 1193.57 6455476
2400 546.5 440.5 532.6 370.0 510.4 492.0 1044.98 5756155
2000 481.2 408.8 370.0 370.0 370.0 475.0 906.32 5094647
Grax 800.0 760.0 760.0 760.0 760.0
Gmin 465.0 370.0 370.0 370.0 370.0

H# 7~ 8~ 9 HHHER R EH &RV CO, »
H HAYZER

NOLBERCERF - PARR A G - &
i/ NSRHEASH CO; »

NOL BERCE &I -
* 10 BUrSiEa B LEEE > DIEEE
AR5 ER > HERESTEF R

S EIDRN T {ES (o

R <NOL HF & Fe A < CO, PRl E R fE

e P CO, fEiE B2 Bl - FERE ST
Fy + CO FEUE R A bR <A A f (A5
T <NOL TR E R LU NOLFEE %
B HIEESHITR - NOHHRE RE LR
<R A B FE AR TR A < CO, FEI & & £
{EAEE
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EETIEAT

3% 817 #A 105.9

710 AR ~ CO, FEfE ~ NOX PECE & (LA Ui (" 58 % & 3150 MWh)

F LRt PRRIECA | SEERRRIECA | COHEE | COHERGRE | NOLHEE | NOLHER&E
(NT$/h) (NT$/kWh) (ton/h) (ton/MWh) (kg/h) (kg/MWh)
AR A 7118296 2.2508 1323.45 0.4201 646.3 0.2052
CO, Hhi & 7164328 2.2744 1307.79 0.4152 7432 0.2359
NO, HEfi & 7132179 2.2642 1329.03 0.4219 630.6 0.2002

= —HRHEBREEER

BEELAREY 104 £ 2 H 28 HATHEMEE
P22 TS A B i P 2 BE TR R DR IBURCR:
AREELR > W HERERAOR EIROR > BEE M
EEIFREAER - RAREREE AR S - 555)
DIEER 104 £ 6 H 20 HELR[E 104 -2 H 28 H
TRBEAT RN ELRE - DUIPRET R SRR B R
FEAERAVREE -

BEFRILRIR 9N 2 A 1E 2 K 2 B iaH
HER R - BRI A 2 B
R N 2 40 (CEMS) A (s I B R R 1B

12> % 5 ERAE R ERSE AR IR R Aa AR EE - I
s 2 H 28 H - 5B EERIE EIIAAER
TSR AEL A 0 5 R ] Bl 4 [ s A > — R
AR R AT Z R 2 > Fr U e B AU
H DAERH B2k - 1iseE 6 H 20 H -

[REY 104 4 2 H 28 Hi%4HEE T IRE K
B LB B 25 SO > Hoh — 5k
KIE ~ GT4-1 J GT6-2 fpf -

(—) PRRIRA R LR

o — H B3R R DA g B A A et
A TR LR - FriSai R B E plak 11> a0
o ECEE S UL -

F 11 RE 104 4 2 H 28 H MR AT B i b R g

E%’FEE EEE %}E’]Tz %Eﬁzpi@ % @1E$% COZ NOX COZ NOX
() | CRER | skl | pmREos | (ROl | SROR | PR | SRSGRRE | Hbeene
(MWh) (NT$/h) (NT$/KWh) (ton/h) (kg/h) | (ton/ MWh) | (kg/MWh)

0 2554.50 5802155 2.2714 1.9846 1072.21 503.0 0.4197 0.1969
1 2586.52 5865757 2.2678 1.9881 1084.74 5115 0.4194 0.1977
2 2481.64 5657846 2.2799 1.9767 1043.54 486.7 0.4205 0.1961
3 2488.64 5671685 2.2790 1.9774 1046.31 488.1 0.4204 0.1961
4 2507.50 5708999 2.2768 1.9795 1053.74 492.0 0.4202 0.1962
5 2531.61 5756756 2.2740 1.9821 1063.23 497.4 0.4200 0.1965
6 2484.55 5663599 2.2795 1.9770 1044.69 487.3 0.4205 0.1961
7 2570.63 5834180 2.2696 1.9864 1078.53 507.2 0.4196 0.1973
8 2635.97 5964201 2.2626 1.9935 1104.01 525.5 0.4188 0.1994
9 2497.59 5689388 2.2779 1.9784 1049.84 489.9 0.4203 0.1961
10 2286.77 5275220 2.3068 1.9322 968.07 459.3 0.4233 0.2009
11 2523.92 5741517 2.2748 1.9813 1060.21 495.6 0.4201 0.1964
12 2197.97 5106208 2.3231 1.8744 937.20 435.9 0.4264 0.1983
13 2131.61 4983257 2.3378 1.8312 914.20 422.5 0.4289 0.1982
14 2131.92 4983824 2.3377 1.8314 914.31 422.5 0.4289 0.1982
15 2175.94 5065073 2.3278 1.8600 929.56 431.1 0.4272 0.1981
16 2553.75 5800666 2.2714 1.9845 1071.92 502.8 0.4197 0.1969
17 2674.17 6040432 2.2588 1.9976 1118.83 536.8 0.4184 0.2008
18 2793.34 6280285 2.2483 2.0439 1162.61 581.8 0.4162 0.2083
19 2716.29 6124669 2.2548 2.0022 1135.09 549.5 0.4179 0.2023
20 2673.87 6039832 2.2588 1.9976 1118.71 536.8 0.4184 0.2007
21 2763.83 6220253 2.2506 2.0247 1152.28 568.0 0.4169 0.2055
22 2608.86 5910198 2.2654 1.9905 1093.46 517.7 0.4191 0.1984
23 2415.01 5526383 2.2883 1.9694 1017.13 476.7 0.4212 0.1974

