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Research on integrated power generation system of
“solar, coal-fired power and energy storage”
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2. Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: An integrated power generation system combined with a parabolic trough solar system, a compressed air
energy storage (CAES) system, and a thermal power plant is proposed to achieve the goal of “carbon neutralization”
in 2060, and utilize solar energy and energy storage technology based on coal-fired power plant (CFPP). This system
can overcome the disadvantage of extracting heat from the thermal power plant during the discharge process of
CAES when coupling with CFPP and makes full use of the heat produced by the parabolic trough solar system to
improve the utilization of renewable energy and reduce the coal consumption. The thermal performance and coal-
saving effect of this system under 100% load operation condition of the thermal power plant are analyzed by
EBSILON software. The results show that compared with the conventional CFPP system, the average heat
consumption of the integrated system with scheme 2 reduces by 33.5 kJ/(kW h), and the average standard coal
consumption rate decreases by 1.30 g/(kW ). The CAES system of the integrated power generation system with
scheme 2 can achieve 68.81% productivity, 16.49% higher than that of the advanced adiabatic compressed air energy
storage (AA-CAES) system. The calculating results of the exergy loss of each component reveal that the No.5~8
heat exchanger in the CAES system has a higher energy-saving potential. The annual electricity sales profit of the
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integrated power generation system is up to 10.454 9 million yuan according to the peak and off-peak electricity

usage times and rates of a city implemented in 2019.

Key words: solar energy; renewable energy; coal-fired power generation; heat storage device; compressed air

energy storage
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Fig.1 Schematic diagram of the coupling system with scheme 1
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Fig.2 Schematic diagram of the coupling system with scheme 2
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Tab.1 Simulation results of design parameters of a 350 MW
coal fired unit

TH JERIEZ THA Lol
WA BHLAER RE%
KAL) ZEIMW 350 350 0
F 7&K S1/MPa 16.67 16.67 0
P #FRIRE S1/MPa 3216 322 0
FEZI(KI (KW hy?) 7.865.10 7.822.20 0.55
FRERRRE/(h?) 1045.29 1037.21 0.77
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Tab.2 Design parameters of each component in energy
storage stage

@)

BH HAAR Y

1 2 3 4
FEAENUESR L 4100  3.464 3.331 2.298
HESE J1IMPa 0414  1.365 4480  10.250
A FER/(hY) 57.24  57.24 57.24 57.24
AR BKR/(th ) 13.75
BT EIC 24.85
AR HER TR BR/MPa 10
T AREA M3 5225
SAE 0.287
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Tab.3 Design parameters of the expander and gas tank in
energy release stage

5iH B B
1 2 3 4

NEREATURZ K L 2.92 2.89 2.85 2.82
HeSE /1/MPa 2400 0830 0290 0.101
FRME/(hY) 1059 1059 1059  105.9
A LA AR R 0.88 0.88 0.88 0.88
TR HLN 11 2= SR C 100

i HERE AR SR 5E/MPa 7
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Tab.4 Design parameters of the of gas tank
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ok, BLFEHERR TR R Sk R I A A A
i, BEHGIRRLR.

2.4 TR HEHRR

Ok K H RGP 2 RERE A R %
e RSl AU HFER . KR RS
FabRAKIFEAT VPN

1) #HAeFE

PFERRRHAR R E 1 KW h HERTEFEDR
o, RN
o = Dy xHg+D,xH, -D, xH,

Pyria

K qo WPFEZR, KI(KW h); Dgs. Dyrv Dgr NZETK
. R AR, kalss Hgss Har
Hor AZ7KEEIE . BRI HERJE Y, kikg.

2) AR R BBEAER

Pt R B AREFE R B TR A N

BO
bszw (4)

e bs AbRHER HIEFEZR, /(KW h); Bo AkrifE
BFER, g0 WOANLAHSERR R HE, KW h.

3) M E

R R RGP IR, RN A
AL R SRR R KA R ARN:

EX,out
M. = a (5)
A pex NIHRCE; Exon NG, HIEFRGH
FWUREZ A, MW; Exin NEAH, BIEANRS
& DU E 2 A, MW,

X R G S FEA AT AR R A A o ANy, 328

AR A L 5.

®)

*5 ARFTEHMHIHERHELR
Tab.5 Calculation formula of exergy efficiency for major
devices of the system
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e S RS B — ik R kA,
T6; Ko REHEL 3R, To/I(KW h): Win AEZEHLFEDS,
MW; Ti fi BRI, h Ko A 2R, J0/(KW h);
Wou ot FRIIZE, MW; T NI E], h.
3R
3.1 A NFH

X 350 MW BRIEALHAERIEZ: THA TOLHIPE
REREATPRAL, 8L R

1) CAES fitiReMT B o fitt E M B HEMAN A B
ZAE, BEREMT BON IR T

2) L1 R LA, RS ECaR : H )
TR FRAGERE 8 hy BHBERE 2.1 h; AR
HIREIET, RN RARFR I, F 5
FEfit 2.1h, CAES RENHRENRERE CIMEARD,
KFHAE RSt 11.8 h,

ARG HEREEHE WK 6.

