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Evolution strategy of low carbon integrated microgrid hydrogen energy storage with
Multi-agents investment on the power generation side

ZHAO Hailing"?, WANG Weiqing', LI Xiaozhu', CHENG Fangliang®, YANG Yongli’
(1. Engineering Research Center of Ministry of Education for Renewable Energy Generation and Grid Connection
Technology, Xinjiang University, Urumqi 830047, China; 2. Power Exchange Center of State
Grid of Xinjiang Corporation, Urumqi 830002, China)

Abstract: In the context of low-carbon economy, in order to improve the flexibility of direct energy supply to large users
and deal with the asymmetric behavior decision-making of multi-agents jointly building and sharing under limited
rationality, an evolutionary behavior analysis method of new energy station joint investment in low-carbon integrated
microgrid hydrogen energy storage is proposed. First, based on the space-time complementarity between power
generation by multiple new energy stations and energy consumption by large users, the basic framework of multi subjects
sharing low-carbon integrated microgrid hydrogen energy storage is proposed, which makes each generation entity
construct “self-imbalance+direct power supply-+surplus grid purchase” mode. This is to decrease their investment cost
while strengthening new energy friendly grid-connected capacity and power supply and consumption flexibility. Second,
considering the asymmetric behavior decision-making of multiple entities in participating co-building and sharing, an
evolutionary behavior analysis of multiple investment strategies for multiple new energy stations under bounded
rationality based on replicator dynamic equations and an evolutionary stability theorem is conducted. Finally, the new
energy gathering area in Northwest China is taken as an example and the cooperative behavior of generation side in joint
investment is inferred. The results indicate that the government can incentivize joint investment behavior by providing
appropriate subsidies to stations with intermittent power generation characteristics or refining electricity price settings. In
this way it promotes the large-scale development of hydrogen energy storage. New energy stations can ensure their own
fixed value benefits by increasing their installed capacity.
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Fig. 1 Structure of shared low-carbon integrated microgrid
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Fig. 2 Evolution process of joint investment in low-carbon
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Fig. 4 Grid structure of new energy gathering area

in Northwest China
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Table 2 Capacity allocation scheme of low-carbon integrated microgrid hydrogen energy storage under different levels of cooperation

& FEA o fE {MB1,MB2}MB3 {MB1,MB3}MB2 MBI1,{MB2,MB3} (220
Ll /MW 25.87 14.07 16.15 16.91 14.06
FL R /MW 69.98 63.65 74.17 79.45 91.64

PR L/ MW 137.05 125.78 139.88 140.10 141.28
fitr L 51.52 62.95 221.15 221.56 223.76
it FE/MWh 270.74 251.90 271.21 257.64 206.42
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Table 3 Benefit analysis of each participant under different levels of cooperation
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Table 4 Stability of evolutionary equilibrium

point of multi-party game
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Fig. 5 Evolution results of new energy stations under

different willingness to cooperate
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Fig. 6 Evolution results of new energy stations

under different feed-in tariffs
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Fig. 7 Evolution results of stations under different initial intentions
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Table 6 Scale of new energy stations in different situations
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