=i 59986.40 136712382 2.2791 1.9644 25234.44 | 11925.4 0.4207 0.1988
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HOPABHRAS B (A LR FE G RV » FTEEAEAY
PR R AR B AR i B PR A R /D
0.0132 NT$/kWh - ZETHETEEARIE LY 79 &
TC A DALEE SR — T E R R A R

JUETT - EBIEER (NTSKWh) /5 1.8312 %
2.0439 ] - BESEFR KA O B © B/ INERAE
PRASEERE A 13 - 32 IS (T B & 5 K Bl (At ]
14 Fros -

EREN1044E2 H 28 H WARIBCA B LB B A B P A AR A EL L

3000.0

2500.0

2000.0

HHEFK(MWh)

1500.0

1000.0
1 2 3

A

== & % K(MWh)

e 3% AR AL T34 0K A A (NT$/kWh)

2.4000
=
2.3500 5
B
—
23000 &
22500 &
2.2000 %s%
5
B
2.1500

4 5 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24

AR 34008 AR ANTS/kWh)

B 13 PRRIRA R (A LEUR S R (L SR i A EL e

* 5 EEAANTS/MWh)
2100
2 2050 &
S
<2000 . *
< o ampesss
Z 1950
Z L 2
o= 1900
Bx o
EE 1850 .
m *
1800
2000 2150 2300 2450 2600 2750 2900
Gk K(MWh)

[ 14 BRRFRRA AR (58 R (A B 2 A

CO, HPFfrER B R EE /) 1018.3 ton »
P FERGREE D 0.0170 ton/MWh ; NOx H R
ERCEIREEED 1714 kg ~ PR D
0.0029 kg/MWh - [fif CO, HEHL5EEFRAE T
12~15 BEN R K AEEE - 10 R K (ERAE
PRASGRECIE (R — ~ T~ NSRS EEL - BEEERT
SRR TN HEREOR R EERHE - 206 15
B o
(2) S8 (ERPERER SR

i — H S F R DL i 21T CO,
PR LR - GEREEHE R 12 SEfRaH Ty

e & # 25 SCR1] -

HH CO, B FE LS4 R EUT - B/ N HE
TR 588 P 35y M R A R ABAR > S HE IR 5 R
0.0257 ton/MWh > Z=1H /> 1538.9 ton HEjX
& LA EE R HEE—A Ak ) 561,680 ton
/NI CO, HEu a8 il 16 -

WARHE ANy B P 28.5 & 7T ~ SRR
R AT 0.0047 NT$/kWh ; NOx HHE &z
BRI i 1378 kg - SFEHERGREE R 0 0.027
kg/MWh - 4l1[& 17 Fi7 -
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CO LG5 (ton/MWh)

0.50
0.48
0.46
0.44
0.42
0.40

e TS = Ea  SB = T~ o o RN

0 1

e R I (L COL R (ton/MWh)
R EE(ENOJFER T2 (kg/MWh)

[ 15 BRRt A R ALK i R LD IR AT e

3% 817 #A 105.9

ERE1045E2 H28 H WARIRCA B LBLAR R R ECO RNOKHFI R L LLEL

23 45 6 7 8 9

10 11
AR

12 13 14 15 16 17 18 19 20 21 22 23

0.22

0.20

(=]
NOBFEGRE (kg/MWh)

0.14

=0 MR B {ECOLBRBGRIE (ton/MWh)
= AL A B R ENOSHER 58 (kg/M Wh)

