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Performance analysis of peak load balancing for compressed air energy storage
assisted solar power station
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2.School of Electric Power and Architecture, Shanxi University, Taiyuan 030006, China)

Abstract: In order to effectively improve the energy efficiency and operational flexibility of solar power generation,
an integrated system coupling solar photovoltaic, solar thermal and compressed air energy storage is proposed.
During the day, the compressed air energy storage system will store the photovoltaic abandoned power, and transfer
the compression heat to the photothermal power station. At night, the compressed air energy storage system releases
air and uses water supply of the photothermal power station to heat up, thereby increasing the power generation
load of the unit. Based on the system simulation, the coupling scheme is analyzed thermodynamically and
economically. The overall generation efficiency of the coupled system is 41.24%, while the overall exergy efficiency
is 66.79%. The round-trip efficiency of the compressed air energy storage system is 72.14%, while the exergy
efficiency of the compressed air system is 84.30%, both of which have increased significantly. The peaking depth
of the coupled system is 7.02% in the daytime and 19.69% in the evening. In addition, the dynamic recovery cycle
of the coupling scheme is 3.10 years, and the net present value is 41.350 6 million yuan.
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Fig.1 Schematic diagram of the case photovoltaic unit

* 1 ZHIRANERRSE
Tab.1 Basic parameters of the case photothermal unit

T H EPN B
JE SRR R (kg s7Y) 286.09 143.04
£ /7IMPa 14.00 14.00
TR iREEIC 540.60 540.60
i a/(kg s7Y) 40.85 20.43
£ /7IMPa 2.75 2.75
FHZER iEIC 540.60 540.60
(kg s7Y) 36.41 18.21
£ /7IMPa 0.01 0.01
HER WwREIC 45.80 45.80
R E/(kg s Y) 28.00 14.00
BIhEIMW 50.00 25.00
JeRZE 1 UIERIMW 45.30 22.65
R HERI% 38.61 38.61

x2 ZOEBNAERARZESH  HA: C
Tab.2 Parameters of reheating system of the case
photothermal unit

o Eiliba SKIgEEE K
w NCUHRE HOHREE OADEE
1SR mng: 385.9 261.4 230.8 237.8
2 5 AR 320.6 232.0 187.8 2303
R A 399.2 179.9 146.2 179.9
3 SRR AR 302.1 147.9 111.7 146.2
4 SRR AR 189.0 111.4 779 109.7
5 SRR HER 80.3 75.9 459 74.2
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Tab.3 Basic design parameters of the compressed air energy storage system
TiH 1% 2 8 39 4 K TiH 198 298 3498 49H
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FEZEHLH FE /1/MPa 0.41 1.39 4.50 10.02 3% 1 77/MPa 2.34 0.82 0.29 0.10
TREER /(DY) 52.60 52.60 52.60 52.60 AR ERE/(thY) 10520 10520 10520  105.20
TR %% 90 90 90 90 B TEER % 88 88 88 88
JEAFHLH R BE/C 187.0 195.0 190.0 141.0 &3t PR C 120.0 120.0 120.0 120.0
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Fig.3 Schematic diagram of the photothermal unit coupled with compressed air energy storage system
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Tab.4 The model validation results

T &G TiH BHEES R W
J& B IR R (kg s7Y) 281.51 286.09  -1.63%
;}?Z i TR IMW 45.30 4530 0
RGRFEI% 39.23 38.61 1.58%
RGN TIZIMW 7.78 7.822 -0.54%
C; ZES ARGk DFRIMW 10.00 10.07 -0.70%
- TEIR R % 64.27 63.92 0.54%
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Tab.5 Investment cost estimation for main equipment of the CAES system
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Tab.6 Energy analysis results of the primary system
and the coupling system

NT S0 & KGR REEEZIER, K4
SHTHERGNRERE. HE 4 TUED,
G ARG Re AR RE R R, (REFHLAAE AR ARG
I} B R I N R B AE T o DRV R R A
41.24%, FHECER RO HAIHTR S 2.64 B 70 A
4 SR R G MEIR RN 72.14%, LEH
CAES HUAHACRIE R 7.79 H 40 . eI fEH, JE
i SORCHWA LK R Het 17 7.532 MW )
g, WM E R EERR S T 1L.31MW, BRgid
T, oK R G R4 e Sk R R GuHN% 6.12 MW (1)
o, IR R4E S SR RGN 6.07 MW 1L,
ARG MELRERS T 446 MW. 78 1 MEHE
TR, JE 402 S 6E R 4072 it e i AR b Tl 7 ik
8 MW e RFT L, # & RGUAENE RE R eI AR b
% 5.77 MW (1.31 MW+4.46 MW) {IHLAE.

