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Research on Variable Operating Condition Simulation and Operation
Optimization of Compressed Air Energy Storage System

LIU Chuanliang, ZHANG Tianbo, HAO Ning, CHEN Dong, LIU Jia
(Shanghai Power Equipment Research Institute Co. , Ltd. ,Shanghai 200240, China)

Abstract: Compressed air energy storage is a long-duration energy storage technology that solves the vola-
tility problem of renewable energy. It is of great significance to study the characteristics of variable operat-
ing conditions and the optimization of operation modes for the scientific regulation and control of com-
pressed air energy storage. A 10 MW compressed air energy storage system was taken as the research ob-
ject, a modular modeling method was used to establish simulation models of the energy storage process
and energy release process of the compressed air energy storage system based on Modelica language, and
the operation modes of the system under different working conditions were optimized based on the particle
swarm optimization algorithm. Results show that the established compressed air energy storage system
model can accurately simulate the operation processes of energy storage and energy release, and have good
results when applied to the optimization of operation strategies under different working conditions of the
system. The optimization of variable operating conditions can significantly reduce the power consumption
of energy storage and air consumption of energy release, and improve the round-trip efficiency of the sys-
tem. The study results can support the analysis of the characteristics of variable operating conditions and
the optimization of operation strategies of compressed air energy storage system.

Key words: compressed air energy storage; variable operating conditions; modeling and simulation; Mode-

lica; operation optimization
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Fig.1 Topology diagram of compressed air energy storage system
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Tab.1 Parameters of compressed air energy storage
equipment
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fift S B i J1 / MPa 10.0
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BPA D/ (kges™D) 24.41
fif PR/ °C 185
T EA B/ m? 30 000
FEHLI K /h 8
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A 2 IR B3 5 )/ MPa 6. 83
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Fig.2 Energy storage system model
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Tab.2 Simulation verification of energy storage model

under rated working conditions

ZH B [E=KIEN it 2
JEGEHL 1 30 E S 1. 00 bar 1. 00 bar 0
FE4EHL 1 #F O 25.00 C 25.00 C 0
JEAEAL 1 3k 0T 40.00 kg/s  39.63 kg/s —0.92%
JE4EHL 1 HE S 4.00 bar 3.97 bar  —0.85%
JE4EHL 1 O R 191. 14 C 189.96 C  —0.62%
ARV A% 1 KA BT &L 9.56 kg/s 9.47 kg/s —0.90%
K& 1 5.74 MW 5.64 MW —1.74%
KV 1 KB S Ak 9.61 kg/s 9.52 kg/s —0.92%
FE4EHL 2 30 H 3.70 bar 3.67 bar  —0.92%
FE4aHL 2 #F 0T 25.13 C 25.13 C 0
JEEHL 2 EJE S 14. 84 bar 14.71 bar  —0.90%
FEEHL 2 0 191. 66 C 191.69 C  0.02%
ARV A 2 KA T A 30 9.56 kg/s 9.47 kg/s —0.92%
KRG 2 ek 5.76 MW 5.71 MW —0.90%
KV 2 KB S 3 9.61 kg/s 9.52 kg/s —0.92%
JEGRPL 3 ¥R S 14. 50 bar 14.37 bar  —0.92%
JE4EHL 3 HE 1R 25.13 C 25.13 C 0
JE4EHL 3 H RS 59.75 bar 59.60 bar —0.25%
JEAEAL 3 R 195.58 C 196.56 C 0.50%
KV 3 KB i 3 A 9.55 kg/s 9.46 kg/s —0.94%
P RCE IR G 5.92 MW 5.91 MW —0.25%
IRV A 3 KN 5 Ak O A 9.61 kg/s 9.52 kg/s —0.92%
FE4EHL 4 30 E S 59. 45 bar 59.30 bar —0.25%
FE4 0L 4 #F 1R EE 25.13 C 25.13 C 0
FE4E Bl 4 3 0BT 40.00 kg/s  39.63 kg/s —0.92%
JE4EHL 4 RS 100. 20 bar ~ 100. 20 bar 0
JEAEAL 4 R 80.50 C 80.80 °C  0.37%
IRV i 4 KM BT S Ak 9.62 kg/s 9.54 kg/s —0.92%
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Tab.3 Simulation verification of energy release model under

rated working conditions

S Bt 15 ELAE s 2
ST 7.96 MPa 7.96 MPa 0
SR i 25.00 °C 25.00 °C 0

R R 24,41 kg/s  24.49 kg/s  0.34%
B 10K 77.09 bar 76.48 bar  —0.79%
EE1HOES 42.90 bar 42.97 bar 0.15%
P 1 HE R 184,97 °C 184.97 °C 0
P 1 R 124,26 °C 125.17 °C 0.73%