F 12 RE 104 4 2 H 28 H 2 CO, PEiE & i LB = g

e e CO, NO, ééﬁ?zi%l CO, NO, é\}%ﬁﬂ—ﬁi’:j

(%) W R BHE e E EARHECA FERREE PERaE ERRERA

(MWh) (ton/h) (kg/h) (NT$) (ton/MWHh) (kg/MWh) (NT$/kWh)
0 2554.50 1049.51 590 5842822 0.4108 0.2309 2.2873
1 2586.52 1062.67 587 5905988 0.4108 0.2271 2.2834
2 2481.64 1020.60 582 5709152 0.4113 0.2347 2.3006
3 2488.64 1023.30 583 5724084 0.4112 0.2344 2.3001
4 2507.50 1030.63 585 5757845 0.4110 0.2333 2.2962
5 2531.61 1040.21 587 5800906 0.4109 0.2319 2.2914
6 2484.55 1021.72 583 5715358 0.4112 0.2346 2.3004
7 2570.63 1056.15 589 5874464 0.4109 0.2290 2.2852
8 2635.97 1082.85 589 6004503 0.4108 0.2233 2.2779
9 2497.59 1026.76 584 5740469 0.4111 0.2338 2.2984
10 2286.77 947.45 531 5316298 0.4143 0.2320 2.3248
11 2523.92 1037.13 586 5787050 0.4109 0.2323 2.2929
12 2197.97 915.35 501 5152658 0.4165 0.2279 2.3443
13 2131.61 891.87 482 5036580 0.4184 0.2263 2.3628
14 2131.92 891.98 482 5037119 0.4184 0.2263 2.3627
15 2175.94 907.51 494 5113529 0.4171 0.2272 2.3500
16 2553.75 1049.20 590 5841433 0.4108 0.2310 2.2874
17 2674.17 1098.31 594 6081001 0.4107 0.2221 2.2740
18 2793.34 1145.90 625 6321990 0.4102 0.2239 2.2632
19 2716.29 1115.25 603 6165774 0.4106 0.2221 2.2699
20 2673.87 1098.19 594 6080382 0.4107 0.2221 2.2740
21 2763.83 1134.21 616 6262006 0.4104 0.2230 2.2657
22 2608.86 1071.81 587 5950402 0.4108 0.2250 2.2808
23 2415.01 995.17 570 5569623 0.4121 0.2359 2.3063
=1 59986.40 24713.72 13716 137791438 0.4120 0.2287 2.2970
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= AT SK(MWh) e 555 (£ {ECOL HERGEE (ton/MWh) e fEECOBER5EE (ton/MWh)
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§ 0.26 2.38 §
S 024 e
E) 2.33 £
ﬁ 0.22 ’ %
g 0.20 228 E
018 S
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Z 0.6 223 B
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R

o R A £ ENOJEI 7% (kg/MWh)
e R B PIIRARLR A (N TS /A Wh)

== CO PR I ENOHFFBGRE (kg/ MWh)
—0— COHFBUR (L THIRAEHR A NTS/kWh)

17 CO, Pt LB R R AL BRI A B NOX IR Fhie

HlE 11 K CO, PERUR A bR A (B 25T
Pl EEE A > N9 CO, PERGREER =~
NS > B DL CO, Bt (LR - HLSRHE
RS EE - fem= ~ VORI SRS -
MR EEAE B AR - IR 2B
BT EREIE TR — SRR 47.6 %l
2 45.2% ~ =54 50.6% - F % 51.4% ~
VUSRI R4 49.8 % E7H2E 50.3 % ~ TUsfIAK
FREMSLERF A ~ INTURICR ALY 49.6 % EFHE
50.3 % > HEPR= ~ DU R NHRIESSCR BT > {HIR—
SRR KRR 2.4% » DB ~ PO R NBRHEET
A IR B A SR TR R — SRR AT R AV ARk
A RIFLIEREL CO, HEU AR (LA PATR A
i BT -

(2) f&EYIPER R E SR

i — HBE#E TR KA MRS 2T NOK
HERUR A LREEE - 45 SRR R 13 S EbaH
e & # 25 SR1] -

i NO, BERUR (L S BN - 5/ NHHE
TSR S R R A AL SEE PR R D
0.0089 kg/MWh » Z&TH k) 536.7 kg BEE »
H DA LEE R E —F R 195.9 ton > g/ NEF
NO, HEBEE LLE A& 18 -

DL 103 FE4fiss T & 242.4 (B - FE4: 4841
ton NO, fiiE » JE/l> 195.9 ton NO, rJiafftEE &
&) 9.81 {EfE - "R HE LML E 2R ENE -

WRIRH R A B A A LR /) 50.6 BT SEHA
R AL/ 0.0084 NT$/kWh ; CO, H B S E
P iEElR /) 888.8 ton - S HERGEE IR /D 0.0148
ton/MWh > 41[& 19 Fi7 °
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# 13 ER 104 £ 2 H 28 H 2t NOy BEf A i (L i 88
5 HHfE NO, Co, SR NO, Co, RS
(%) UEEEEE BEiE e = PR R A PR GRE BERERE PRI R A
(MWh) (kg/h) (ton/h) (NT$) (kg/MWh) (ton/MWh) (NT$/KWh)
0 2554.50 489.8 1079.01 5815675 0.1917 0.4224 2.2766
1 2586.52 499.1 1090.53 5875738 0.1930 0.4216 2.2717
2 2481.64 469.5 1050.33 5670109 0.1892 0.4232 2.2848
3 2488.64 4715 1052.99 5683698 0.1894 0.4231 2.2839
4 2507.50 476.7 1060.34 5720971 0.1901 0.4229 2.2815
5 2531.61 483.4 1069.83 5769097 0.1910 0.4226 2.2788
6 2484.55 470.3 1051.47 5675857 0.1893 0.4232 2.2845
7 2570.63 494.3 1084.78 5845976 0.1923 0.4220 2.2741
8 2635.97 515.7 1108.13 5969869 0.1956 0.4204 2.2648
9 2497.59 473.9 1056.46 5701333 0.1898 0.4230 2.2827
10 2286.77 423.6 976.03 5293616 0.1853 0.4268 2.3149
11 2523.92 481.3 1066.82 5753778 0.1907 0.4227 2.2797
12 2197.97 409.3 942.76 5126286 0.1862 0.4289 2.3323
13 2131.61 401.3 918.00 5003607 0.1883 0.4307 2.3473
14 2131.92 401.3 918.17 5004199 0.1882 0.4307 2.3473
15 2175.94 406.4 934.52 5085320 0.1868 0.4295 2.3371
16 2553.75 489.5 1078.68 5814190 0.1917 0.4224 2.2767
17 2674.17 530.0 1121.87 6043273 0.1982 0.4195 2.2599
18 2793.34 571.6 1166.45 6300867 0.2046 0.4176 2.2557
19 2716.29 547.0 1137.11 6125320 0.2014 0.4186 2.2550
20 2673.87 529.9 1121.75 6042702 0.1982 0.4195 2.2599
21 2763.83 566.4 1154.68 6221507 0.2049 0.4178 2.2510
22 2608.86 506.3 1098.42 5918223 0.1941 0.4210 2.2685
23 2415.01 451.9 1024.70 5539972 0.1871 0.4243 2.2940
= 59986.40 11560.1 | 25363.81 137001184 0.1927 0.4228 2.2839
EREG1045:2 H28 H NOSHERA £ LB AR R b 2 SEEIRRRH Y A K COFETR 58 FEE L
= 050 240 =
= =
S o4 235 &
= =
£ 046 Z
e 230 ¥
g 0.44 -_%
= g
5 04 H—I—I—n—l—I-_m 2235 &
o Ry
© 040 220 B
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== NO.FERUEEECO R 55 (ton/MWh)
=0 NOFERUR AL IR A NTS/kWh)