3.2 AIEMERES R

5 FE%  BAR%
SR s ThFIMW 50.00 42.00 RTAHTHE RGNS TSR, #
FEHHALE K I RIMW 45.30 46.61 ARG MRIEET N IRERE R ECREHEN
A% CAES i A Zh%/MW 7.78 8.00 AR 3 H DL i N B 3 R G2 1) R 4 B i 51k
fiffER wl/h 8.00 8.00 TR AL B R TR, Bl RIAIEZS &
CAES A LIV 1 G20 600y 6.69MW. Mo RARAEI RN AN A
RRIAPRBIEMY 2265 70 AL Sk R o0\ HE % K i e T
| CAES BB 00080 3 ANE TR R DL HLALE S e
FRAERTE 1o 80 PSR O HLALA R D) A A B, I iU
CAESWIMERIMWA) 000 8% g5 MW, A FRR RE R IR 45
pig  CHEERIRRBACK o0 A 7.02%#1 19.69%. HILA I, JBIHEA ARG
iR caes RAIRAHN 0435 T2 T B AR S T B

mr REER oehmr ReRsE BERBRE HE

0.13 MW 073 MW 0.10 MW 0.52MW  72.13MW  4.84 MW

(0.11%) (0.62%) (0.09%) (0.44%) (61.51%)  (4.13%)

T
117.27 MW
(100%)

SR Lk T R
42.00 MW
(35.81%)

(6.82%)
A E

0.35 MW(0.3%) (—6.82%)

338 25 K IF) g Ak
7.53 MW(6.42%)
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BLEEL I R it 2h 3
4.61 MW(39.75%)
+1.31 MW

it BE0.66 MW (0.56%)

A

P
I

JE 245 1L B 580 4 285 433 K
=~ 0.16 MW(0.14%)
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B oG A
58.63 MW il £k %
(100%) B L4l

25 7K A% 8 11 it i
6.12 MW (10.43%)

LA i 2h %
21.04 MW

R Y5 A R
Rt S R (35.90%)

27.11 MW (46.24%)
+4.46 MW

H H L AE6.07 MW (10.34%)
'y

75 o i

0.33 MW(0.56%)

v

BT BB
0.07 MW(0.12%)
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Fig.4 Energy flow diagram of energy storage and release process of the coupled system
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Tab.7 Analysis results of peak regulation performance of
the coupling system

HiH A
JR RGO i Th &R IMW 50.00
JR RGP K HL i DR IMW 45.30
R SAERE RS (R MW 8.00
& RGu it AL B HGS H Th R IMW 46.61
FE45 78 SN RE R Gu% H T IMW 6.07
& RGUREREIT B H Th = IMW 21.04
FIR g 2= /MW 6.69
e L 4 25 F /MW 4.46
F R RV IR % 7.02
Wb EER B2 /% 19.69

33 Mot
K 8 NG RGUBARIIRCE T . R ARG
REN 63.69%, WA RGUBMMIBEEN 66.79%, #i
A RGUBIRCR AW T T 3.10 H 4 A
% 8 A REBIEPMEN T

Tab.8 Exergy efficiency analysis for the coupled system

i H EACE
8 £ (MW ) 35.56
] SR /(MW h) 22.65
i R Ge e LA S MW ) 25.56
TR 1% 63.69
K AR N (MW ) 35.56
2SI N (MW ) 5.02
FE4E 2SS A RE I H/ (MW h) 6.07
W& RS SR LR H/(MW h) 21.04
SR /(MW h) 27.11
SN (MW h) 40.59
TR 1% 66.79
AR R AR THE 3.10 H 4

