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Robust optimization of CCS-P2G virtual power plants considering penalized

carbon prices in price-sensitive intervals

CHENG Yuanlin, ZHANG Shu, ZHANG Y1, YU Hu, XIE Jinlin
(Hunan Electric Power Design Institute Co., Ltd., China Energy Engineering Group, Changsha 410007, China)

Abstract: Since the operation of China’ s carbon trading market is still immature, the carbon price affects the carbon
capture rate and carbon trading cost of the virtual power plant (VPP) system under the combined effect of market
fluctuation and government control. Therefore, this paper proposes a robust optimization model of CCS-P2G VPPs
considering the penalized carbon price in the price-sensitive interval. The penalized carbon price constructed based on
the price-sensitive interval that can effectively stimulate the system’ s carbon capture under the marketized price will
increase as the system’ s actual carbon emissions increase. Therefore, it is introduced into the adjustable robust
optimization model, which takes the wind power output uncertainty into account. Finally, the superiority of the
proposed model is verified by comparison and analysis in four scenarios. The simulation shows that compared with the
traditional carbon price, the penalized carbon price considering the carbon price-sensitive interval improves the carbon
capture level of the system, and the carbon reduction effect is better; a larger robustness index indicates a more
conservative system and smaller VPP gain, and vice versa. The model proposed in this paper can effectively participate
in the competition of carbon markets, and the formulation of reasonable penalized carbon price interval and robustness
index can realize the synergy of economy and low carbon of the VPP system.
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Figure 1 VPP system architecture
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Figure 2 Thermoelectric operating characteristics of

condensate CHP units
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Figure 3 Variation of carbon capture levels under

carbon transaction cost model
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Figure 9 Impact of different carbon price mechanisms on

effectiveness of carbon reduction
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Figure 10 Impact of different robustness metrics on

amount of unit adjustment
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Table 4 Impact of different robustness metrics on
total benefits of VPP
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Figure 11 Power increment of CCS-P2G with different

robustness metrics
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