FTERGHREFAFZRELFEERNIRST - LUK EERS T

ERET1044E2 H 28 H NOHFBUR L EAR AR AL Z PHIRARHA R COR IR RE LEEL

0.50
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0.46
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COERLFRE (ton/MWh)
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[3%]
8
SEAGRRELR A (NTS/AWh)

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

HREHE(ECO, HERGEME (ton/MWh)

e SR L AR R AL (NTS/kWh)

fiF ]

== NOFE A (L COHRGEE (ton/MWh)
== NOFERUR E L PR A NTS/kWh)

19 NO4 iR EEALBUR e R L2 PR A Bz CO, DGR s

F A FEALEH S RS R B B PR A
EEREEEE R 14 - B DI ENRA B 5 25 - iR
ZEEHT By - MR R B <NOKHFI &
BB < EEEEEEE <CO, Pl E R (b

e -

DL CO HEE R B 21 > HREmHET F

CO, HE & A b= < PR A S A= <
NOL BRI e A BT < EFR T -

LLUNOHEi R B &l - lRES TR -
NO, FEfL & AL < AR A SR b <
B EEEEIE < CO, HEE B b -

14 KRB 104 48 2 [ 28 H fi L R 2 1 et SR Bl O e i 8 P

SRR (NTS/KWh) | CO, HEEE (ton/MWh) | NO, HER 8 5 (kg/MWh)
EREEEE 2.2923 0.4376 0.2017
PR AR B R R 2.2791 0.4207 0.1988
CO, HEit B R b 2.2970 0.4120 0.2287
NO, HEIE e fE( B 2.2839 0.4228 0.1927

(1) AR E LR AR LS A &

EREY 104 42 6 H 20 H&E K GT1-3 4
1 o T SRR AR E SRR ~ =5
PHCRED 104 £ 6 H¥)5epHiAEss 5
o AL > = ZiE W ERAY H AR e B
B R — ~ PO~ 71~ N5 NOL HAE
PR R (R EUYHL 6 H 07 2 R
AT EL o HekZ B BOE R A EUS
FIRE] 104 5 2 H 28 H Z&f} - S HHE
HENRE - BEBoR i B B E
EEIE2E SR -

% 15 FyREY 104 £F 6 [ 20 H AR fE(E
R S 2 BE (B e/ N R E R K
ERARIECA ~ BEIGRE S E R 25 SR

[11]) - DUPEERRIERARE - =R (b
A &5 R B A R BT
FHAYARE A H AR BT st B 2 AR
AARZREHRRB(LTE -

LA CO HEisaEm = » =i b
NG REREREESR S - (ARRH
CO, B E H AR EET E Y CO, HhiS
E2REFRREBELTEREERESEREY
2> B CO F B b T Y
PR A BT IR A B R B T HY P
PIRNEIRA AR - SESS RAY CO, BRGR
&R ALY » IR S E M E R R
J& 0.4064 ton/MWh 1, -

I NOx R & i fEAL I =N SR
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7 g NOKHRIE H AR ek BPR 2 K

HBEFTTS 2 NOL RIS & (s H PR i

B O R AT AR E A o Rl R =0 J5R °
15 RE 104 £ 6 H 20 H i BT 2 i s 5 Ul 5 FE i 8 LL g
SEEGPRRIEA | COHERGRIE | COHENGERE | NOHERGEE | NOLHEIGERE
(NT$/kWh) (ton/MWh) (ton/kSm?) (kg/MWh) (kg/kSm®)

EFE RS 1.9175 0.4064 2.2260 0.1766 0.9672
PRI A f (R B 1.9026 0.4105 2.2658 0.1767 0.9755
CO, HEfr B R b 1.9054 0.4091 2.2549 0.1627 0.8965
NO, HEiT & R L= 1.9047 0.4108 2.2653 0.1517 0.8364

