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Abstract: With the development of renewable energy and electricity spot market, the functional repositioning of coal-fired
units leads to stranded costs. To ensure sufficient generation capacity adequacy and reliable operation of the power system,
a capacity compensation mechanism need to be introduced to power market. A capacity compensation mechanism aiming to
provide electricity market incentives is designed. summarizing the implementation process of the capacity compensation
mechanism, the assorted clearing, assessment, adjustment, and information disclosure mechanism. The analysis results
provide a reference for other provinces exploring capacity cost recovery mechanisms.
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Fig. 1 Capacity compensation mechanism

(ISO-NE) M\ 2020 4F 2 H- 4y REHLA 1) 75 e R IR 4T
Fh, EEPVEHHE T (MISO) (3 [ P pg
ML BB N\ (SPP) AR T IS B B 2848 2> H
HTCA HL T I 3 47487 3 S it 240 U0 ) AN KO X & LT
Tty 0 O 95 A LS it 40 0 ) C AT TR PR S A D)) v
SR 25 & H i B A AL AR AR IR HLA Y
g 55 o FEHIEIAT BRI & v i L i 2 1A
AR R T AR BT R R 5 A% T A
BORILTF A LS HE T

AU TR TFRERIB AN L%, L4
PEAL A 2007 B I I B 9 A 80 (BT, 75 R
IV %) 75 1AM B DT 34T 5 A%, 100 300 AT 424 JiE
N, B N A R B AT B . R LA
PATES AT, B AE P AR AR R s e 5 A%
T LA, e B A A

3
Fy=F xK, K, Xk, (11)
i=1

K PO 5 b, Ol 2 i 22 2R 2 (0<k,<1) 5
K, A AR R RO R AR

il BE SO 2 B A O A Wi 1 2, X R 3 T
MR R PLA M AT B 1% AEBLR T 30a 17 4)
SV AT 2% 1 20 5 R FRL PR R B AR R BRAEL, S5
SRS T S PR AT DU R T IR R
2.4.2 FEEAMEEAALE

TETH AP , A v 5 P HT L MU AR
PR, AR AME AR NR AR R DT e
PR BREAT JEE 2 FEL A 225 e B2 A0 S AR 000 B i
AR A ANAS G5 IR U PTI R AG T 5K
FRAFIT R

ARSCBAT T 2 8 (DA 11 A R 3hik
AEAEAMEM AR BT OT RIS 5, 2R
DR P L AL TN i 22 3 G P A e 8 P O 22 , 5
PARAF AR AMZ PR HANAR P (2) R4 1A X
K AP SE BREET I BT R AR BETE 58, (45 A/

P M 2% FH 22 HILZEL 48 D368 RN S8 2% 25 4b
KRR AEEERH . KNGS A 2 A RAE
JI R S AT I 25 2l v B, A R 1 3 5 2 T
RN G — A A AME 2 A PR s A A v
2.4.3  ZEAMESAT T HLE]

S ARUEZS T # M AT RS, 1 4 T AL 2 AE L R
it B R A M T T A AR AR R
ks (I RKBOR AL A CAEE O, BRER AT & HLBL
20 [ 52 AR [ETSCI 00, ST 2 Ml X 28 T K e S,
PR P LA ik 2h 9 B T 45, Tl BOUR T) 3 A
AN RS PR, R R AR IE B AT, 5 S
KRBT . I ORE S P HLE A T, 7
BL5E A L 1) A W T AL, R BRI T 48 5 —
Ty WLRE 2 AT 8  r LA AR A o
2.4.4 (5 EBEEVLSI

A AMER B Y R o R AR ML A AR T
B R R TR G B R SRR Rt R G R K
WM BEAN 2 o AR 25 f M 5 X A B 1
BBEEEHLH, I LAE H T KU S B ) 30
TR 3 00 A5 S Bt B8 = A X B 9% 4z 8 30 A el R
M5 B = X AR RIS (5 B PR . L%
S AMEE S, G A I 9 25 S AR B PEAG LA FHOK
ST | A 28 R T ST 4 8 B OK T S AE B AT 4
£ R R R IE R 1 i g R A B
VRO o A3, T X 3~5 4E [ B A PEAG 15 B TR
P iR, ELAS B WO A5 1 5 i R 2 TR A B
) RO DA A7 B 4 5 o

