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Energy Flow Analysis and Process Research on a Coupled Utilization
System for Pressure Energy and Solar Energy in Gas Stations
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Abstract: Urban gas pressure regulation stations possess abundant pressure energy and solar energy resources. Their
efficient utilization is conducive to achieving zero carbon emissions from gas stations. However, during the planning
and construction of coupled utilization systems for natural gas pressure energy and solar energy, challenges often arise,
including complex system configurations, variable schemes, and a lack of guidance from a theoretical framework. The
industry also lacks consensus on the applicable scenarios for different system combinations. By analyzing the energy
flow of coupled utilization systems for natural gas pressure energy and solar energy, this study categorized the systems
into two main types, namely power-dominated systems and cooling energy-dominated systems, based on the dominant
energy type, electricity utilization method, and cooling energy consumption/utilization method. These were further
divided into five subcategories: grid-connected power systems, grid-fed power systems, self-consumption power-
cooling systems, comprehensive external cooling-power delivery systems, and external cooling-only delivery systems.
The study analyzed the characteristics and applicable scenarios of different systems and proposed that grid-connected
power systems and self-consumption power-cooling systems, being less affected by policies and surrounding market
factors, represent the main future development directions. The findings of this study lay a solid theoretical foundation
for the development and utilization of pressure energy and solar energy at gas stations.
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