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Energy Storage and Wind Cluster Joint Day-ahead and Real-time Operational Decision

LI Ming!, LYU Jinzhou?, ARTHUR Turhoun!, XU Junwei?, Furifucairen', LI Aikui?
(1. Electric Power Research Institute, State Grid Xinjiang Electric Power Co., Ltd., Urumgqi 830092, China;

2. School of Electrical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Energy storage is an important means to promote new energy consumption, and its revenue-oriented opera-
tional decision-making is constrained by multiple factors. Aiming at the problem of cooperative operation
decision-making and revenue allocation between energy storage power station and wind power cluster, this paper propos-
es a day-ahead and real-time decision-making optimization method for cooperative operation of energy storage power
station and wind power cluster based on Nash negotiation theory. The breaking point of Nash negotiation is calculated by
combining the independent operation model of energy storage power station and wind power cluster, an energy storage
power station and wind power cluster cooperative operation model is constructed for the day-ahead stage based on the
Nash negotiation theory, and is translated into two sub-models of the alliance benefit maximization and revenue allocation
equivalently to solve the alliance optimal operational decision-making and revenue allocation problem’s respectively;
moreover, the revenue of each wind farm in the wind power cluster is allocated by using the Shapley value method. The
alliance operation decision on a rolling basis is optimized for the real-time stage according to the real-time SOC status of
the energy storage power station and the ultra-short-term power prediction results of wind power. The example analysis of
the cooperative operation of wind power cluster and energy storage shows that the benefits of energy storage and wind
power cluster increase by 7.23% and 1.45%, respectively, after the cooperative operation, and the effectiveness of the
proposed method is verified, which can maximize the overall benefits of the alliance while guaranteeing the fairness of
the participation of each subject and the reasonableness of the income distribution.

Key words: energy storage; wind power cluster; joint operation; operational decision; Nash negotiation; day-ahead and

real-time optimization
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energy storage power station for wind power cluster
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Fig.5 Forecast curve of input electricity price
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Table 1 Example input parameters
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Fig.6 Decision making for wind cluster operation when wind

clusters operate in co-operation with energy storage

power station
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Fig.7 Decision making for energy storage power station when
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wind clusters operate in co-operation with energy storage power

station
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Table 2  Operational benefit before and after wind cluster

co-operation
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Yk e - o e — —
g/t At At GG TG
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Table 3 Revenue from each wind farm portfolio
HEEET |
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R 2. 3 458 090 2460 148 455 482
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Table 4 Operational benefit for each member of the wind
cluster before and after co-operative operation with

an energy storage power station

sl R 1 M 2 R 3
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Table 5 Operational benefit before and after co-operation for

energy storage
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Table 6 Wind cluster day-ahead and real-time stage opera-
tional benefit during cooperative operation
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Fig.8 Decision-making for rolling optimization of wind power
cluster in real-time stage when wind power cluster operate
cooperatively with energy storage power station
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Fig.9 Decision-making for rolling optimization of energy

storage power station in real-time stage when wind power clus-

ters operate cooperatively with energy storage power station
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Table 7 Energy storage day-ahead and real-time stage

operational benefit during cooperative operation
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Table A1 Benefit of energy storage operation in day-ahead

stage
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Fig.A2 Operational decision-making when wind cluster is

operated separately in day-ahead stage
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