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A trading strategy for power capacity markets considering minimum inertia
requirement
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(1. Economic Research Institute of State Grid Jiangsu Electric Power Co. , Ltd. , Nanjing 210008, China;

2. Nanjing University of Posts and Telecommunications, Nanjing 210023, China)

Abstract: In modern power systems, the increasing penetration of renewable energy reduces system inertia support

capability, and existing market trading mechanisms lack explicit constraints on inertia adequacy. To address these

challenges, a trading strategy for power capacity market considering minimum inertia constraint is proposed. First,

K-Means clustering combined with the time-series correction method for load growth is used to forecast differentiated

seasonal capacity demands for spring, summer, autumn, and winter. Based on these forecasts, a power capacity

market model is established with the objective of maximizing the net revenue of capacity providers, incorporating

multiple constraints including minimum inertia requirement, capacity adequacy, and unit capacities. The model is

solved using the whale optimization algorithm (WOA ), and a simulation platform is built in MATLAB for verifica-

tion. Results show that the proposed sirategy can oplimize system’ s capacity resource allocation and enhance eco-

nomic efficiency, while ensuring both capacity and inertia adequacy, providing technical support for inertia security

planning in modern power systems.
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Fig.1 Power capacity market trading process
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Fig.2 Marginal clearing pricing
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Table 1 Maximum available capacity of units declared by
suppliers
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S1 9714 20 2745 361

S2 12 570 8 2855 142

S3 8197 12 4054 818

S4 15 058 48 5258 44

S5 27 275 24 6 540 408

S6 12218 5 000 7 898 705

S7 5999 60 3564 453

S8 9 345 808 6023 578

S9 11246 592 7387 485

S10 1758 220 4367 351

Si1 3980 1452 4131 814
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S13 15 026 924 6908 605
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Table 2 Unit capacity bids and inertia time constants
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Table 3 Peak load and capacity demand values for each season
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Fig.7 Marginal clearing price
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Fig.8 Impact of bid prices on clearing price

HER R A 22 5 g 1B T RN T R A8 1k, AT
Wi B I A% o L 8 Hp 3 A AL 7 il 2 X 7 1 HH Y
¥4y 9 210 96 - MW 'd™ . 250 9+ MW'd ™,
220 76 - MW 'd™ . iz AS BB SR & ALY
WA AC, EDPRIEEMPILRT, hEiy
T O B R R TR M e — B LA, T
X HSHLLH 8 5 2 F A AR X5 R 1 [R] 26 & FE AL
54 HAHBERSW

K ARALE L, RTINS ERRA,
X% SR G/ MR TR AR B i i 0
O RIEA TSR A, ARAT AN O Fn e 4 BT s i 45 5
PR AR A B T, % B M KT REP 3h
412 000 MW, SR KA ARE %A 0.5 Hz/s. H
HRAELR, TER 2 Frd i FEml L, 5IA
IEB A HEALPL SN, DB PLA 25 0 i 1E
W,

x 10°

L8| st (L
16| M fifEpLAL

136 089

160 880

155 638

= 1.4t

135012 185 837 160 798 155 442
Atk

B9 AEBREFERTHHNAPREE
Fig.9 Awarded unit capacities under different capacity de-
mands

HIEL 9 mIAl, AR AR RR L2
AR B0, SR FH 0 2 4 0 B8 SR AT Bl T4
P IRBC B AR TR T ROR . A A4 7 R i vy B4



46 =k p

5545 4%
R4 FRTHHBELR 20718
. . . 185901 185 891 185 887
Table 4 Capacity market clearing results 1.8} BT Q'E T
FW BPREARMY  RGRs  dli/Go-d ) | o dr
1.4+ T d
% 136 089 3.77 13 181 366 2 M FAREALE
5 185 841 5.23 13 447 095 5@ 10
Tk 160 880 5.02 13 749 621 E 0.8
£ 155 638 4.44 13 697 413 0.6
0.4+
R T - 0.2f
B2 RYE MR 5 1 R D LA DL 0

R gk, FEOLA LT MR 7RIS
BRI R, KU IR HRE IR LA R
Fe T RedE T, A B FORAE AR ZE ) .