F 16 BERE 104 4£2 H 28 HE16 H 20 H
A LIRS 45 SR ELEL - PRV MWh 2588
&2 CO, ki NOBEIRE S » B REEAE—
R 37 J5 oK (kSM®) 2 KRR LI PRI 2.23~2.37
ton #Y CO, 5z 0.97~1.09 kg A NO, - ‘B P&
HUR 6 H 20 HPERbkipcAs: 2 H 28 HiEK - /5
RIRARA(ERSE 12.3893 NT$/Sm3 [£% 10.5023

NT$/Sm° }z 6 H 20 H 5 & i) - #aiaer
=R CO, IR R AR SRR T e

BH P B EEE EPRRGRERR(K - NOk HRGS
FERIZFRERRE R EFRAF R Hit
AW FERT R 2 H AR B A (e Rp B B R
LA > 1M CO M1 NOLFERGRAE & i (L fEAS
RAZRERRE b AR E -

# 16 RE 10442 5 28 HEL 6 H 20 H i (LB HEH & AR
Sty CO, CO, NO, NO
R 104 4 FAREREAS HEGRE s HEmoas HEmG8RE
(NT$/KWh) (ton/MWh) (ton/kSm?) (kg/MWHh) (kg/kSm®)
prps 2H28H 2.2923 0.4376 2.3653 0.2017 1.0899
LIt e 6 H20H 1.9175 0.4064 2.2260 0.1766 0.9672
PRl A 2H28H 2.2791 0.4207 2.2868 0.1988 1.0807
wfE B 6 H 20 H 1.9026 0.4105 2.2658 0.1767 0.9755
CO, Helir it 2H28H 2.2970 0.4120 2.2221 0.2287 1.2333
R 6 H20H 1.9054 0.4091 2.2549 0.1627 0.8965
NO, ki & 2H28H 2.2839 0.4228 2.2937 0.1927 1.0454
wfE b 6 H 20 H 1.9047 0.4108 2.2653 0.1517 0.8364

o ~ BRSNS A PEBUK P ELRR

RERFIHER] - HAK AR ERL CO2 o NO«
PRI - DME R BIA R A RAR TEER B 5 245k
P2 - Hep » HARIARER 2013 FHY
CO, HEna S B 0.4740 kg/kWh » 2014 FEFTAEE
772 NOX (IHFIBGAE £y 0.2 g/kwWh U205 S2EITR%
KPR R WA PR B 12 AT 17 128 i 4 i (Best
Available Control Technology, BACT)= 2 | (&
HE B 2% (Lowest Achievable Emission Rate,
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LAER) > H NO,HEURERRHIE F5/ N 2 ppm
CO, HERERFE /NP 0.4536 kg/lkWh B3« 1) CO, HE
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B~ HBE S fifE NOL HEROTE » ATEE R
2014 FEFEHERRME 0.1957 g/kWh ~ SEEEHERUR
f& 17.03 ppm > H o PIagEaa s Ear H AR A
BIFEIE - PR SR R BT R A
REMPEIRE 2 ppm SHETS - WIS TE
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Introduction to Stress Corrosion Cracking in LP Steam Turbine Rotor

R AR AEF
Wu, Chun-Hua
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Abstract

Stress corrosion cracking usually happens in a LP steam turbine rotor as a power unit has

been operated for more than 15 years, and most of them occur in the fir-tree designed rotor
grooves of the last three stages (L-0 ~ L-1 -~ L-2) of the turbine. Once the SCC is detected,
corrective remedies, in most cases, have to be completed in a short time considering electricity

demand and overhaul constraints. Accordingly, a suitable long term strategy needs to be

decided carefully according to the situation of the cracks.

BR S EE (Key Words) : & /)& a2 (Stress Corrosion Cracking, SCC) ~ {iJEE ;5 #4(LP Steam Turbine)

BEFRfE (Rotor Grooves) -

allg

= Al

JE 17 J&5 fih B 24 (Stress  Corrosion Cracking,
SCC)EfEA FIRESE AN ARIVEF UL B W3RN
R EEARAE - SO R pFle SR 15 0L E
TRAH » RIsr R e 4 H i RS TR (WY
20 fEH) - HEYRMIR RGN R B DS
TEOH » S AR R BT SRR E &
B -

KA 22 BRRIMEAH - I 82 FFERAIATEEE L
Tit% L-0 FEMRMEI B - 84 FZ5t4at
ZE AT AR SRR AT R Ry B0 I ehifz 2 - [th
% 89 - H =R HUHE TR AR A
f& ~ 103 & S —ffZ243E3E (Baffle Plates ~ Air

Baffle) ~ 104 5 S —fELIZEMAETEER - &
R BRI AR

R~ FRIIREEIE DS ek 3

W& G i Ry TiL e HE ) R SR B IR IR &
SUEFTE IR & 2 FIH eI GRIET])
I > [RERE e HREBL » & RBRE ST
FEfTER AR - R ERRENIER > Y
BT A HE 1 %20R -

I (REE S > T AOR L T S M B Y
JB IR RS R R 2T IR - ERE E i EE LT
G > TRESHLY R REBLES ST (N~ CI ~ SO~
e 8) B aE AR R 2 E oy o

