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Optimal Scheduling of Integrated Energy System Considering
Integration of Electric Vehicles and Load Aggregators
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(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: Fully tapping into the role of user side regulation helps reduce the energy cost of integrated
energy system (IES). Demand response (DR) and electric vehicle (EV) as schedulable resources on the
user side are important regulation means for optimal scheduling of IES. However, in the actual operation
process, due to the influence of load aggregator (ILA) economic incentives and EV travel, the economic
impact of the uncertainty of user side DR on IES cannot be ignored. Based on this, this paper proposes an
IES optimal operation model considering the robust stochastic optimization of EV and the participation of
LLA which considers the energy purchase cost of IES from the superior network and the economic loss cost
of LA. First, the response rate model and EV uncertainty model based on economic incentive are
constructed. Then, the robust optimization model of EV is built, and the load demand of EV travel
uncertainty is analyzed. Finally, a simulation example is given to analyze the impact of user DR uncertainty

and EV uncertainty on IES operation economy and power balance. The simulation results show that
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considering the uncertainty of DR and EV can optimize the economic operation of IES and reduce the

economic loss of LA and the total cost, which verifies the effectiveness and economy of the proposed

models.

Key words: integrated energy system (IES); load aggregator (ILA); demand response (DR) ; electric vehi-

cle (EV); uncertainty
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Fig. 1 Uncertainty mechanism of user demand response
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Fig. 2 Structure of integrated energy system
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Tab.1 Time-of-use price
JH o, 5 A i B Was /(o6 « (kW + h) 1]
3 8:00—11:00 1.2
18.00—21:00 1.2
S 6:00—8:00 0.75
12:00-—14.00 0.75
s 0:00—5:00 0. 35
15:00—17:00 0. 35
22:00-—24.00 0. 35
F2 HEEHE
Tab.2 Data of each equipment
ESE 28
CHP PR, =2 000 kW, 5" =0.35, 5" =0.4
GB Pt =800 kW, 7" =0. 85
EC PRI =400 kW, COPgc=4. 0
AR P =1 000 kW, COPAg=0. 8
HST

E}™ =500 kW » h. E}™ =50 kW « h
pas

ter =125 kW gy o, = .41 = 0- 96
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Tab.4 Comparison of system optimization under 4 scenarios

AR
R R X LAZHHA EVIMAE  BmAX
10°4/56 A X104/58 A/ T8 104/78
1 117.14 5.41 1169.58 122. 66
2 116.55 5.85 1115.60 122.52
3 119. 04 4. 84 1210.76 124.01
4 116. 25 4.13 1 097. 32 121.38
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