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Abstract: [Objective] To accommodate the decline in the share of thermal power generation in the power mix,
which is expected to drop from 65% in 2016 to 40% in 2025, China is pursuing power system reforms to adapt to
the productive forces development. One of the important means is the development of a power spot market. The
electricity spot market is the core of the national unified electricity market construction. Simulating long-term spot
electricity prices is of great significance for equipment selection and revenue assessment in thermal power plant
flexibility retrofit projects. [Methods] This study proposes a method for simulating long-term spot electricity prices
under different power source structures, including clarifying electricity market members and their relationship,
establishing a method to calculate thermal power plants’ marginal costs, providing a bidding method for co-operated
heat and power plants, and simulating long-term spot electricity prices under different power source structures.
[Results] The research shows over 74% of the simulated values have a deviation within 250 yuan/(MW ) from
actual values. [Conclusion] This paper proposes a model to simulate long-term spot electricity prices and presents
the results of a full-year continuous operation of future power systems. This simulation method is applied to provide
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a basis for flexibility upgrades and long-term economic evaluations of energy storage. It also provides methods for
calculating the marginal cost of thermal power and a method for co-operated heat and power bidding, leading
to the following conclusions. The simulation results are obtained based on the entire process of determining spot
electricity prices. Under the current power source structure, spot electricity prices are determined by thermal power,
while under the future power source structure, spot electricity prices are determined by both thermal power and
energy storage. Under the future power source structure, spot electricity prices and thermal power generation show
seasonal differences: they are higher in summer and winter. This can provide a reference for thermal power bidding
and quantitatively estimate the economic benefits of flexibility upgrade schemes for thermal power plants.
Thermal-electric coordination technology can increase the daily revenue of coal-fired power plants in the electricity
market. Taking a 660 MW rated coal-fired unit as an example, this technology enables it to earn 3.52 million yuan
more per day than traditional combined heating and power generation methods. It can also reduce the power and
capacity requirements of energy storage systems. This paper will be of interest to electricity market designers,
participants, and decision-makers involved in thermal power plant flexibility retrofitting.
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Tab.4 Economic and technical results of different

retrofitting schemes of the thermal power plant in
Scenarios 3 and 4
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Tab.5 The long-term power structure
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Tab.6 Unified evaluation metrics across different scenarios

e L 2 R IR AR S/ DLLR AR T 2l '
boe B Z B pe B2 NS IR

ffRE A = R KA R AL (& MW h) 1) (X 10% 5t {MW h)1)? I B2 B AN i/ d
s -kl E S 0.01 0.61 360 8.2 1
5 - eI 0.11 0.81 688 385 1
1 5 3-# L B[R] 0.02 0.58 428 136 1
1 5t 4-H LS 0.03 0.69 237 24.7 1
AAFES 0.27 0.11 335 15.6 365

http://rlfd.cbpt.cnki.net




%8

VR SE K HLIABR A L T3 B LA R 148

445 B

AR SR H AL 3 BB A A T 4 1
KK RRAEFEELIBATER, ZENTET N
RGOS . A KAWL THG IR KR . RS
ARSI 2 K EL I B AR T B R A E i [
W5, BEILLRE S 1) HE I 5% BN Sk vs 1 42
RS BRENLE B . 74% L EARDLE 5 B S AR I 22
7£+50 JE/(MW h). BLHJRSE ) ELSE sAn ih ko
NUHPE ;s s B L IR S5 79 I 0% Fi A el LA AN
fi e RGL R T

2) {EE A FRSE T, BT s ALK LR
BENHER, B, LWERE. O KRRER
WHESE, ERENE) RIGHESUE T RETF
B o

3) P F AR AT S KT fER T
U sE . LA 660 MW A€ BAMEATLA Jo ], #rifpIF]
FARMH AL Gt oy U H 2 87 352 Jit, [A
i) o] BRIt e R AR BORTh R R B TR .

v
k

>

[& £ X #k]

(1] Rokte, G, T—, 55 Fradc FRERIBTH

I VR B AT SRR SR R[], E E AL LA
1%, 2020, 40(10): 3172.
Song Y H, Bao M L, Ding Y, et al. Review of Chinese
electricity spot market key issues and its suggestions
under the new round of Chinese power system reform[J].
Proceedings of the CSEE, 2020, 40(10): 3172.