EfEREEFEH, CAES REUHAE 9.62 MW H
71, tERENTE] Y 8 ho CAES £ Gt fith Bl AL U 4
BRI K, K tg AR G M AGE
FEILLEIRIENLALRIE K. R, R LA
RORBIFEEE, g ERAERREI: CFPP+
CAES R4 IEFERIEC 1.44 g/(kW h), T7% 1.
T7 % 2 KIRFEZR PR 2.65 g/(KW h).

Bered iy, w7 4 10.03 MW I3, CFPP
AL N 322.54 g/(KW h). HIT-RABEE T (VS ML
VAR A PIE NS, CFPP+CAES. 74 1 JHFE
AR, 7309 324.69. 323.73g/(kW h); T 2 R
FIORPHBE RO, JEFERIE(CH] 321.62 g/(KW h).
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Tab.6 Thermal performance of the system

TiH CFPP CFPP+CAES FHE1 ik
KAL) B e 100%7 fif
— R SR B FRIMW 340.38
FrifE R HLEFE R (9 (KW h)Y) 32254 321.09 319.89 319.89
CAES RZif#fE HUARAFER/(KI (KW h)7) 7 838.86 7804.98 7775.66 7 775.66
CAES #4540 Mhrlislkg — 3761.14 6 895.43 6 895.43
CAES HIfLIIFE/MW — 9.62 9.62 9.62
75 HLI CAES i NIHZ/(MW h) — 76.98 76.98 76.98
KAL) B e 100%7 fif
— R SR B FRIMW 360.03
FrifE R HLEFE R (9 (KW h)Y) 32254 324.69 323.72 321.62
CAES RZiRHE HUARAFERI(KI (KW h)7) 7 838.86 7892.38 7 868.84 7817.68
CAES R4t FEMbr i E/kg — 2928.99 1612.59 —1308.17
CAES HIfLIIFE/MW — 10.03 10.03 10.03
TR CAES 41t I Z /(MW h) — 4211 42.11 4211
KE ] A fif 100% 1 1
CAES RATHARE, ';ﬁ\ﬂ?%?ﬁ?yﬁlﬂﬂJﬁlMW 350
S BB 2 G FRAE R HUEEE ) (g (KW h) 1) 322.54 322.54 321.81 321.81
HUHAFEZRI(KI (KW h)1) 7.838.86 7838.86 7821.11 7821.11
REE= ) CEN O] 0.00 0.00 2 866.30 2 866.30
CAES RGN FEM /(MW h) — 34.88 34.88 34.88
[E— 1 %*ﬁﬁg{kg — 832.15 8149.14 11 069.91
P PFERI(KI (KW h) 1) 7.838.86 7836.93 7814.31 7 805.36
P8 R HUBERE ) (g (KW h) ) 322.54 322.44 321.51 321.14

4 NE BT EST . I 4 ATLLE
TERERERT BL, CFPP+CAES R4 1K 3.761, 77 1.
F% 2 FEMMAKBHBEM ARG T 6.90 t; TERERE
B, CFPP+CAES R4 ZIHAE 2.93t 1, &K1 £
VHAE 161U, R 2 1.31t, XEAHTHE?2
1) CAES RAREREI A I KM =452 18
AEARENEL, HE L. R 2 ST RSB
PRIGEHLZE, T8 2.87t, CFPP+CAES R4k 4 T
CFPP R4 IEHIZAT .

-QF;P+CAES
_ . i %1
SRECRoS [ PETI

A it A FE

B

B4 EMBETIHEEXTLL
Fig.4 Comparison of coal saving in each stage
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TEhL) 8.15t, %K 2 TEMEL 11.07t. itk
A, FEIMAKBRRE R GG, TR E RN, By
F2TEERITSR 2 1 1.36 fi.

sehrizgfridfEd, LT CFPP, CFPP+CAES %
G FIIRFER R % T 1.93 kII(KW h) (5,

7840

7820

7800

7780

S HGEE AT (KW h) )

7760

CFPP CFPP+CAES 7%l TR
B 5 FRIRGFFHHRIFER
Fig.5 The average heat rates of different systems
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33.5 k(KW ), =2 J5 [RI2: R K BH AE S #vs Bk
257K, FRTF THUHIECR, 7% 2 HFER IR Z .