KB (R S T R Z 2RI IAK

"B EAXARKAETFEBECE
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WA AH & (Phase Transition Zone, PTZ) » #15-3% 7405,
&H 10 ppb Z &EHE(CNRA R RERIGS N S A
80 ppb =R /KR - WIS A SRR EEARAE =~ [
B KFETREEE AR TE B DL (pit) » HIREHEKE R
0.2mm B L RIEZYE (crack) i & ARk - SYRRHR
FER B ) fe B A TARA - YR ATRER S
#ER 55 (High Cycle Fatigue, HCF) ~ {EAER 1 55
(Low Cycle Fatigue, LCF) ~ & %5(Corrosion
Fatigue, CF)EE& A S Frift ~ i ) e bk 24 (Stress
Corrosion Cracking, SCC)4:5k;E J1/&ehZLIE 5k
£ (Cracking Propagation Rate)r]{{J& IR A
F(K)D R =FEE: - BB E e RE g
T 1 758 185 R (K ) R ks 5L 758 5 PR (K i)
BRI A 2o ERREA R » IS RR Z F1E
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REGIIRIABIEN o BRI e S a2
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1 JENERI AR T
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T =i 80 25
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L T Atk 84 21
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S =ik 74 31
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SO AH B S S A [B] R S A E

= YA

JE 77 18 B iy 24 (T 3 PR A I B 28 < JEB R T
A2 FREAY R aR(piY) - B)5 iR AR R
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ARBLEE » BRI IFRYIESS  HIR BT AYEE
TRAE AR TEERE | Ay RIIFR PRI 1A (Phase
Array)i8 SRl -
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JE B {& (Crack Grinding) ~ # H #£ [# (Blade
Removal) ~ #2427 45 (Baffle Plate Installation) &5 &y
FLHAS TR - $7PEZ(Welding Repair) ~ 4]
i ¥ {& (Dropped Steeple Machining) ~ & 15 #r
(Rotor Replacement) & BIEE RN - KIS
BRI B R FUEF RS Y 2R I8 DS BRI 7 =
Kb EFYREIHER TR ISYRRER - AR
HU1EEhr L (Shot Peening) {F s JESHE i 5 T i
B - fEZYREERERE T - AERIUIPREE
Fr S ERR € AR AL J7=((Blade Cutting » 41E
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LSRR - R SO T B PR A EEA R DU
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Intelligent Energy Management System Based on ZigBee Modules and MDMS

B & R A F i
Ou, Ting-Chia Kao, Chih-Chien Chen, Guan-Yu Kao, Yi-Chun
W =

ASLFE R AL LRI S - £ ZigBee 4R ELHIAEES (Wireless Sensor Network
(WSN)H: 1y ft BE #F & 1 E HH .45 (Meter Data Management System, MDMS) 2k & IR 2y £ 71 EE
BEE HH £ 47 (intelligent Energy Management System, iEMS) o AR H (TS AV fE4H 45 &
BTt aV R R E R R E NV INRE © WIS 2 ENFHRE - BERE R - BEIEHHRSOH
FEEE B RIVERIIEE - AR E TR ZigBee f4H a4 Fy ZBee » F I E & U
H&EE MDMS S FRUERERAMFETER » (82 7] DLE R F B2 1 1 BB 202 a8 HAS
MR A THR B AR - tAESiE 1R ZBee AR IO B4 FHEAREH —(E % TV IE

P A DL FIE A RCRAVETRE R © HATEZ 240 0 AL sE b Fe Frasat 2 B A E 52
Bl ARG LR R ELXGEEN — R TR - SR R S5 - 11 2 2 EAE i 5 1Y -

Abstract

This study was designed to respond to a trend of using technology to create the wireless
digitalized home. The authors applied ZigBee Wireless Sensor Network (WSN) technology and
Meter Data Management System (MDMS) to implement an intelligent energy management
system (iEMS). Each self-developed ZigBee module can integrate with self-designed power
switch module to implement specific functions, such as timer switch of light, meter degrees,
light switches ON/OFF and alarm of high power consumption. In this paper, the authors
designed their own form of ZigBee called ZBee. MDMS is responsible for collecting meter
power consumption. The user can see the information of meter via internet. By making use of
ZBees and smart phones, the authors developed a multiple application platform, which can be
more effective for energy conservation. The system has been set up and has proved to be a
success in the Institute of Nuclear Energy Research. The proposed system is being currently
planned for installation in such places as plants, campuses, cites so as to achieve energy saving

and reduce carbon emissions.

6888 EE] (Key Words) © ZigBee 45 EHI4EES (ZigBee Wireless Sensor Network) ~ R & E T 24
(Meter Data Management System, MDMS) -~ ZERIEE 555 HH 247 (intelligent Energy Management System,
IEMS) -

*ITHEIRR T AR B €M Aot AT
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JREIREEZ - FREREE RN 2 P E
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H 0 BFREEEERCE 2% DL | RS E
R EBREE T 2.4 (Energy Management Systems,
EMS) Bl {ffi 7 o i 58 3% AL B 2 5% (Advanced
Metering Infrastructure, AMI) TLA% B R AR Y
REgEHSS - Hh AMI TEZHEEMER - £
Hhgs AR B 4 B R R BB E B A 4 (Meter
Database Management System, MDMS)Z 35 {5 E
LA - ARG EERMGEEE
MDMS £ ZigBee 7EEHHAH % = (EF A& EE
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—HEREREE H 24 F & (Intelligent Energy
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o P P 2 EE e S - DS S BRI
R HEE -