[2] HEE K AEFEPAS, 1E2UZ1T ! [E/OL]. 2024-09-05.
https://mp.weixin.qq.com/s/9Q2VKigDV5xJ8_ayeibKcg.
China Electric Power News. The fourth in the country,
officially in operation! [E/OL]. 2024-09-05. https://mp.
weixin.qq.com/s/9Q2VKigDV5xJ8_ayeibKcg.

(3] eyl 2 A DXk i Se s Ik 4 H &5

# W iz 17 [E/OL]. 2024-11-30. https://mp.weixin.qq.
com/s/hSN4AUk72s18Zn2pDb0gKg.
China Electric Power News. The country’s first regional
electricity market completed its first full-month settlement
trial run[E/OL]. 2024-11-30. https://mp.weixin.qg.com/
s/h SNAAUK72s18Zn2pDb0gKg.

[4] IWARERBEMEERRS. S 61.4%: a5

AL B SR T A 48— L T I R B AR BN
% [RIOL]. 2024-03-28. http://fgw.shandong.gov.cn/art/
2024/3/28/art_91496_10433138.html.
Shandong Provincial Development and Reform
Commission. Accounting for 61.4%: market-based
trading electricity continues to increase, and the
construction of a unified national electricity market
system has achieved positive results [R/OL]. 2024-03-28.
http://fgw.shandong.gov.cn/art/2024/3/28/art_91496_104
33138.html.

(5] s ANRLMEEZ KBNS EZ RS, EFRRERK
FZE. K BEVR R IARALHT AR £ W H AN T I A B
[R/OL]. 2025-02-09. https://mww.ndrc.gov.cn/xxgk/jd/jd/

http://rifd.cbpt.cnki.net

202502/t20250209_1396070.html.

National Development and Reform Commission of the
People’s Republic of China. National Development and
Reform Commission and National Energy Administration
deepen the market-oriented reform of new energy on-grid
electricity prices[R/OL]. 2025-02-09. https://www.ndrc.
gov.cn/xxgk/jd/jd/202502/t20250209_1396070.html.

(6] ¥HE, FERK, Bib. by S i br i
[J]. 1R % AL, 2000, 24(22): 9.

Huang R X, Kang C Q, Xia Q. System marginal price
forecasting in electricity market[J]. Automation of
Electric Power Systems, 2000, 24(22): 9.

[7] Zhou Z, Botterud A, Levin T. Price formation in zero-
carbon electricity markets - fundamentals, challenges, and
research needs[J]. Renewable and Sustainable Energy
Reviews, 2025, 211: 115250.

(8] BERA, B2, 5, 5. T3z s i SEAIE 2> A il
L], &R 5 E 3hL, 2003, 27(19): 16.

Huang M X, Zhao X S, Ni B, et al. Forecasting on market-
clearing price based on bidding curve driven model[J].
Automation of Electric Power Systems, 2003, 27(19): 16.

[9] Lu X, Qiu J, Lei G, et al. Scenarios modelling for
forecasting day-ahead electricity prices: case studies in
Australia[J]. Applied Energy, 2022, 308: 118296.

[10] Huang S W, ShiJH, Wang B'Y, et al. A hybrid framework
for day-ahead electricity spot-price forecasting: a case
study in China[J]. Applied Energy, 2024, 373: 123863.

[11] Florian Z, Rick S. Probabilistic mid- and long-term
electricity price  forecasting[J]. Renewable and
Sustainable Energy Reviews, 2018, 94: 251.

[12] 5kMS ¢, #HIE, $HEm, 5. LT STD-ST-Former FrJ3R

TR P I S A[I]. AL TR 4R, 2024,
45(19): 1.
Zhang PF, Hu B, Hu Z S, et al. Long step spatial-temporal
prediction of spot electricity price using dual channel ST-
Former framework based on seasonal trend decom-
position[J]. Proceedings of the CSEE, 2024, 45(19): 1.

[13] Beltré& S, Castro A, lIrizar I, et al. Framework for
collaborative intelligence in forecasting day-ahead
electricity price[J]. Applied Energy, 2022, 306: 118049.

[14] REE. Pt FRKEPHMRES I E LIZ1TH
WRFF[D]. ALt R, 2018: 1.

Wu Y T. Research on the configuration and operation
strategy of co-operated heat and power district heating
system[D]. Beijing: Tsinghua University, 2018: 1.

[15] RELE, Tk, £k, S5 PR TR ™ R
L] XA, 2018(1): 32.

Wu Y T, Yin SY, Fu L, et al. Enhancing the flexibility of
combined heat and power through thermal-electric
coordination [J]. District Heating, 2018(1): 32.