R4, RGNS iR Z BIfETEIE
FHOAHAE LM R, A TR EE, &
Sl Ok MM, OB LA bR A SCH:
JERIgER N ) R G R K BT B . (E
ERNE, EREETRm, AHE IR
K MEFETREIER S, s Em, U
Wl T KT ARENMER AL A midlices o VIR i 4
(BVEAf R RIS AOCR ) K R, FERE, M
96.97C-MW d!'; &ZkKZ, H88.07C-MW d;
#Z A 8550 -MW d Y, fiF4E = BEHAK,
R 72376 - MW A, X RIAFZR AT KK
i, HHFhbREEh LRI £, L5
fidedl; MEERET R, HEhyLgaETh
PRA R A EL T, SRR AR 22
5.5 RS ERMNBFENHHBELE RN

ASCH T RE IR B 5 SRR A S B RE IR LA B K
AR 2 M5 R G0 e KT F 25 2 A L 47
(IEEPLAERE ). BIPHEBERBBERAN
37% e NATHTB BRI, Fie—E s [ 2
K EHLAL RS, JF AR R B ge TR ALZL 1Y
WIS &, ISR AN E 10 FIER 5 PR .

HE 10 FfIR S A A, REE IR AR
FE, MASE R SRS ERE ML, Hik
RN B B R IE A BEE HRE IR B3 R
BT, WA ETRROER T, BT HaEIEL
A RN AL, HZ B8 5 R LB AL
FRZS . SR, BrREURMLAL AW S R T
[0 & HALAL, RGBT e bR 28 S B
M MR, REHREEILA RN, HBE
Wikt i TR T B RS S g

BBERAB%  BBERAO%  BIEERS%

10 AEFEFERSEXRTHNARREE
Fig.10 Awarded unit capacities under different renewable
penetration levels

=5 ARFEFREERTIEMHHEER
Table 5 Capacity market clearing results under different re-
newable penetration levels

HEERE B R %  MIPFRARIMW - R Hlkis/Ge-d™)
43 185 901 5.02 16 575 347
49 185 891 4.88 17 941 420
55 185 887 4.86 20 884 508

56 MREARNBTEMHHBERNZM
ANTRIGE £ 249 SR % % T A 1 T 45 R 9 52 ) D,

Bl 11, ARSCRE AR5 . Joli 299 S KA

AR 0.5 Hz/s . 0.3 Hz/s #10.25 Hz/s.

x 10’
OF | M [R5k HUHLAL 55
W HLAL

B | mottkiil L
- !ﬁ%wﬂ;iﬁ >0 5.0
= o <z
= i
IH st s
e 450
e 4r =
e~ \N\K'
3}

ot 14.0

1

Tetb i Frocor = Frocor =
A 0.50 Hz/s 0.30 Hz/s 0.25 Hz/s

11 REARIHIFLE R

Fig.11 Impact of inertia constraints on clearing results

P11 Bz e 7158 B 2 SR AR 1 O T R GERY
TR Ko F R AE AR R E T RS
TEIB B R B LB, T 9 SR e A
MR R GEOR 5 = (B Ko Bl 15
R FE G, B R AP A LAY AR A R
AR5 () XU AT EARALAE R A AR s 4
MY AT R 20 13 474 29556 - d



F5M

AR, S BBARGR MR TR AR HL ) A TN 5y 47

13492 9925% - d'. 12334 763 J6-d™". 7 344 264
Jeed. W T HRE IR S5 305 ok s TR &
HHLALRMEREALAL, M4BT RETRMLALAE bR 2 i
07 g A L R K LS G REALAL 5 EE
AR TRk U NE G ts N
57 tinsElES

T s FEZ TSNS . £PLa
bR 2 e S AR AN A R o 25 e (1L
F T HALAT B [ 5 BAR 1) — 5 L 7E L ) 2 i
W AT IR . R B RE IR AL RN 5 e T
T AR, (R AR B E T R &
HLHLALFEREALAL . SN E, FraeipLAl
TR T PR T 0 & B P AR A T A2 3R 3ES
SR, Hope 25w ] bk 500 SR o, A
B2 LA RE R G AAEA L, FILHEE
TRHLATCTE e sk KM G &, XTE—
& FAREE T R K e HLEE A REMLLE 1Y & B 25
K-S

6 45iE

TE G L BLETRETR i 1 R GE v, AL 5 RS
/B R A A L A R T I B B A
W SR E . R/ MBHR R OR AR A &
ETHLH, BB A RS | LT RE IR LA AE N
Moo R TS S0 % BARmS, Brie
DAL n]ad i oA R B Pl AR, IF S fRE
RGEHFICE, 1ERGEEA AR R s
SCELPRE RN, TS T RGEREEE M. [,
T S SR AN A 15 R I AR 45 B A {3
Tt WA EBHRS 5B s 1
ERRARAL T B M EAR 5 ASCHRTEIE L
N EELE.

