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Abstract

In the context of increasing penetration of clean energy sources such as wind and solar power and
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the demand for decarbonization of energy sources, it is particularly important to accurately simu-
late the uncertainty of new energy output and guide the load-side flexible resources to participate
in demand response. To address the above issues, this paper proposes an optimal scheduling model
for virtual power plants that takes into account the source-load uncertainty and stepwise carbon
trading. First, the source side establishes a joint probability distribution model of wind and solar
power based on the Frank-Copula function, and samples the typical scenarios of wind and solar
power. Second, carbon capture and storage (CCS) equipment is introduced into the multi-energy
coupled virtual power plant to reduce carbon emissions, and a demand response model is estab-
lished on the load side that takes into account the energy satisfaction of the flexible users to enhance
wind and solar power consumption. At the same time, a stepwise carbon trading mechanism is in-
troduced to establish a VPP day-ahead optimal scheduling model for source-load cooperative opti-
mization and low-carbon transformation. Then, the multi-objective optimization problem is blurred
into a single-objective optimization problem by using the trapezoidal affiliation function, and the
CPLEX solver is invoked to solve the problem. Finally, the effectiveness of the method in this paper
is verified by case analysis.
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Figure 1. Mechanisms of scheduling and operation of a multi-energy coupled virtual power plant
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Figure 2. Plot of elevated semi-trapezoidal affiliation function
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Table 2. Genset parameters
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E HiE e Bl
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Promin (MW) 0 Pro e (MW) 15
Peamin (MW) 0 P (MW) 15
Hc,min(MW) 0 Hc,min(MW) 30
Hoo (MW) 5 Pmin (MW) 0
Py max (MW) 30 P (MW) 5
Poimex (MW) 15 H 0.55
1% 1.02 o 0.6

a, (USD/MW ) 13.29 bl(USD/MWZ) 0.004
¢, (UsD/MW) 22 d, (USD/MW) 22
e,(USD/MW ) 39 e(UsD/MW ) 30
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Figure 3. Wind and solar scenario generation results
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Figure 4. Load distribution before and after demand response
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Figure 5. VPP units’ output results before demand response
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Figure 6. VPP units’ output results after demand response
B 6. ERMRIE VPP ZHBH LR

Table 3. VPP optimized scheduling results before and after demand response
2 3. FKRMRIFTF VPP L BELESR

R4 | \
BRUR PWEE  amas o me an VPP ARG
1% 1%
i} 1 97.56 79.06 233.74 927.67 427348.45
Ja 1.158 99.27 81.83 236.14 916.10 431449.08
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Table 4. VPP optimized scheduling results for each scenario
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