3 BEISH

FeF R 2022 AR HRIEALLL (1) 247 [ 22 Bl AR Al
A5 By AR K, N2 R B AL 2 HR A SR e Bl B R
555 JFL Al T A i R R RE A A A T T AR A AR
BLAH [ 5 AR DI o B4 v 3 28 LRI HLZH 28K
DL 1 AR B A A4 9% 11 2 RS AT LA ) o
®1 HONASH

Table 1 Unit parameters of case system

B mEmAl  EERA RV
plan MV e MW TG MW WBla
1 1 000 273 305 20
2 600~660 297 404 20
3 300~360 314 490 20

PAHEHTHE 660 MW JRBEAILL 1 B 5 5% A Ny
TR AMEN S R 316 JT/(kW -a) , K 2 25
T 2023—2030 4 & HL AN 75 B A A% R R A
BE L PN A AR AR AE DL . RS T A B
B, 25 40 M B FH A FH PN 23 BREAN A 2 AE T [

© Editorial Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license



% 6 27

B, T A B AMEILEIIR & 5Kk -85

SRS AL TGN 0. 03~0. 05 JT/(kW-h) . 285 % IE
PR K E RS H AL S AL 3= M L )
LA BRBEHLAL IR A BRI & L BB A T R O
25 AMEE B FHAT 53 2 & A 8 R MEE AN A% SETHE R
BTG FI N 0. 06~0. 09 JC/(kW+h) .

— A A R — A
PR N =i LNy

120 | EFE%M}%FB%.

100
80
60

HL 5H/(TW = h)

40
20

0 2023 2024 2025 2026 2027 2028 2029 2030 0
GEh)
2 20232030 FHEIMENEZLER
Fig.2 Price of capacity compensation variation from 2023 to 2030
RICEREAME R, O 1 A PR L2 [ Al
A [ SR T T Y 5 4 B, R 24 5 L RE R T 3
BRAMSE R, 1513 45 1 T 2023—2030 4F MR A A L2H
AR AME B TR E AR [ Bl o AT IR A
FL /DN I B v, G I AR IR R AE 90% 2 A
2025 4R, S REIR A A AL AL RE M, HARAR S et /N
HON B, 25 A AR AT A 78 B AT 7 R
FRL T A [l W 3K T B 2 70% ZeA o LAl
1L BE T I8, b 7 2400 1 i B R 55 25 A 22 5
il Ff AR IO 2, 5 A1 SR A7 A [ 5 A [l A |2,
PR A AN A, DREEATLAL 18] R FSAS & 2Rl

M T

45 ¢ [l s AR [l | 195
40 + 190
&0t 175 %

st 165

0 2023 2024 2025 2026 2027 2028 2029 2030 60
o
B3 2023—2030 FBLIEH 4 B E R A< B 1 %R

Fig. 3 Fixed cost recovery rate of coal-fired generator
from 2023 to 2030

4 Zig

PR B A WL A iU e A R L T S s it v
RS SR RS 7 E I (R S el NP2
AMEDLH S B B A i AMEE AL R B b
UG HAB T S IR 5C 2R, SR VA X 2 i 1l
A B S AL A KF B2 R, AR AT
ML R T P SR PR R S AR

RICE A A T AN ST RS, 7E L
Senh b, AT S o HAR, 42 T A AR AL
BEVF 2 20995 % JE A SCHE ()R, O $2 1 T B R
it o A PRUE A H A AME LA RS, g T
AMAERAE R IR I T SE A R B E AL Y 5
AT QAR A B B R A5 B EE L
iSSP AL A o S OT R I AT, 4
P WA EEAMEEXT /I B2 0 mT 42, AR SRk T o
[l P9 2 A A DL R R AR 2% . RSl
P — 2% RO RE IR AL T S BUR AR R R, 45
A R AL S PR K TSR A0 H

SE 3k

[1]MILLIGAN M, FREW B A, BLOOM A, et al. Wholesale
electricity market design with increasing levels of renewable
generation: Revenue sufficiency and long-term reliability
[7]. Electricity Journal, 2016, 29(2): 26-38.