N T HERIES S SR RS IPEREIR T T 1A,
RGEMANERME I PR, BISEHT RGNS
HAERR R . WNE I ITLLEH, REMMRCER
N 84.30%, [FIRf RGENFEE 15.70% M K. H
KI5 mIH, FER4E T SRR RGBT, R
FIMsi R R, 1IEET 3.12 MW h, Z415 RS
AR 1 19.80%, X A2 HH TR R 8 R ROK .
Ak, 1S RAENUR 3 5P B R K. X
FHT 1SR R R TR, FIHERA K
RS RGBT AR IER T, AHET Al 464
M, HAEZEEKR, FMEBREERLA; 35
375 ST R A7 R DR T o AL DRy JHG g2 i T AR 3 T FE AR I T
KUK T LA, ST EIBRIEK.
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Tab.9 Exergy analysis for the compressed air energy
storage system

TiH JAELRR /(MW h) i /%
GETPNEQ WD) 64.00 63.76
PN (50 0.12 0.12
G ETPNECV®) 36.26 36.12
SYULTIN 100.38 100.00
P (250 0.11
Mg 48.56 48.38
M (B7K0 35.95 35.82
S 84.62 84.30
FE4 SR T R RRI% 67.67
HRERI% 84.30
P 2EI% 15.70
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Fig.5 Exergy loss of compressed air storage components in
the coupling system
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Kl 6 NG RAHUE M BEAAL T RAS . 3 1012325
S TS RRETHE T AL S . EREFRERE
TEFER EAR IR H R (1) 7 i FELAN S,

167.04)3 76 (9.55%)
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- JE 45 Bl
555.285 7t (31.73%) | BRI
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18.627j 7t (1.06%)
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Fig.6 Retrofit investment costs of the coupling system
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Tab.10 Basic data of economic analysis

T H Hll
P42 R G Y KR 2
BATHR/a 25
HEIZATIN [)/d 300
T 21% 12
TSR AT AT U S | % 6
fEBET IR AT (09:00—17:00) /(7T {KW h)1) 0.314
BAE A f M (07:00—09:00, 18:00—24:00) /(G (kW h)™1)  0.895

MEREATHAEA I R0E 11 Pron. ATEL
i, BEREM LSRN 1751.16 JioG, #i
PR G S W I AT 4EY 3 D 105.07 3T, R
THAE A BE RS VR N AR ERBE AR B AT, [
AN 105.07 J5 76, IR B R IR

1029.91 figt, FRLL, ZRGEFF 3RS 924.84 Jiot
S FNE . ARG RGN BN AT BT RO A 0
185351y 8.69 4EH1 1450.63 J 0. iHEAGH, &
ARG B RIOH AN S ILE 4 58 3.10 EA
4 134.06 Ji7C. 1IXEW, #ERGAABRIFNETT
LG

%1 ERTSEERREFENTER

Tab.11 Economical analysis results of the compressed air
energy storage system
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5 Kl
W& RS MG RS

JoXst s =N YT 1751.16 1718.95
EIBATYUEY AT T 105.07 103.13
RSB TT TG 0 589.47
R RARI T G 105.07 692.60
RN IG 1029.91 1081.30
SRR TG 924.84 388.70
BNAS RIS Hila 3.10 8.69
HIUATT 6 4134.06 1450.63
445 i

KRICHH T R4i s SR R A 5 0ei kR
HALHR G TR, UEYOERF R, HiRE A%
(IR RE R AR . SR RE R I PERE
NS ST RN BRI A 7 VAR BT I R Gk
REREAT 1 VPAL, RAWT AR .

D ReESTEREH, MG RAMOLHESE
REBEN 41.24%, FELHR-—Je#ok LA TE =
264 A EHTSRMERAANFERBERN
72.14%, HLZB] CAES ML RCESE S 7.79%.

2) e BRI, 482 S AERE R G RL
2 84.30%, H AT KR AR O S KRR A, A
REZRGIABCRN . WA, o THRE RS
BARIRRE, LA BRI FE I, M 63.69%4E T
$ 66.79%, 2Tt 7 3.10 H4r Ao

3) HEPERE TR, £ E RO EL, R4
IR ZS BN 6.69 MW, THIEVRE N 7.02%; B
TGN B, RGEMRIEREH 4.46 MW, TRIER
%N 19.69%.

) KRG T BT T AV T, BHIZ RS
H & 0 1751.16 Jiot, shASH# BRSO AI
HIAE 2> )9 3.10 4E 1 4 134.06 i oG, KHiZAYE
BABUF A TR . A SCBLAU G H s I R 78 7
FRER) 1 A &I (A B R PH SR RE SR, . 2R PR
IR ST RGe =R s, R RO EHE
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