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Abstract: Under the planned system, the fixed price makes it difficult to encourage hydropower to participate
in regulation, and the complex hydraulic constraints lead to difficulties in hydropower spot market clearing. To
encourage hydropower to participate in regulation through spot-price incentives and enrich its revenue model, the
game bidding strategy and optimal dispatching method of river-basin hydropower in the spot market were studied.
Based on the hydraulic coupling relationship, the reservoir, and downstream power stations were bundled into a
river-basin hydropower aggregation quotation unit. The river-basin hydropower dispatching mode was proposed,
and the trading decision-making model and the spot market clearing model based on the river-basin hydropower
dispatching mode were constructed. Among them, the river-basin hydropower dispatching mode clarified the power
quantity and price interaction relationships between each power station and the quotation unit, providing constraint
conditions for the trading decision-making model; the trading decision-making model optimized the quantity and
price declared in the spot market to maximize the revenue of the river-basin hydropower market; the market
clearing model optimized the bid-winning quantity and price of power sources such as river-basin hydropower to
minimize the system's power-purchase cost. Using a symbiotic multi-swarm particle swarm optimization to solve
the model for the Wushui River Basin, the results show that, compared with the traditional bidding strategy and
dispatching scheme, the proposed method can improve the peak-shaving ability of river-basin hydropower during

the peak-load period; it can avoid the risk of being rejected in the market during the market declaration process,
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increasing the revenue of the river-basin hydropower market by 20.14%. The effectiveness of the proposed method

was verified by simulation cases.
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Fig.1 Structure of basin-scale hydropower aggregated bidding unit
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Fig.2 Transaction decision modeling game relationships

based on capacity margin scheduling patterns
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game based on game bidding scheduling model
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Tab.1 ~ Table of basic parameters of hydroelectric power stations
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Fig.7 Spatial distribution map of hydroelectric power stations
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Tab.2  Comparison table of winning electricity quantity of basin-scale hydropower

HL 3 i 1 2 3 4 5 6 7 8 9
Bist 1 KB RE/(MW-h)  636.6 128.6 80.4 353.6 193.0 63.0 54.1 64.0 40.0
e el % 39.46 7.97 4.98 21.92 11.96 3.90 3.35 3.97 2.48
AR/ (MW-h) 7215 139.6 98.1 426.7 262.3 75.0 67.6 84.0 525
5 W) 7 A He /% 37.44 7.24 5.09 22.14 13.61 3.89 3.51 436 2.72
A 1K L /% 13.33 8.51 21.97 20.66 35.94 19.08 24.89 31.25 31.25
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5 4w

SCEEE XK 2 5 B T 0028 5 R
W5 8] E D0 A )AL, 5 T BT M i B T 5L 5
TESE K IR I SE AT, T LA 4598

D AEAL GEK B R R P 5 1A T W4 A
FB AR T BT A A A BB A 5 5 TR R
L 2R Al A SR R A Ll ARk
[F Fof AN o /5 Wl A i AR R R . 7
I3 HT R BIAME REUR 0.2 I ROR B . R F T di
FERRUEA [ S 5t T AW aa Az R B, R A A
ARGPARRIAELRMCR O E N AR
Yy Hr iR AL HCHE

2) BT AR R, 25 K LI A
LRV EWIE S S IS AP N FC A
P —Z ) PR —Ti g S " =AY, AT
DA DR L Sl I HL F A 1) R 2k, Tl b 3l 9
BETHR SR o BT 56 . AR e AR, B

PR AT g I K bR ST 0 T 0
£ 20.14% . 5 Bl 80K H 52 98 i 107 BT A A%
525 2GR R B0k B 3R A5 Al
WA T I £

3) AT $ L T TG vt 9 AR A A8 B D 3R
BT A PR AR T 56 T 25 A B O P X i 22 ) ok
R W PR A T 2 AR B i 4k 5
PR B 3K IR I BE 7 55, {H B BT M A% {5 5 e g
BRI TSI 25 22 5 Ja 2 I 1R B L g B )
s AT S AR KBS R . R R A A
JEW 2 B T 58 5 SR R R 5 T
ARHETE , 2R W R FH 2R 5 o B =

S E 3k

(1] R, BT, B, 4 AT FU A K L 8 2 1)

RG], K A4, 2019,50(1) : 112-123.
CHENG Chuntian, WU Xinyu, SHEN Jianjian, et al. A state-of-
the-art review of China’s hydropower operations and the recent
advances in the era of gigawatts[J]. Journal of Hydraulic Engi-
neering,2019,50( 1):112-123.

(2] RS, SR, X074 BT 2 BRIk 2 i )
Bl M ALHIEIE (— ) R R E S L T & H R A 3L
JEACACHERIL]. o R T AR 241, 2021, 41(2) :536-553.
TANG Chengpeng, ZHANG Lizi, LIU Fang, et al. Research on
pricing mechanism of electricity spot market based on multi-
agent reinforcement learning (part ) : bi-level optimization mod-
el for generators under different pricing mechanisms[J]. Pro-
ceedings of the CSEE,2021,41(2) :536-553.

[31 i SCaE . i R K B U S X DX 2 5 A B ) 5 o A)F 5
[D]. K WK%, 2021.

ZHONG Wenxing. The influence of exploitation about hydro-
power resources effect regional economy in Hunan Province[D].
Changsha : Hunan University, 2021.

