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Abstract: Advanced adiabatic compressed air energy storage technology has broad application
prospects, as its life-cycle energy consumption and carbon dioxide emission research are of
guiding significance for promoting energy storage technology development and policy formulation.
A 10-MW advanced adiabatic compressed air energy storage system was the research object; a
life cycle assessment model of the compressed air energy storage system was established; a
life cycle inventory of each stage was conducted based on the actual unit, national standards,
and reference literature; and the life-cycle energy consumption and carbon emissions of the
system were analyzed. The research results showed that the life-cycle energy consumption
and the life-cycle carbon emissions per kilowatt-hour of electricity generation were 5.65 MJ
and 36.73 g, and the life-cycle net energy efficiency was 63.7%, from which energy
consumption and carbon emissions accounted for the largest proportions in the operation
phase, 99.2% and 90.5%, respectively; the heat storage, compression, and expansion
systems accounted for a significantly high proportion of carbon emissions. Sensitivity analysis
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showed that system operating efficiency, system life, and gas storage time are important
factors affecting life-cycle carbon emissions and that life-cycle energy consumption is more

sensitive to system operation efficiency.

Key words: compressed air energy; life cycle assessment; environmental impact; carbon

emission
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Fig. 1 Life cycle assessment process framework
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Fig. 2 Schematic diagram of advanced compressed air energy storage
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Table 1 System main parameters of advanced CAES
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Fig. 3 System boundary of compressed air energy storage
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Table 2 Material consumption and energy
consumption of equipment production stage
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consumption of plant construction stage
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Fig. 4 Energy consumption of different stages
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Fig. 5 Energy consumption component composition of per kilowatt hour electricity
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Fig. 6 Life cycle greenhouse gas emissions of
different stages

9.51%, HPEHTR%. WK T RGN T R
gt 1) S AR HERCE: & EE 43R 2.58% 1.99% Al
2.52%.

IEAk, 9 AT AR 5T S 3 CAES R4 A4 i i
WIBRHE S R, s ATk R ok BB R L K
REAEAF I REREAT IS, 10 MW St it CAES &
S it RS URAS [R] B (1) A= o Jo) 300 B P — SR A e A
K8 f7~. 10 MW itk CAES R GiE X i Fii it
100 A= i R S HE 8043 3l R 125.50 g R
1988.37 g, LU R KR AE i B R 5 115 50 15 -
KEBF AR R KR BB X
Bhn, Jeit CAES R4l ariids, ARy FH Bk
HE E R TS TH B, TR i A7 1 L RE SR DR
KA, BARAF=. did J PR 7 Ak B M B Bk
HOAAR, R GeI Ae i JE AR HE ik 4 R AR AR SRR
Ko [FIBSATLAE H, 3 it 8 FELh AR B By >R 1Bk
HEBH A -

4  FRM ST

BRURAE 23 T A2 VAl 9F 7 Hh A R AN o P Il R
— M RGN TR VG GRS R BE R A AR
of 4 2 i JE A RERE S AR R, AR AT
EBRRGIBITHR. R HM KR IX 34K
FATURNE AT
41 BRETITHE

B Jeilt CAES RGUE TR MR, REM
JE HLREE S 2 4T I R TP 1 B B S k>, Bz
FTR0CR BRI R AERE RS HIZ 1T B, 1 EH A
SCO TR RS AT MY Be DTk 7 32 B REREAN S LR
WHE . B9 N R G RCERX S CAES R4 4 A
JE HREAE B — S AL HE R R, I R R AR
W, REMCREIRE 1%, 444 W A AE 4
fi£.0.0919 MJ, 44 iy J& A i Wl — A AL B HE B0k /b
0.57 g. "I, RGUEITHCRLELIN ARG AEFEM
SAALBRHE 1 BRI K
42 HRGgEDm

X R GG ReF AR KU, $Em RE A mxt T
REHMARLEKR, 1MRG TR HE N4
Az iy FE T REHRE S SRR R R R . N T
T REFEAN SRR R, ORI
HEARA, XML W TAEHar, BUSHES i
SZRME 10, RGFmEEn1aE, HHbE
Jk/>0.001 MJ, % B SRR RSB /D £ 0.089 g
LTI, REH a2 R4 AR <
HRE.

E7 FEBZSHERaN
Fig. 7 Greenhouse gas emission component composition of per kilowatt hour electricity
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Fig. 8 Gas emission of per kilowatt hour
electricity for advanced CAES systems with
different power sources greenhouse
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Fig. 9 Impact of system efficiency on life cycle
performance
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Fig. 10 Impact of system life on life cycle
performance
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Fig. 11 Impact of discharging time on life cycle
performance
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