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[ Abstract] Under the background of the energy transition, energy storage, as an important technical means to support a high propor-
tion of renewable energy access and consumption, has gradually become an indispensable part of virtual power plants. Among them,
energy storage selection is a key issue to ensure the safe and stable operation of the power grid and improve the scheduling efficiency of
virtual power plants. Therefore, an energy storage selection method based on game combination weighting and GRA-MARCOS was pro-
posed for virtual power plants. Firstly, the evaluation indicator system of energy storage adaptability was constructed on the basis of
considering the technical, economic, security, and environmental protection indicators of energy storage. Secondly, based on game
theory, the comprehensive subjective and objective weights of the indicators were obtained by combining the subjective weights from
FAHP(fuzzy analytic hierarchy process) method with the objective weights derived from the CRITIC and MEREC methods. Finally,
the utility function of each alternative energy storage technology was calculated using the MARCOS method improved by GRA ( grey rela-
tional analysis) , and this was used to rank and make selection decisions for energy storage. The validity and robustness of the proposed
energy storage selection method were verified through examples and sensitivity analysis. This method provides a reasonable and effective
decision-making scheme for energy storage selection in different scenarios of virtual power plants.

[ Keywords] virtual power plants; energy storage selection; fuzzy analytical hierarchy process; CRITIC; MEREC; grey relational
analysis; MARCOS
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Fig. 1  Evaluation indicator system for energy storage adaptability
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Table 2 Performance indicator data of various energy storage technologies
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YRR/ (kW-m ) 0.15 0.4 5 000 600 140 400 1.2 2 600 80 000
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783127 N 0.9 0.9 0.3 0.3 0.5 0.5 0.3 0.5 0.3
TEFR /1 000 I 15 10 50 3.5 1 0.9 13 10 10
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BHWA/ (FE-kW L h ) 6 1.25 10 1.2 4 0.9 3.2 90 11.5
BYUERA/ (JEkW-h 1) 0.1 0.05 0.15 0.05 0.1 0.05 0.1 0.1 0.05
IR % 75 58 85 92.5 83 80 60 77.5 87.5
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Table 3 Quantitative standards for indicators
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Fig. 2 Comparison of different objective weights
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F4 FMBEEHNEIANEEGZENELER
Table 4 Subjective weight and comprehensive

weight results for two scenarios

i T A BT W T % HTib
4N N . ., A N N
" EWMRE  GARNE EWHE AN
Ch 0.027 3 0.0810 0.188 9 0.188 9
C, 0.252 2 0.1855 0.031 6 0.039 1
Ci5 0.040 3 0.0570 0.1889 0.151 8
Cu 0.2522 0.224 9 0.0316 0.083 8
Cis 0.040 3 0.059 5 0.031 6 0.056 7
Cy, 0.058 0 0.055 1 0.0199 0.0310
Cy 0.029 1 0.048 3 0.038 3 0.056 5
Cyy 0.107 2 0.079 5 0.019 9 0.021 4
Cy 0.0353 0.037 2 0.186 5 0.131 6
Cy, 0.0353 0.030 5 0.103 2 0.072 2
Cy 0.063 7 0.077 9 0.095 2 0.099 4
Cp 0.021 3 0.029 6 0.032 2 0.037 5
Cys 0.037 8 0.034 0 0.032 2 0.030 1
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Fig.3 The comprehensive weight of subjective weight,

objective weight, and game combination
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Table 5 Adaptability ranking results of energy
storage technology in two scenarios
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Table 6 Comparison of the minimum absolute
changes in indicator weights under different

scenarios and different sorting algorithms

e A HE A BE T Z 5Ty
GRA-MARCOS  MARCOS GRA-MARCOS  MARCOS
Ch 0.005 08 0.004 99 0.024 31 0.020 94
Cp 0.007 51 0.007 43 0.042 43 0.021 33
Ci 0.006 65 0.006 36 0.022 46 0.018 64
Ciy 0.13123 0.122 63 0.008 89 0.007 36
Cis 0.005 52 0.005 24 0.010 63 0.008 51
Cy 0.015 52 0.014 24 0.018 47 0.013 36
Cy 0.011 27 0.009 81 0.029 78 0.021 82
Cy 0.025 51 0.023 15 0.045 98 0.032 54
Cy 0.009 92 0.008 84 0.013 40 0.010 81
Cs, 0.019 85 0.017 42 0.030 16 0.022 19
Cy 0.007 81 0.007 62 0.032 30 0.014 88
Cp 0.008 91 0.007 93 0.019 70 0.015 25
Cy3 0.016 15 0.014 37 0.028 80 0.020 79
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