Dt i 25251
AN RIS, PRS0 I s . &
AR 2 T I R A [ SR A B AR A, sl
G R = S ECP AR R, BRI

2) ARSI 18 Z Gt foe/IMBR T SR 2R 7%
T A, e T e (L R 22 S AL
BAR, AROED TR TNIIRE R, &
TN — AR AR BN A TG T R

M AFE MG, FREEBERN TR

GEfE HSAE S S I bR iy BOF 2 i i il e
{H 2 PR IBR R AR R AL AP KT

4) AR B i 2 R B TR R G R
2, (HREUHR I PR, Wik 2L
fio P, TG BB ORI O, TR
AN PR AT

JR SRR B X 1 Hi I A (R BE PR A
DR, A4 A LU i 52 5 b 0 (4 S ST T 3L
RN N . A ZITHR AL TR, If
e E ML, P e R T s 5
A

S22 3Lk

(1] FEARRS . s Fe il n] f A RETR R ) R 48 R PE A B oK

FEJNEWIFELD ] AL AT ARt iR %, 2024.
ZHUANG Baisong. Research on flexible capacity require-
ment determination method of high proportion renewable
energy power system [D]. Beijing: North China Electric
Power University, 2024.

[2] QINY J,MA J,HUANGFU S Q, et al. New power sys-
tem minimum inertia requirement evaluation model consid-
ering dynamic frequency constraints [C]//2024 3rd Inter-
national Conference on Energy and Electrical Power Sys-
tems (ICEEPS). July 14-16, 2024, Guangzhou, China.
IEEE, 2024 :639-642.

[3] PRI, Hh, SRR, 45 . e bl AR AR IR ) R
F 5 kg s (7], I s, 2025,46(8) : 116-128.
SHEN Fu, CAO Yang, XU Xiaoyuan, et al. A review of
inertia prediction methods for power system with high pen-
etration renewable energy sources[J].Electric Power Con-
struction, 2025,46(8) : 116-128.

[4]  ESCUR,BRCRE MRttt gy OB ) R GE T PR K
WS -G IR TSRk [T ] 8 2 77, 2025, 53
(12):1-12.

WANG Wenjian, CHEN Feixiong, LIN Shiqi. A review
of frequency regulation capacity demand calculation and
energy storage-load frequency regulation methods in new-
type power systems[ J].Smart Power,2025,53(12) : 1-12.

[51 JCEEA . a7 B H Iy R G R M B T L 5
[D]. &t RRR, 2023
KANG Lijun.Research on flexible capacity market mecha-
nism in new power system [D]. Nanjing: Southeast Uni-
versity, 2023.

(6] JEf—, Blares, X730, 45 BT al A8 gt s Y 1 ad ffifie
N T RGP ik [T ] ) TRER,
2025,44(5):148-158.

ZHOU Maoyi, HUANG Tingyu, LIU Ziwen, et al. Evalu-



48

=k 2

45 4%

[8]

[10]

[13]

ation of power system inertia based on recursive least
squares with variable forgetting factors[ J].Jiangsu Electri-
cal Engineering,2025,44(5) : 148-158.

TR AR, R SCT, A FIEHTRE IR ) R G IR
LI 23 3 AR R ST R X 5k [T ] B i, 2025, 46
(3):128-145.

XU Yanchun, REN Jianxin, SONG Wenyu, et al. A real-
time partitioning method considering the spatial and tem-
poral distribution characteristics of renewable power sys-
tem frequency response [J]. Electric Power Construction,
2025,46(3):128-145.

XV, AR, 5 55 . 2 YR~ Aar LA A ) F
J1 R GERUZ A v B AR AL [T, e 5 A5k, 2025, 62
(11):154-166.

LIU Haitao, ZHU Kangkai, WANG Yuhao, et al. Bi-level
unit commitment optimized dispatching model of power
system with”source-load ’bilateral frequency regulation[ J].
Electrical Measurement & Instrumentation, 2025,62(11)
154-166.

FISCIE , HE [, B A, 45 T 3 SRR H5R #Y VSG
IFIR 22 58 Ty A 4R 5 1 O 3k [T]. 8 B 1, 2024, 52
(11):16-22.

BAI Wenyuan, ZHUANG Guofeng, LUO Xuemei, et al.
Power oscillation suppression method for VSG parallel
system based on dynamic damping enhancement[J ].Smart
Power,2024,52(11) : 16-22.

