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[ Abstract]  Against the backdrop of global energy transition and the "dual-carbon" goals, this study constructs an optimization
model for a low-carbon energy integration system incorporating photovoltaic power generation, energy storage systems, and gas
turbine-based combined cooling, heating, and power (CCHP) systems. With the objective of minimizing the life-cycle cost and
considering energy balance constraints, the orthogonal experiment method is employed to analyze the impacts of key
parameters-such as photovoltaic panel area and gas turbine capacity-on the system's economic efficiency and environmental
benefits. Additionally, regional adaptability differences among six typical cities (including Guangzhou and Wuhan) are compared.
The results indicate that: Photovoltaic panel area is a critical factor affecting both economic efficiency and carbon emission
reduction, while the impacts of other parameters on economy and carbon reduction exhibit regional characteristics. Chongqing and

Guangzhou show significant peak-valley differences in electricity prices, where the power supply cost of gas turbines is more
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economical during peak hours.There exists an optimal range for system equipment capacity configuration: the most economical

configurations are 1,000 m? (Guangzhou) or 1,500 m? (Chongqing) for photovoltaic panel area, 300 kWh for battery capacity, and

45 kW for gas turbine capacity; excessively large equipment capacity does not further reduce carbon emissions. Compared with

annual optimization, the system's hourly optimization strategy reduces the dynamic payback period by approximately 5.2% and

3.2%, and the dynamic payback period in Guangzhou is over 15% shorter than that in Chonggqing.
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period; Carbon emissions
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Fig.1 Structure diagram of low-carbon energy

integration system
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Fig.4 Impact of key factors on carbon emissions in different cities
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Period (DPP) for the multi-energy complementary system
across various vities
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