[16] ESW. LI ™ i B B R PP 5 IR AR A 9T
[D]. dbxt: #EHRE, 2021: 1.

Wang X Y. Research on evaluation and process of
cogeneration synergy mode[D]. Beijing: Tsinghua
University, 2021: 1.

(171 XUARIE, SREWE. W3R E B HURRRE - S mr e ik i 22

T[], #1k H, 2020, 49(9): 87.
Liu F G, Zhang X H. Determination of load-impacted
curve on generation efficiency of coal-fired unit by two-
point method[J]. Thermal Power Generation, 2020, 49(9):
87.

(18] Ak, ma WL IR 3771 5 R K ) S OAAIT 5T [D].
Jbxt: AL IR, 2020: 1.

Zhao Y. Research on real-time cost of thermal power plant




s

8

b VR SE K HABR AT H T B B LAY

QI

149

[19]

[20]

[21]

[22]

[23]

under the background of electricity spot market[D].
Beijing: North China Electricity University, 2020: 1.

Wu Y T, Fu L, Zhang S G, et al. Study on a novel co-
operated heat and power system for improving energy
efficiency and flexibility of cogeneration plants[J].
Applied Thermal Engineering, 2019, 163: 114429.

P, KRR, 000, 55 RBHLAZ IR AT
A R G e TAURAE ). T E AL TR R
2018, 38(16): 4815.

Li Y, Mi P Y, Li WT, et al. Full operating conditions
optimization of cogeneration heating system based on
waste heat utilization of exhausted steam of large turbine
units[J]. Proceedings of the CSEE, 2018, 38(16): 4815.
AR, X, R, & S e RIER I RS
AL R R 23 AT S R @ L [IIOL]. T RS H
3 b, 2026-06-09. https://link.cnki.net/urlid/32.1180.
TP.20250814.0857.002.

Shi M 'S, Liu J Y, Guo H Y, et al. Causes and
countermeasures of negative electricity prices in power
system with high proportion of renewable energy[J/OL].
Automation of Electric Power Systems, 2026-06-09.
https://link.cnki.net/urlid/32.1180.TP.20250814.0857.002.
LR, MEE, EREE, & MR 2 5P
GRS RIS [I]. FBMEIR, 2021, 45(9): 3398.
Jiang X, Liu M, Wang T L, et al. Bidding strategy for grid-
side energy storage power stations to participate in the
spot joint market[J]. Power System Technology, 2021,
45(9): 3398.

Tang Q Z, Guo H Y, Zheng K D, et al. Forecasting
individual bids in real electricity markets through machine
learning framework[J]. Applied Energy, 2024, 363:
123053.

[24]

[25]

[26]

[27]

[28]

[29]

http://rlfd.cbpt.cnki.net

TR, BN IR, S5 SRBEHLALRE s A ST B
FRAR R SER FREROA[I). | % HL 47, 2020, 33(6): 53.
Long J P, Wang Z, Lin Y T, et al. Real-time acquisition
method of electricity cost and marginal cost of coal-fired
units[J]. Guangdong Electric Power, 2020, 33(6): 53.
THEERFEATRS A O, PEEFYREET AR
k5 2023[M]. At HE G Tk i, 2024: 148.
Tsinghua University Building Energy Conservation
Research Center. China building energy conservation
annual research report 2023[M]. Beijing: China
Avrchitecture & Building Press, 2024: 148.

Wang X Y, Wu Y T, Fu L. Evaluation of combined heat
and power plants with electricity regulation[J]. Applied
Thermal Engineering, 2023, 227: 120364.

Wz, AL, FLSVET e aCAA R (1 BEAR I A A5
R[], #4244k, 2015, 36(1): 13

Xie XY, Jiang Y. The ideal process model for absorption
heat pumps with real solution[J]. Journal of Refrigeration,
2015, 36(1): 13.

Liu M, Ma G F, Wang S, et al. Thermo-economic
comparison of heat-power decoupling technologies for
combined heat and power plants when participating in a
power-balancing service in an energy hub[J]. Renewable
and Sustainable Energy Reviews, 2021, 152: 111715.
BIKLL. FT R RGO R TR IE R R
PR AT FE[D]. dbat: iEHR%, 2024: 1.

Li Y H. Research on future zero-carbon heating modes in
China based on coupling optimization of electric-thermal
systems[D]. Beijing: Tsinghua University, 2024: 1.

IR A% 2)