RFT, B, KT, 45 H R R RE AR RS BRI T 4
A REELT]. AL S LA S5 T0 kM, 2025,46(3) 1 1-12.
ZHU Baoyu, WANG Ying, ZHANG Zixiang, et al. Re-
view and prospects on research of grid - forming energy
storage converter technology[J].Power Capacitor &. Reac-
tive Power Compensation, 2025,46(3) : 1-12.
R, SO e, 55 i ) RGE I K
DA B LT ] HL ) R GE A Bk, 2024,48(10) £ 54-65.
ZHANG Wuqi, WEN Yunfeng,HE Ye,et al. Trend evalu-
ation and application of medium and long-term inertia level
in power system [J]. Automation of Electric Power Sys-
tems, 2024,48(10) : 54-65.

oy 20 , 257, 45 R AR P U R T X R E A
M ERLHIB R R R [T] AR A 8k, 2025,47(3)
86-89.

MA Jiangong, LI Yupeng, LI Qing, et al. Enlightenment of
centralized capacity markets in UK and US on design of
capacity adequacy mechanisms in China[J].Electrical Au-
tomation, 2025,47(3) : 86-89.

TR s, E B A B R L Al E A AT RE IR
ML) RG] i R4S B, 2024,
26(1):36-41.

FENG Yingchun, FAN Jie, WANG Yang, et al.Capacity

[18]

[20]

market clearing model of new energy power system consid-
ering credible capacity of virtual power plant [J]. Power
Demand Side Management, 2024 ,26(1) : 36-41.

SR i T 2 i IR A A R T 2 58 S AL T O
[D]. BB AR R, 2023.

XIA Zanyang.Research on capacity market trading mecha-
nism of multi-power sources in electricity market[ D ]. Wu-
han: Huazhong University of Science and Technology,
2023.

SR, T XA 45 T M RGBT R Y K L A
Gtk I]. i R A Ik, 2023,47(14) : 12-20.
LU Gang, YUAN Bo, ZHAO Conghao, et al. Pricing
method for generation capacity market considering system
inertia demand [J]. Automation of Electric Power Sys-
tems, 2023,47(14) : 12-20.

SR XU s, 45 e S B R B Ik 55 1T 52 5
BLAIBTFE [T ] f s, 2024,45(10) : 158-166.

XIE Yiguo, LIU Muyang, CHANG Xiqiang, et al. Re-
search on transaction mechanism of moment of inertia aux-
iliary service market [J]. Electric Power Construction,
2024,45(10) : 158-166.

WREHIE , 5% , QIR , 45 1T B 25 Fo A P 1 25 o
Y Z ReE M B R [T]. B ) Bhee 5 R 24, 2024, 39
(5):270-278.

CHEN Mingyuan, MO Dong, LIU Qixing, et al. A multi-
energy pricing model for capacity markets considering gen-
erating capacity adequacy [J]. Journal of Electric Power
Science and Technology, 2024, 39(5) : 270-278.
HERG SR, SRR AR S| BRI 2 2 2 R B
R REACBE [T ] i ) A sk, 2024, 44(8) -
176-184.

HONG Hanxiao, WU Chenxi, NI Suoyin. Optimal sched-
uling of new-type power system considering frequency-
inertia security constraints [J]. Electric Power Automation
Equipment, 2024,44(8) : 176-184.

R, G M3, 55 AU R GE P AR RE SR AU B DAL 5
WA SRR [T ] Wi T AL ), 2024,43(6) - 52-60.

YANG Li, LAN Yixi, LIN Ling, et al. A virtual inertia as-
sessment and frequency support technology for wind-
storage power generation system [J]. Zhejiang Electric
Power,2024,43(6) : 52-60.

T A7, e, TR, 55 B B R A L R SR
5 — WA IS ML 757 [T/ OL | R s AL T
4, 20242 1-17. (2024-08-30) [ 2025-07-10 ] https: //
kns. cnki. net/KCMS/detail/detail. aspx filename=
7GDC20240828005&.dbname=CJFD&.dbcode=CJFQ.
DING Qili, ZHANG Xinggan, ZHANG Na, et al. A joint
planning and configuration method for power system iner-

tia and primary frequency regulation reserve considering



el AR, S BBARGR MR TR AR HL ) A TN 5y

49

[23]

[24]

[25]

(28]

extreme events[J/OL ].Proceedings of the CSEE, 2024 : 1-
17. (2024-08-30) [2025-07-10]. https://kns. cnki. net/
KCMS/detail/detail. aspx filename=ZGDC2024082800
5&.dbname=CJFD&.dbcode=CJFQ.

