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Multi-objective operation optimization of wind-solar-thermal-storage integrated

energy system considering carbon capture
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Abstract: Against the conflict between carbon emission and operation cost in integrated energy systems, a
multi-objective optimal scheduling method for wind-solar-thermal-storage integrated energy system considering
carbon capture is proposed. It explores how carbon capture equipment affects the renewable energy consumption,
carbon emissions, and operating costs. Taking the electric load data of a typical day in a specific area as a
reference and the improved IEEE 30-bus system as the example, the system economy is optimized. The results
show that, compared with the wind-solar-thermal and wind-solar-thermal-storage scenarios without carbon
capture, the operating costs of the integrated energy system considering carbon capture reduces by 5.19% and
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2.86% respectively on typical days, and the carbon emissions decrease by 1 159 t and 1 013 t, respectively. The
consumption rate of wind and solar power generation increases by 5.01% and 2.82%, respectively. Moreover, with
the minimum system operation cost and carbon emissions as the optimization objectives, the non-dominated
sorting genetic algorithm 11 is used for multi-objective optimization, and the system scheduling optimization
scheme under different target weights is obtained by combining with the linear weighted sum method. The study
finds that, increasing the weight of carbon emission target reduces the carbon emissions but raises the system
operation costs and the cost per unit of carbon emission reduction. Specifically, when the target weight of carbon
emissions rises from 0 to 0.5, the carbon emissions decrease by 5 159 t and the operating costs increase by 205
466 yuan. The carbon emission reduction cost per unit increases the least when the target weight shifts from 0.4 to
0.5. The most significant emission reductions occur when the target weight is within [0.2, 0.4]. The
multi-objective optimal scheduling method considering carbon capture proposed above provides a reference for
decision makers when weighing system carbon emissions and operating economy.

Key words: integrated energy system; operating optimization; carbon emissions; multi-objective optimization
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Tab.1 Parameters of the thermal power unit

*2 BETESYH
Tab.2 Main parameters of the model

mH HE
Cuwind« Csolars Cstor/(JG {MW h) 1) 30.00. 40.00. 83.20
FRBEAN Ceoal UG 1) 600.00
HAZHAL CO2 s Ksl($ £72) 4.89
fitifig Hith Ssocmin/%- Ssocmax/% 20.00. 80.00
HRERGE nes 1% 90.00. 90.00
BT IR EREFE o (MW h £1) 0.27
WA RLZE o 0.90
AL T M FFIEIETT AR Caw /($ (MW h) ) 50.00
TRHER LA R 2L A/ (t (MW h) 1) 0.70
WAL G NG ool O 1) 100.00
TRHEBRIE Es/(t (MW h) 1) 0.816

éﬁu’ —'l*J— Pi,max/ Pi,min/ ail bi/ ci/ Ri,u/Ri,d
25 MW MW (MW tMWY) MWD (MW min?)
1 2 300 100 0.0001307 0.23222 16.007 26 4.5

2 11 300 100 0.0001307 0.23222 16.007 26 4.5

3 13 600 200 0.0000169 0.27601 11.46196 9.0
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Tab.3 Carbon emissions and wind power consumption in
different cases
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