[Fj#, CFPP+CAES &%t H%E 1. T E 21
BIFRHE A2 A P AR, Horh 7 2 2 AR 2 o
K, ¥ CFPP+CAES R4t FF# 1 1.30 g/(KW h), 1K
T 54k CFPP (& 6).

3231

PR HE BERE S (g (kW-h) D

320
CFPP CFPP+CAES J %1 Wi &2

Bl 6 [ERGEFIRERFER
Fig.6 The average standard coal consumption rates for
power generation in different systems

3.2 CAES RGBS

HOH % 1 A0, B 74 H T CFPP+CAES R4t
CAES ] = ZLg 2 A . S A k. B A
RFEELEHL, B ARRZKHL, C REHMLE. T
AN CAES, EERNHH AHERE, fEREP B
76.96 MW h [FJFLRE, BERERT B H 42.13 MW h 1
HEE. £S5 KHBEEMBAE, BN T 5k Eyan
WA E, fERERT KR MEARHL A 2R 2= SR i
18.58 MW hf{H, BERERS WIRAEHLEEAT TR, Fanik
17.14 MW hJRE 22 S H .

E=1.48 E=1.33 E=130 E=0.93

18.58
2.16

17,14 E£=1.94 | E=215|E=2.04| E=1.96| £ _3 46

o
> |
0.66

Bl B2 :!Bz B4 42.12

E=1.45 E=130 E=1.49 E=1.45 E=0.61

7 CFPP+CAES 84 R ScissefEAeid 32 CAES 1
MEIRE (MW h)

Fig.7 Diagram of exergy loss in the process of energy
storage and release of CAES in the CFPP+CAES (MW h)
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7 AT, R LA I I R AR
10.18 MW h, 7£ CAES G k. AT B B
Mt CAES RS 15 e AL, K R AT
EEFOR, WK 8 fin. HE 8 mTUEH: 3RS
PIEAEN L AKRHUHBUR Z RN TR L RITZ 2
MR ICHIE, 1E/NT AA-CAES R4:; #i& R4E
ANV KL 25 53 0] 5,032, 5.683 MW h;
HELHRE 2 1—4 SHMBEBRKL AN
151 MW h, #; AA-CAES Z4; 1—4 Sifdtas bk

(2.99 MW h) [&{IK T 49.39%; AA-CAES Z%iHH)
5—8 HiBe s N 2025 MW h, TTE 1. JTE 2
) 5—8 HAEFIH 370 23.49. 12.66 MW h.

.
[ BB AA-CAES

(3
- 5 R2

WM Pl 1—45Hads 5858l

8 3NMERELGH CAES RFEIREMFMIRK T L
Fig.8 Comparison of exergy loss of specific component in
CAES between three systems

K9 4 3 R5i % CAES KRG AR HHRR
XFEE.

J 4 bl

_ [ AA-CAES A: 4L
M s A B KA
j?:? 2o _ C: it s
0.8 ol Ml il ol W]
#
£
0.6H
0.

4
Al A2 A3 A4 Bl B2 B3 B4 C1 C2C3 C4C5C6 C7C8

E 9 3 MNAZrh CAES EREMEMIIE XS tE
Fig.9 Comparison of exergy efficiency of each component in
CAES system of three systems

HE 9 rLAE i FRAENIHIRCRALE 0.93 A4q,
IR WL R AE 0.88 /o 47; 5—8 SHa & 1.
T 2MRFE /35N 80.46%. 80.38%. 81.00%-
81.37% 1 89.21%. 89.23%. 89.85%. 90.22%,
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— AR RS IT 63

5—8 SR TR 2MMER TR 1 A Tk
10%. HABAMERE TR T, EEEHT
e AR ZE A F LA B ISR AP I 22, 3% 130
CAES R4+ 15 Rels /IR & 5—8 Sz, nf
AR X A A AR HA0 K (1) 7 VR 3 i R

AA-CAES ZGHRH K 52.32%, I RECK;
T LR RGeS AL s 20 K LA I E T2k
HINLZE G B R4 2 S 53, AT B e 1 IR
¥E, CAES RGMHMZEIAF] 66.02%; J75 2 FK
FHREACES T KL, HHRCEIRT 3 68.81%.
3.3 &N

DAFETT 2019 RIS AT GBS LI (R 7D
2%, Rk “HKRME” — RS F AT A%

332 Rit#, Hifigfe 2656h, FhE 1394h.
11T 83 K, HEARAkHL 8h, ERBCRMIERE, H
s L P v 826.81 Jivt. REGuEEREEH 4.2h,
H LT 10 MW 5

CAES REUBEREFTALIT [RIFERIEHL M. U B FlL
ek T BRI TR B . iS5, 783 “Oekh”
— Ak R G FUA A

MBI S (FER ZEDRIGEHRMIE, HAR
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Tab.7 The time of use electricity price standard of peak valley in a city in 2019
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