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An improved multi objective differential evolution algorithm based on variable time period design
for a wind/photovoltaic/thermal/storage system day ahead optimization scheduling

QI Zheng', XU Xixi', XIONG Wei*, CHEN Yanbo'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. Shaanxi Yellow River Group Co., Ltd., Xi’an 710005, China)

Abstract: In the new power system, with a high proportion of new energy, the uncertainty of new energy output not only
makes it difficult for thermal power to meet the accuracy requirements of scheduling plans, but also poses serious
challenges to the economic scheduling algorithm for wind/photovoltaic/thermal/storage systems. For this reason, a
multi-objective differential evolution algorithm based on variable time period design is proposed. First, the variable time
period day ahead scheduling rules of a wind/photovoltaic/thermal/storage system are constructed according to the load
characteristics of each time period. Then, taking the economic cost of system operation and the amount of pollution
emission as the objectives, the Pareto solution set of the day ahead scheduling model of the system with variable time
periods is solved based on the multi-objective differential evolution algorithm. Finally, the IEEE 39-bus system is tested.
The results show that, under the constraint conditions of wind, photovoltaic power, storage, and thermal power all meet
the verification criteria. Compared to other algorithms, the objective function obtained by the proposed method tends to
be optimal, and the effectiveness of the thermal power unit output tracking scheduling plan is significantly improved,
verifying the effectiveness of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 52077076).
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Fig. 1 A new power system model for wind/photovoltaic/

thermal/storage system
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Fig. 2 Net load curve in a new type of wind/photovoltaic/

thermal/storage power system
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Fig. 4 Improved differential evolution algorithm process

based on variable time period design
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Table 1 Main parameters of thermal power units

(economic benefits)

AZA/ A]r'/

M#EY P /MW P,MW T A,/78
(JL/MW?)  (JL/MW)
N1 450 150 0.1524 385397  786.7988
N2 270 65 00179 382704 1356.659
N3 220 60 0.0354 383055 1243.531
N4 200 50 0.0354 383055 1243.531
N5 130 20 0.0211 363278  1658.570
N6 120 40 0.0211 36.3278  1658.570
N7 55 20 0.0179 382704  1356.659
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Table 2 Main parameters of thermal power units
(pollution emissions)

LA a,/ B/ y,/z 0 o/
(Ib/h) (Ib/MWh)  (MW?h)  (Ib/h)  (I/MW)
N1 103.3908 —2.4440 0.0312 0.5035 0.0207
N2 300.3910 —4.0695 0.0509 0.4968 0.0202
N3 320.0006 -3.8132 0.0344 0.4972 0.0200
N4 320.0006 -3.8132 0.0344 0.4972 0.0200
N5 330.0056 -3.9023 0.0465 0.5163 0.0214
-3.9023 0.0465 0.5163 0.0214

N6 330.0056
N7 360.0012 -3.9864 0.0470 0.5475 0.0234
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Table 3 Number of installed thermal power units at each node
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Table 4 Main parameters tuning of differential evolution algorithm
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Fig. 6 Generator output at different times under optimal

economic cost (environmental cost)
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proposed in this paper
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Table 5 Process execution results under optimal economic cost
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Table 6 Process execution results under optimal

environmental cost
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Fig. 10 Pareto solution sets obtained by each algorithm
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Table 7 Calculation results of different algorithms

(optimal economic cost)
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Table 8 Calculation results of different algorithms

(optimal environmental cost)
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