[4] MORENO R, BARROSO L A, RUDNICK H, et al. Auction
approaches of long-term contracts to ensure generation in-
vestment in electricity markets : lessons from the Brazilian and
Chilean experiences[J]. Energy Policy, 2010, 38 (10) : 5758-
5769.

[5] XD, AR ATy, EHOL, A5 . 25 B8 LG 5T e U 4 F ok

HLLH VA W32 By WL g B T 37 52 By ML BT, K g
17,2024,45(8) : 164-173.
ZHAO Shugiang, SONG Jinli, WANG Aoer, et al. Design of
electricity spot market trading mechanism considering high pro-
portion of new energy consumption and peak load adjustment
compensation of thermal power units[]J]. Acta Energiae Solaris
Sinica,2024,45(8) :164-173.

(6] FEFM,AMS, AN, 55 . g Lok s i i 37 G Il s K
FCAE (], KR ,2024,55(10) : 1163-1173,1186.
CHENG Chuntian, LI Yapeng, LI Gang, et al. Key issues and

79



LA

AtEsh 2026 F 564 F34

R £ A, S IR ST ALK ST Rk BAR AR AT R

(7]

(8]

9]

[10

[11]

progress in electricity markets with high proportion of hydro-
power[J]. Journal of Hydraulic Engineering, 2024, 55 (10) :
1163-1173,1186.

PJM. PJM manual 11:energy & ancillary services market opera-
tions[EB/OL]. (2017-06-15) [2025-02-03]. http://www. pjm.
com/-/media/documents/manuals/m11.ashx.

PR, AR B I, AR BT B H A I S i Y i b
7K B g i H AT BL G R 7)), P R R ML C AR A
2021,41(23):8033-8046.

JIA Zebin, SHEN Jianjian, CHENG Chuntian, et al. Day-ahead
clearing method for high proportion hydropower electricity mar-
ket based on cascade energy linkage control[]J]. Proceedings of
the CSEE,2021,41(23) :8033-8046.
ety BE S, HILAE, E K £ E R0 G
FEN. TRERRA S HAR ,2024,56(3) : 52-60.

ZHU Yanmei, MAO Yuxin, CHEN Shijun, et al. Optimal clear-
ing method of hydropower-dominated spot market[J]. Advanced
Engineering Sciences,2024,56(3) : 52-60.

ST Bl R R, 45 TR A AU UBOK B ATLZE
A BIL B S B 5 (D). RIS T AR DL 2021, 37 (3)
131-137.

ZHANG Qiaoyu, LU Zhanhui, JING Zhaoxia, et al. Research on

—

the bidding mechanism and strategy of cascaded hydroelectri-
cunits based on aggregation nodes[J]. Power System and Clean
Energy,2021,37(3):131-137.

F 3 TSt 8RR B, 45 ST AMA S LB UK B T
Ute DI RO K AR B 1R 2R A TR BE [ J/O L. B i 52Tl K 2
- (2024-06-25) [2025-02-03]. https://doi.org/10.16183/j.
cnki.jsjtu.2024.049.

BAI Yunjie, XIE Kaigui, SHAO Changzheng, et al. Cooperative
game optimization dispatch for cascade hydropower regions
with wind-PV-thermal power based on compensation contracts

[J/OL). Journal of Shanghai Jiao Tong University: (2024-06—

80

[12]

[13]

[14]

[15]

[16]

(17

—

[18]

25)[2025-02-03]. https://doi. org/10.16183/j. cnki. jsjtu. 2024.
049.

LIN Liling, HUANG Chaorong, ZHAO Linfeng. Long-term
hydropower pricing in the spot market with evolutionary game
theory[J]. Journal of Coastal Research, 2020, 103 (SI) : 117~
119.

BSWEHK BEEE AT BT X 1) 2 FARBRZUK s T
ALy AR LS AR, 2022,59(8) : 73-81.

GE Xiaolin, XUE Yu, HOU Haoyu. A multi-agent market tran-
saction model of cascade hydropower based on block chain[]].
Electrical Measurement & Instrumentation , 2022 ,59(8) : 73—
81.

TRUONG T T, LEE J, NGUYEN-THOI T. Multi-objective opti-
mization of multi-directional functionally graded beams using
an effective deep feedforward neural network-smpso algorithm
[J]. Struct Multidiscip Optim,2021,63:2889-2918.

HAN Honggui, WU Shujun. Design of population size for multi-
objective particle swarm optimization algorithm based on the
convergence speed and diversity[]]. Tien Tzu Hsueh Pao/Acta
Electronica Sinica,2018,46(9) :2263-2269.

HAMMID A T, SULAIMAN M H B. Series division method
based on PSO and FA to optimize long-term hydro generation
scheduling[J]. Sustainable Energy Technologies and Assess-
ments,2018,29:106-118.

ATHAY T,PODMORE R, VIRMANI S. A practical method for
the direct analysis of transient stability[J]. IEEE Transactions
on Power Apparatus and Systems, 1979,98(2) :573-584.
KARABIBER O A, XYDIS G. Electricity price forecasting in
the Danish day-ahead market using the TBATS, ANN and ARI-
MA methods[J]. Energies, 2019, 12(5):928.

ek H 1 - 2025-02-03
ek H 19 :2025-03-18





