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Abstract: Virtual power plants (VPP) serve as a solution for
the seamless integration of renewable energy sources into the
grid, effectively facilitating participation in electricity market
transactions by various types of distributed energy resources
and thus improving overall competitiveness and economic
viability. In this article, we propose a VPP operating strategy

that aggregates multiple types of distributed energy resources,
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along with a method for profit allocation among its internal
members. Firstly, we construct an optimized VPP operating
model composed of wind turbine, gas turbine, energy storage
equipment, and interruptible loads. We employ conditional
value-at-risk theory to quantify the risk of uncertain factors, and
derive VPP operating strategies and profits under different risk
levels. Secondly, we improve the Shapley value method with
weighted coefficients to develop a VPP profit allocation model
that applies to multiple members, based on the risk levels, profit
contributions, and member attractiveness of internal members.
Finally, we utilize a VPP as a case study to analyze the
effectiveness of the model. The fairness and reasonableness of
profit allocation results are ensured, which plays a positive role
in the participation of various types of distributed energy
resources in the VPP and is also of great significance to

maintaining the stability of the VPP alliance.

Keywords: virtual power plant; uncertainty; optimal

operation;  profit allocation; conditional value-at-risk;

improved Shapley value method
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Table 4 VPP internal member profit with different allocation strategies
S W KB PRI A ass T T B A
W
S B g WOGE O WGERET o o Was WaRiest o o s dsdest o o R dEiRT
WHDC it v U0 meoe bt T e debime TS ke v
0.1 15009 — — 1877 — — 1053 — — 2842 — —
?‘ii 0.5 10456 — — 1564 — — 912 — — 2274 — —
25
09 5716 — — 1279 — — 722 — — 1547 — —
0.1 15913 904 6.0 2018 141 7.5 1182 129 12.2 2983 141 5.0
ShapleyfH % 0.5 12214 1758 16.8 1686 122 7.8 1029 117 12.8 2420 146 6.4
09 7874 2158 37.8 1520 241 18.2 835 113 15.6 1734 187 12.1
0.1 15454 445 2.9 2194 317 16.9 1239 186 17.7 3209 367 12.9
Pt ShapleyfEi: 0.5 12175 1719 16.4 1778 214 13.7 1061 149 16.3 2515 241 10.6
09 8072 2356 40.4 1447 168 12.5 788 66 9.1 1656 109 7.0
16 000
12 12800
18
= 9600
U=y
=
& 6400
o
£
g 3200
ik
0% Shapley
A D

BN 5-0.0 WEE 505 WEN 509 [N -0 EEE 0.5 [ 5-09
B 4-0.0 W 405 [0 =09 NN A-0.1 WM -0.5 [ =09

B 11 VPP R Em S EER
Fig. 11 VPP member profit allocation results
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