DAFEF M ERE 2% KRB
Az (Power Line Communication, PLC)FY 522k
HIRFEEN - ST 24 s s i
SERESIHYNIER AN ZigBee ~ WiFi 55 » (%52
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HEAIBEEE 4 - FY Android FYBHSSEREE 2 5 HL
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FRNIES - i R EE(Smart Dust) ® « i 7Sz
FHERH ZigBee WSN i FsBEAGHYEL A% 0 -
ZigBee WSN J&—7d 52 i fR4R S I A RS » REHUAK
LRIV E—EYEE - HEARIFE - EaR
B2 SR RIEASCRIAT ZigBee 2R e 42
R 2 i e PE A R R 48 RS FE FH RN - [F1RF
AEBAEBMFHBRNERRE NE S
ZigBee fiE4R RHIAERES SR E IR BB RE B HIHYFR 0K - &
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Android &R B AL TR A B ViR
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{bRVE TS ZBE I S R P s
BT~ XE - lEfl - B - EERIEEFE LA
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T~ TRORDIE ~ BETE ~ BRAREE - it - SEmaE
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FEAH HI TR TaiSEIA 101 fyfEessst » Hepg
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Experimental Demonstrations of a Solid Oxide Fuel Cell Power System

Using Natural Gas as a Fuel
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KU EE —E K IRA IR fE4 SOFC 38 245 » Ht#E H AR RIS G #f sl
M > 5 {E SOFC S8 88 AR AAE AL S B 4 T 5 R i I8UE B Y 58 B 2 BR D (L M LS Fic s
P AL Z TR B S HIEER > FHRAR 7 FRERF &Y 7 /Nif > H SOFC I 4H 718K % 850 W»
QUREHF 3 /NEF o MEAERRRIFI IR 72%MRF T - BEAHR LR HERFAE 850~860°C [EfRE 5%
BRI o A R SR 5y > DL T2 R s (E-load) L slCR (FEEIRRE T~ - S aRy
fE4Y 217.4 /NEF > (i AE AT DR 2 Gra AL 2052 25 (Grid-Tie Inverter) I &IRRE T > &
HARIFE] LY 144 /NEF o ELELGFAERTTR 2 SHBRCRER - ETIRLYY 3~4% > JRETE AT
RERENY 92% > BLEERAT & g U B as i SR m] 2 90% DL B 7 5est HAR -

Abstract

A 1kW SOFC power demo-system using natural gas as a fuel was established in this
project. The warm-up testing, power loading, and operating durability were completed. The
warm-up time for the stack to reach operating temperature was about 7 hours. The SOFC stack
took about 3 hours to ramp-up power from 0 to 850 W. A fuel utilization efficiency of 72% was
obtained when the SOFC stack was kept in a temperature range of 850~860°C. In regard to the
durability test, the accumulated loading operation time was about 217.4 hours in an off-grid
mode (with DC electronic load), while the accumulated loading operation time was
approximately 114 hours in a grid-tied mode (with grid-tie inverter). The energy conversion
efficiency of the SOFC system under the grid-tied mode was 3 ~4% less than that under the
off-grid mode. In other words, the conversion efficiency of DC to AC for the system is more
than 92%. Thus, it matches the design requirements of the DC-AC conversion device.
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Techno-economic Assessment for CCUS Project

Bef= A * s A By A AE > PR e B>
Chang, Ren-Rong Lin, I-Hsiu Yang, Ming-Wei Chen, Hsiao-Wei
(103-104 4 #7F 72+t & 3 X)
m OE

AR g G A T A bR - BIEEENARM 2 FK > B8z A
Z AL A (TEA)REAH - Al gt SRR B CCUS FHiT » M1 TREAG S RERT A B
RET b A E PE AT o PLARLAH RIS A [B] 52 AR B R A RIS B8 TP /s < I B E TR L
IR AT R AT ER AR B > AT AR B R B R KRR T o A EIR
CCUS FHEAZ BIE B I & DNV GL IV Z &K E: » BRI A E A H# R CCUS Kit
HPE B PR R TR R AR IR, - A I AE B HE T T S A 48 SRR B B PR T B 2 RAH
T o W RBEINE IR TEA ROlafEFTY CCUS iy 2 54t - 1 H Al Bl Py A% K A1
BEVERUA BARERRDC T > PERRAH R £ (B B 2 R ACETT CCUS &R R —EHEHI 2
R -

Abstract

The main objective of this study is to develop a generic Techno-Economic Assessment
(TEA) model which could be used for various capacities of CCUS (Carbon Capture Utilization
and Storage) project development. This TEA model will act as a decision support tool that
includes all the components of the CCUS activity chain, integrating the technical and economic
parameters in one dynamic model, and is designed to cover capture dependency, risk and
uncertainties and will be used to assess and compare alternative development concepts
particularly. It is expected to represent the most important uncertainties related to cost,
schedule and performance of the whole system. In this study, the necessary decision gates and
relevant criteria have been defined according to TPC’s planned CCUS development roadmap.
The analysis results produced by the model are in line with what was found in the literature.
This is the first time that TEA methodology has been adopted in CCUS technology in Taiwan.
Although the CO, tax scheme in Taiwan has yet to be clear, the TEA model will still provide
valuable information for decision makers.