SHANG N, SONG Y H,ZHANG X, et al.Capacity mar-
ket mechanism design, considering network optimization
and energy transition[J].CSEE Journal of Power and En-
ergy Systems,2024,10(4):1676-1687.

EWH R, I ER 45 BT K-means RIS 5 LSTM
RRAU A 2 REVRAE & L Srter 70 [0 . BRAR R 0, 2025, 42
(2):369-376.

GE Yaming, QIU Chenguang, XIE Lirong, et al. Multi-
energy coupling power load forecasting based on K-means
clustering and LSTM model [J]. Modern Electric Power,
2025,42(2) : 369-376.

K SCHE . TRk K-means SRS AT HL ) 60 A F0I0 vk
FFE LD | R : R RHER A, 2023,

ZHANG Wentao. Research on distribution network load
forecasting method based on improved K-means clustering
[D].Chengdu: University of Electronic Science and Tech-
nology of China, 2023.

ZHANG M, SUN S X,CAO G R, et al.L.oad characteris-
tics analysis based on improved K-means clustering algo-
rithm [C]//2019 TEEE 2nd International Conference on
Automation, Electronics and Electrical Engineering
(AUTEEE). November 22-24, 2019, Shenyang, China.
IEEE, 2020:510-515.

SHAO X R, PU C, ZHANG Y X, et al. Domain fusion
CNN-LSTM for short-term power consumption forecast-
ing[ J.IEEE Access, 2020, 8:188352-188362.

XU W Q,HU H, YANG W.Energy time series forecast-
ing based on empirical mode decomposition and FRBF-
AR model[J].IEEE Access, 2019, 7:36540-36548.
Xt B RE IR ) R OR A A RIS
[D]Ats Aedb s Jy ka7, 2022,

LIU Zhongjian. Research on capacity market considering
inertia demand of new energy power system [D]. Beijing:
North China Electric Power University, 2022.

XUFRR , A, KR, 45 S T ROE SR RIS AR HL 3R
ZEFE AL AT O[T ] WL H ), 2025, 44(8) :15-23.
LIU Ruilin, YU Yang, LLIU Jun, et al. EV charging load
forecasting using an enhanced Monte Carlo simulation
methods[ J].Zhejiang Electric Power, 2025,44(8) : 15-23.

[29]

[30]

[31]

[34]

SR ERSC BT AL ) R G/ MR TR PG AT ). =
R A, 2024,52(4) : 86-91

ZHANG Luwen. A new evaluation method for minimum
inertia requirements of power system [J]. Yunnan Electric
Power, 2024,52(4) :86-91.

XUBETF . 25 ) v B i IR A A H, ) 2R e /DM i
FORPEAE D . B At B AR R, 2023.

LIU Yishi. Evaluation of minimum inertia demand in
power systems considering frequency regulation of power
electronics-based power sources [D]. Nanjing: Nanjing
University of Posts and Telecommunications, 2023.
Wl TR ARETT, B, 55 | BT Rk M SR A RE R ¢
PLACHC BT [T ] WAL )y, 2021,40(3) : 113-120.
YANG Xiaolei, XU Jianyuan, TAO Huan, et al. Research
on optimal configuration of energy storage system based
on improved whale algorithm[J].Zhejiang Electric Power,
2021,40(3) :113-120.

RRATL, 1 =M, iR B, A5 BB R TG W AR i A g
RS ENINET] BT RGE AL, 2024,48(11)
64-76.

QU Ying, XIAO Yunpeng, ZHANG Chen, et al.Clearing
model and pricing method for capacity market considering
flexible regulation requirement [ J]. Automation of Electric
Power Systems, 2024 ,48(11) : 64-76.

[ R -5 0 A R O F AR HEL B R Z= B 25 . e
Bl 88 1843 S0 GB/T 38983.1—2020[S]. b
5 B R, 2020.

SRIGEE:  TE be— USRI it S VSG A fE ST
FOSAGIHT D] dbat At L 1 7, 2020.

ZHANG Xiaolei. Configuration and cost analysis of VSG
energy storage unit considering primary frequency modula-
tion and inertia support [ D ]. Beijing: North China Electric
Power University , 2020.

WFa HER: 2025-08—01; fEEIHHEE: 2025-09-01
EE '

7 A&

BAAFE(1989), *, ML, HHRIEITF, BIAFT @A E
KREL B,

B #(1978), %, MW, SIHR, IRT@ARLAZ

Gt Hdedl, (G@AE1EL)

(ALt KB



