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Abstract: To comprehensively evaluate the overall environmental performance of adiabatic compressed
air energy storage ( A-CAES) technology under dynamic grid structure scenarios from a full lifecycle
perspective of construction-operation-maintenance, an A-CAES system tailored to gypsum mine caverns
in China is developed. By coupling the A-CAES process system with an environmentally extended input-
output framework, an integrated hybrid life-cycle assessment (LLCA) model is constructed.

Specifically, the process-based layer is used to finely characterize the technical details and direct
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environmental impacts of the core A-CAES units, while the input-output layer is employed to
track the indirect environmental pressures embodied in upstream raw materials, equipment
manufacturing, energy supply, and infrastructure construction. The results indicate that the
electricity consumption for energy storage during the system operation phase is the dominant
factor, contributing over 90% to the environmental impacts; the thermal energy storage device
using phase change materials and the construction process of system infrastructure also have
significant impacts. Across the grid structure scenarios for 2010, 2030, and 2050, driven by the
increasing share of renewable energy power generation, most of the environmental impacts
generated by the energy storage system show a downward trend, with the exception of ionizing
radiation impacts, which increase due to a higher proportion of nuclear power. However, per unit
of electricity generated, the Chinese system demonstrates lower impacts regarding fossil fuel and

water consumption. This study can provide a scientific basis from the full lifecycle perspective for

the low-carbon design and planning of A-CAES technology.
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Fig. 1 Schematic diagram of the A-CAES system
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Fig. 2 Schematic arrangement of phase change materials

in the thermal energy storage unit
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Table 4 Foreground contribution ratio in the prospect matrix of A-CAES with 4PCMs

PRI B UMK L/ %

2 &V g ik B HoAth 1 152 gt i< ZiEH  EE S

ALO 0. 032 0.023 0.199 0. 926 0.023 0. 009 98. 789
cC 0.015 0.011 0.187 0. 894 0. 008 0.015 98. 870
FD 0.018 0.013 0.235 1. 821 0. 006 0. 020 97. 888
FE 0.077 0. 054 0. 343 0.528 0.010 0.007 98. 981
HT 0. 040 0.028 0.491 0. 448 0. 008 0. 007 98.979
IR 0. 006 0. 004 0.037 0. 236 0. 002 0. 005 99. 710
ME 0. 009 0. 006 0. 050 0.224 0. 002 0. 004 99. 704

NLT 0. 005 0. 004 0. 036 0.214 0. 002 0. 004 99.735
WD 3.702 2. 604 4. 609 4.116 0.434 0.042 84. 493
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Fig. 7 Impacts and PM particles emission in 2010, 2030, and 2050
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Fig. 8 Impact comparison of A-CAES system manufactured and constructed between Belgium and China
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Fig. 9 Materials. process. and product contribution towards the main impacts
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