(210N FRPHPE AR, 5 0™ F bR T RE IR 34Tl 1

HLIE 5Pk LT AR HLEOR , 2021,43(6) :21-32.
YU Xiaobao, ZHENG Dandan, YANG Kang, et al.
Opportunities and challenges faced by energy and power
industry with the goal of carbon neutrality and carbon peak
[J]. Huadian Technology, 2021, 43(6): 21-32.

[3]ITO M, TAKANO A,SHINJI T, et al. Electricity adjustment
for capacily market auction by a district heating and cooling
system[J]. Applied Energy, 2017, 206: 623-633.

[4]GALETOVIC A, MUNOZ C M, WOLAK F A. Capacity
payments in a cost-based wholesale electricity market: The
case of Chile [J]. The Electricity Journal, 2015, 28 (10) :
80-96.

[5]BHAGWAT P C, MARCHESELLI A, RICHSTEIN J C,
et al. An analysis of a forward capacity market with long-
term contracts[ J ].Energy Policy, 2017, 111: 255 - 267.

L6 JiRI 5L, JH B, 80, 55 Rl I L S it 0 e iy 2 s b
Bl BT ] B R G A ik, 2021,45(6) :43-51.
WU Zhaoyuan, ZHOU Ming, WANG Jianxiao, et al.
Mechanism design of capacity payment for incentivizing
flexibility of thermal power [J]. Automation of Electric
Power Systems, 2021, 45(6): 43-51.

(7 IRROR T . WLy AT T S e A R LAt Y ] o 52 B e Ay
HrLa] A Tyl A B, 2020(1) : 30-35.

CHEN Dayu. Comparison and analysis of international
practice of capacity mechanism in spot electricity market[J].
China Power Enterprise Management, 2020(1): 30-35.

[8]mi=<, JHWEE, WRTR, 55 . By i i R0 T MR B 2%
i FEAAEDLE] B F 15 R [ ] AR, 2019, 43
(8):2734-2742.

YU Yun, JING Zhaoxia, CHEN Yuguo, et al. Typical

© Editorial Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license



- 86 -

mEN L RER

% 45 %

generation resource adequacy mechanism in electricity
market and enlightenment to China [T]. Power System
Technology, 2019,43(8):2734-2742.

[OJBCHM , VPP, RGN v 25 dk se s P DR ML o )
PRAEES e[ P E L 7, 2023, 56(1) :68-76.
HUANG Haitao, XU Jiadan, GUO Zhigang. International

of generation adequacy guarantee

Practice capacity

mechanism and its implications for China's electricity
market[ J . Electric Power, 2023,56(1) :68-76.

[10 )58 2K, K FHPF . JLRNEE T 0T SE M8 B ) 28 B SR LR ol
TG s AT ] AR AR 2019,41(11) : 12-17.

GUO Le, ZHANG Dandan. Analysis on several capacity
support mechanisms in electric market based on reliability
index[ J]. Huadian Technology, 2019, 41(11): 12-17.

L3Rk, Vil RADHE, 45 Ui g vh ke H A B Se i v

PG O7 1 B AR B HL LD ], #8148 A 84k, 2020, 44
(18): 55-63.
ZHANG Lizi, XU Tong, SONG Shaoqun, et al. Evaluation
method and guarantee mechanism of power generation
capacity adequacy [J]. Automation of Electric Power
Systems, 2020, 44(18): 55-63.

CI2 JXURR, FAA R, VR, S5 1 ) ey LU 31 mT P24 RE IR L ) 3R
Gim g EAMEPLEI T[] R R ER 2022, 46 (5) -
1782-1789.

LIU Shuo, YU Songtai, SUN Tian, et al. Capacity
compensation  mechanism  for  highly-proportional
renewable energy power systems [J]. Power System
Technology, 2022 ,46(5):1782-1789.

LI IO B, JURE R 2l 3l 1y b R A T v T T 3 3 5%
TR EETTALE R IT]. P E ), 2022, 55(8)
196-201.

