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Distributed robust low-carbon optimal scheduling of an integrated energy system considering
worst-case scenario probability and flexibility of supply and demand

WANG Pengpeng, SONG Yunzhong

(School of Electrical Engineering and Automation, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: As the penetration of renewable energy increases, its uncertainty poses great challenges to the economics and
robustness of integrated energy systems. To promote renewable energy consumption and reduce carbon emissions, a
data-driven distributionally robust optimization (DRO) scheduling strategy is proposed. First, a flexible supply and
demand response model consisting of an organic Rankine cycle (ORC), hydrogen fuel cell and electric vehicle is
constructed, and a stepped carbon trading mechanism is introduced to constrain the carbon emissions of the system.
Secondly, in order to obtain the probability distribution of the scene in the worst case, a comprehensive norm is used to
constrain the probability distribution confidence set of the wind power output scene. Then, a two-stage robust
optimization model is established with the goal of minimizing the total cost of integrated energy system (IES) operation in
the worst scenario probability distribution, and the model is iteratively analyzed by a column and constraint generation
(CCG) algorithm. Finally, the simulation results show the effectiveness of the proposed model and solution method. It
also analyzes the influence of the ladder carbon trading mechanism and the supply and demand flexible response model in
improving the system flexibility and low-carbon economy.
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Fig. 2 Wind power output scenario reduction results
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Fig. 4 Power scheduling results of Scenario 3

1800 ==
1600 H
1400 1
1200 -
1000 -
800
600 -
400+
200

INE KW

00:00  05:00 10:00  15:00  20:00  24:00
VI 2

El5 1R 3 REEAELSR

Fig. 5 Thermal energy scheduling results of Scenario 3
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Table 2 Operating costs in different scenarios
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Fig. 9 Results of electric vehicle operation in Scenario 5
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Table 3 Scheduling results in different number of historical data
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Table 4 Operating costs under different confidence levels
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Fig. A1 Historical sample diagram of wind power output
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