BR#EER (Key Words) @ — & Lhdies - FF A BlEf 7 fT(Carbon Capture , Utilization & Storage ,
CCUS) ~ = & {b b i £ B 1 {7 £ fify (Carbon Capture & Storage, CCS) ~ ¢ fiiy B 4K 75 5 i 155 4H
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Abstract

In accordance with the policy of government, Taiwan Power Company (TPC) has been
actively deploying Advanced Metering System (AMI) in the past few years. However, the
communication is the foundation of AMI, and its performance varies with site conditions and
distribution networks. This project is designed to analyze and evaluate the communication
technologies suitable for various sites. Furthermore, it will find out the right communication
architecture for AMI for its installation on Taiwan. First, research is to be made on wired and
wireless communication technologies for different kinds of areas, attributes, buildings, and
meter’s mounting space, and the current low-voltage AMI communication architecture in TPC.
Next, the project will develop “Communication Technology Testing Platform”, which includes
front-end testing tools, recording tools, and back-end management system. Finally, it will
develop the communication quality analysis system via Machine Learning to evaluate the

performance of communication technologies.
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The Urgent Restoration of the 14th Electric Tower in 345 kV Daguan~Zhongliao Transmission
Line 1&2 after SAOLA Typhoon

B R i B S
Shih, 1-Ching Tu, Min-Hsiang Tseng, Chun-Jung
m =
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AR A E 2 R AR E LB - AR P ESHGRIE DR LT RIER -

Abstract

The transmission lines of Taiwan Power Company are distributed across Taiwan island,
and most of the electric towers are located in hillsides. Recently, the rainfall of typhoons
attacking Taiwan increases almost every year, and the heavy rainfall often leads to landslides in
the mountain. Therefore, the stability of the transmission lines is facing increasing challenges,
and the power supply is also under threat. This essay presents the procedure of the power tower
restoration in a large-scale mountain sliding and illustrates the thoughts of the solution.
Hopefully, this case study could be used as an important reference for similar projects in the
future.

The SAOLA typhoon attacked central Taiwan seriously in 2012, and our staff team
restored the power supply successfully within a very short time under the cooperation of
different departments. Our efforts have prevented the damage from being out of control. To
provide experiences for our colleagues and preserve the information for future research, this
article maintains the data of this precious experiences. As a reference, this case study on the
urgent restoration of the 14th electric tower in 345 kV Daguan ~ Zhongliao transmission line
1&2 is focused on the record of repair process and the innovative design concepts. The
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contents include the disaster survey, temporary construction, geological assessment, and

innovative design of tower. Therefore, this article can serve as a good reference for younger

engineers in dealing with similar situations in the future.

FE#EEE (Key Words) : #&{& T.#2(Repair Project) - I0i&17 R &8 (Four Piles Foundation with Cross

Beam) - {15 ELHE(Grillage Foundation) °
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A Report of Prevention and Improvement for Bus Overvoltage Caused by Incidental Events
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Liu, Jia-Ming Chen, Rong-Sih Xu, Jin-Hui
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PIEFIETHGIRS - AT EAL RTU 2 EHAFE(— WatchDog B3 4i%S - & TIFERIRAEE
RF & A i LAY CPU VA T 230 1 5 3% PR R RG S50 P R ARr MR P ol 2 5 i T
FYHIE RTU TAEBRIRE A R ERD -

BEAN > Fodt S0 EHEA & ¥H#rae WatchDog B 18 35 5 )t (8 R 4R - BUE— D RS
WatchDog S5 iR # ~ 887 R E H [ 11 OLTC HE) = JEHRE 3 kS - =]
RESFAEIERPFER R ER > T NSRBI ETEA B &R L EREEE A B EEER
s OLTC Tap (i & MR PEEEE - & i p = A s fi 248 -

Abstract

Recently, a failure in power converter of the Remote Terminal Unit (RTU) at a substation
made the monitor of secondary side bus unable to be updated to its correct power voltage. As a
result, as the Reactive Power Device Control (RPDC) achieved the condition for raising the tap
of On Load Tap Changer (OLTC), it continued to escalate the bus voltage and caused the
secondary side voltage of the bus to be too high, damaging the user’s electrical equipment.

In order to eliminate the weakness mentioned above, our supplier provides a WatchDog
monitoring point on the motherboard. When the power supply is unable to function properly, it
will cause the malfunction of the CPU, and lead the monitoring point to turn into the “setting
state”. We apply the feature as signal of alarm to judge whether the RTU power supply is
normal or not.

In addition, considering that the staff on duty may not are familiar with the alarms of
WatchDog monitoring point, the system are designed to integrate WatchDog monitoring point
alarm, Power Meter Alarm (PMA) and 3 consecutive actions of OLTC alarm. When the alarm
mentioned above is triggered, this mechanism will immediately send messages on the monitor
and alert the staff to the tap of OLTC and bus voltage, leading them to take action to avoid

causing damage to the user’s electrical equipment.
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Acquisition, SCADA) - H B35 B ZH %2 23 (Automatic Voltage Regulator, AVR) ~ ELEE 25 (Potential Transformer,
PT) ~ 455 EE 7 % fFi 125 E(Reactive Power Device Control, RPDC) -
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