SUN Qixing, YOU Peipei, LI Chengren.Capacity market
mechanism design under electricity market mechanism in
Chinal J].Electric Power,2022,55(8):196-201.

(14 ]E — 2R U, sk R, A5 i 0y b Wy BB T 3 e Y
EAMEPLEI R L) ] 1 R 58 A B4k, 2021,45(6) :
52-61.

WANG Yi, ZHU Tao, ZHANG Yuxin, et al. Preliminary
study on capacity compensation mechanism adapted to
development of electricity spot market in China [J].
Automation of Electric Power Systems, 2021, 45 (6) :
52-61.

(1S JEMG, ALHES , E MR . WO fms A IR 0 3 ) i i 45
MR R R R (). A Ty, 2022,43(10) : 16-25.
WANG Peng, DU Yuling, WANG Yanling. Enlightenment
of European strategic reserve mechanism on the adequacy
of power generation capacity in China [J]. Electric Power
Construction, 2022, 43(10): 16-25.

[16 ]Texas Coalition for Affordable Power. ERCOT experiences

record consumption, real-time prices reach 9 000 dollar cap
[EB/OL]. (2019-08-14) [2022-12-11]. https://tcaptx.
com/industry—news/ercot-real-time—prices—hit-record—90
00-mark.

(17 IRAEE, w2, WP, 45 G M BUE B BL Ao 36
BT s i e s L. BT LA, 2019, 13
(6): 37-43,75.

ZHU Jizhong, YU Yun, XIE Pingping, et al.Scarcity pricing
of United States and its enlightenment to China [Jl.
Southern Power System Technology,2019, 1 3(6):37-43,75.

[18 ] BOWRING J. Capacity markets in PJM [J]. Economics of
Energy & Environmental Policy,2013,2(2) :47-64.

[19]STODDARD R, ADAMSON S. Comparing capacity market
and payment designs for ensuring supply adequacy [C ]/
42nd Hawaii International Conference on System Sciences.
Waikoloa, USA. IEEE, 2009:1-8.

[20]ISLAM M, REN X Q, REN S L, et al. A spot capacity
market to increase power infrastructure utilization in multi-
tenant data centers [J]. Performance Evaluation Review,
2017,45(1):19-20.

[21]JOSKOW P L. Capacity payments in imperfect electricity
markets: Need and design [J]. Utilities Policy: Strategy,
Performance, Regulation, 2008, 16(3):159-170.

(22 ]PJM. Capacity performance assessment intervals [EB/OL].
(2019-10-28 ) [ 2022-12-11 ].https : //pjm. com/~/media/about—
pjm/newsroom/fact—sheets/cp—performance—assessment—
intervals.ashx.

[23 JISO-NE. Introduction to ISO-NE forward capacity market
(FCM) pay—for—performance (PFP) [EB/OL]. (2018-06-14)
[2022-12-11].
documents/2018/06/2018-06—14-egoc-a4.0-iso—ne—fem—

https://www. iso—ne. com/static—assets/
pay—for—performance.pdf.

[24 |Potomac Economics. Summary of 2019 MISO state of the
market report[R 1.Fairfax, USA ,2020.

[25]GREG W. State of the market 2019[ R ]. Little Rock, USA :
Southwest Power Pool Inc,2020.

(R or 2 : TR 4E)

s B HA:2022-12-23; &0 H #8:2023-02-20
L HH:2023 -06-25; Bif SR 4IE : www.iienergy.cn

EETE T
T (1975) , 22, IE PR, B, A ol L
K527 B RS H sh LSS )7 BIFSE , beth002@sina.com;;
X (1970), 55, g T AR, A 1 REGLia 47 5%
il VT O Y T AR, Ib@cq.sgee.com.cn;
T (1982), 55, TR, e Jy i aa & 0 i AL
T A 7 B TAE, hanzy@cq.sgee.com.cn;
KT (1989) , 2, TR, iy i i g5 & it
Y P T ) TAE , zhangmengyu@cq.sgee.com.cn.

© Editorial Department of Integrated Intelligent Energy. Thisis an open access article under the CC BY-NC-ND license