1 O 24.41 kg/s  24.49 kg/s  0.34%
JnEEs 1T I 5. 80 kg/s 5.82 kg/s  0.34%
g 1 T 3.95 MW 3.96 MW 0.34%
B2 0 K 42,90 bar 42.97 bar 0.15%
BE 2B OES 19. 05 bar 19. 11 bar 0.33%
B 2 3k 1R 124,26 C 126.10 C 1.48%
B2 R 52.97 C 54,64 °C 3.14%
TnAas 2 B A 5.78 kg/s 5.80 kg/s 0.32%
TS 2 TR 3.26 MW 3.23 MW —0.92%
BV 3HEOE T 18. 65 bar 18.71 bar  0.34%
BE3HOES 4.02 bar 4,03 bar 0.28%
7 3 E R B 184.97 C 184.97 °C 0
BT 3 R 36.69 C 36.65°C  —0.11%
Jn#es 3 B A 5.79 kg/s 5.81 kg/s 0.34%
Sy 3 ThE 3.66 MW 3.68 MW 0.37%
BV AFOET 3.62 bar 3.63 bar 0.31%
B A B OES 1. 00 bar 1.00 bar 0
B A HE R 184,97 °C 184.97 °C 0
B AR 54,59 C 54.32°C  —0.48%
Iy % 10.00 MW 10.00 MW 0

3.3 RGEETIRGEERSF
3.3.1 Ak BRER S

TEARBE RGO EAR A b BOE R IR O 25 °C,
WEE TR 0.1 MPa, BRI E 1 R 6.5 MPa, fiff
RS AL R T R B 4 HL 2 425 o 0 58 <00 3 O ot
TR ZARFFAE 40 kg/s, X7 LAY 1k ) B3 531k
AP LK SFHAT IR IR 4 R,
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Tab. 4 Simulation settings for energy storage process 33+
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Fig.4 Pressure change of storage tank during energy
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during energy storage process
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Tab.5 Simulation settings for energy release process
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Fig. 8 Pressure change of storage tank during energy release process
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Fig. 9 Mass change of air in storage tank during energy

release process
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Fig. 10 Temperature change of air in storage tank during energy

release process
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Fig. 11 Valve opening change during energy release process
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Fig. 12 Flow rate change of air during energy release process
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Tab. 6 Optimization algorithm settings
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Tab.7 Decision variable settings for energy storage model

Atk =% I UH(E e/ ME SN
JE4RHL 1 S TTEE/ () 0 —10 60
JE4RHL 2 FHTFEE/ () 0 —10 60
JE#HL 3 M IFEE/ () 0 —10 60

JEARAL 4 $53 / (rad=s™ D) 157.08 136. 50 167. 50
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5 B0R fif Dassl
FVF5 B IR B 1000
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Fig. 14  Optimization iteration of energy storage process under

10. 00 MPa storage pressure
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Tab. 8 Optimization results of energy storage process

WRER/ RN RN
10. 00 23.55 21.61 8.22
8.25 22.50 20.63 8. 34
7.00 21.73 19. 88 8.50
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10 MW 1 & H H) 38 20 o 55 AR AT R ek 24X
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Tab. 9 Decision variable settings for energy release model

{1t 28 W ME A
1 TF 1 0 1
WA 1 IR 0 0 1
WA 2 I 0 0 1

ANFVE S TR AR 25 5 an & 10 iR . H
TN TG 74 90 I e i T oM s 17,
HUL, Y3 RSI R T 7,96 MPa i, R AL T AL
iz 47 07 28, Ak s MR . i Y K E K AT
7.96 MPa B}, R 478 T80 38 47, 1l DL & 8RR kL
THESA L s o I 1D T 0 SR AR Ak 45 SR A8 T il PID
Pl g D R S W L L 700 MPa T35 1], £
o5 FEE A D 0. 63 ke/s  MLALHTRERCH 1 T 58
TRiAH 0,382 1 MW, 4k J5 B T e 1 1 & HL &
4 0.391 6 MW,

262+
2611
Y2601

259 -

0 10 20 %b 46 Sb (;O 76 80
AR AR
& 15 7.00 MPa J£ 77 F B g ad B fh 12 AR 1 e

Fig. 15 Optimization iteration of energy release process

under 7. 00 MPa pressure
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Tab. 10 Optimization results of energy release process

SRS/ ufeniie R/ AR/

MPa (kges™1 (kges™1 fLfescor 7
10. 00 24.407 60 24.407 10 0.002
8.25 24.407 60 24.407 10 0.002
8.00 24.407 60 24.407 11 0.002
7.75 24.678 10 24.665 50 0.051
7.50 25.302 10 24.965 50 1.330
7.25 25.308 60 25.257 30 0.203
7.00 26.170 60 25.538 30 2.416
6.75 26.387 70 25.927 70 1.743
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