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Game equilibrium analysis of energy storage leasing market with asymmetric information
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Abstract: Energy storage capacity leasing is becoming a new business model. It has received a lot of attention because of
its low risk and high flexibility. To sovle the problem of energy storage capacity leasing between an independent energy
storage operator and multiple prosumers who can simultaneously produce and consume energy in an energy community
under asymmetric cost information, first, asymmetric information is transformed into complete information via the
Harsanyi transformation. Second, a two-stage extensive game model between the energy storage operator and the
prosumers is established. Third, market clearing and settlement rules based on a uniform price mechanism are designed.
Finally, the subgame refinement Nash equilibrium of the extensive game with complete information between the operator
and the prosumers under the uniform price mechanism is analyzed, and the existence of the equilibrium is proved by the
Brouwer fixed point theorem. Simulation studies show that energy storage capacity leasing can significantly reduce the
electricity cost of the prosumers and improve the efficiency of energy storage utilization. The game equilibrium of the
uniform price mechanism is superior to that of the discriminatory price mechanism in finding fair energy storage capacity
leasing prices, increasing the profits of the independent energy storage operator, increasing the scale of energy storage
capacity transactions, and improving social welfare.
This work is supported by the National Natural Science Foundation of China (No. 52207108).
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Fig. 1 Diagram of energy storage leasing in energy community
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Table 1 Time-of-use electricity price
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11:00—13:00; 19: 00—21:00 0.16
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Table 2 Equilibrium results of Scenario 2 and Scenario 3 on the

level of prosumers

P T 2 T 3
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1 13644  0.078 7401  15.838 0.090 6.684

2 13483  0.079 7392 15.451 0.090 6.745

9 14056  0.073 6.750  20.730 0.090 5.611

10 13.093  0.073 6.283  19.299 0.090 5.226

11 7.834 0.074 3.821  10.644 0.090 3.235
12 7742 0.074 3.779  10.493 0.090 3.201

19 5750 0.072 2.751 8.327 0.090 2.298
20 50911 0.073 2.835  8.462 0.090 2.374
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Table 3 Equilibrium results of Scenario 2 and Scenario 3

on the level of the energy community

5% 2 5% 3

25 5 5F S /kWh 1354.88 2087.19
R EEP=E PN 98.62 84.09
ity BE 75 R /KOG 29.07 78.27
FE2AR ARG 127.69 162.36

2, BG—MAHLEICE G2 B SO 3
it R R L S BT S A R S5 i 5 A0 T B
Pras AL -

F AT N(B,0°) IIbRIERE o W] LLBE & &
AT HERITE . o UMb TR BB, T o = 0 X
B2 TR RAE ROl ASCHTES Mo, Bl
o = /16 RTWIFRRAE L. £ 4 41T
Tl A AL AEAN R R TS T A B4 2R
MR 4 TTUE H: 1) EEAXFREBAE T (o= 512
Mo=p/4), Gl ik rRTE . H
A B B B DL R A e A 3 e T B AR AL
il 2) FEXTFRBCAAE BN, PIHLIEN A A (R 25
G, YOMTRRAE A fif Uk 3 DU AR AN Mt 5
3) WAl G SR EER, AR R AR RS BT
Y 5 e » T 7V AR AR AR5 B T R AR B
PRI, fEBERTA SR R AL N A DR, X
BRAL T ASCR T AR A B BB, 73
TETR A ZERAE RE R 3 T 0 HL LS AN R

*® 4 MMENNSIETERAETHEE THIEER

Table 4 Equilibrium results of two pricing mechanisms under different cost estimation precision
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5% 2 1% 3 I 2 I3 5% 2 1% 3
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