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Abstract: Coupled with the energy storage system can improve the peak shaving capacity of the thermal power
unit. To improve the thermoelectric decoupling ability of the combined heat and power unit, a coupled thermal
power plant combined heat and power unit with liquid carbon dioxide energy storage system is proposed. The
system utilizes the condensate to recover the compression heat of the carbon dioxide during the charge process, and
supplies heat to the users together with the heating extraction steam. Besides, the heating extraction steam is
employed to preheat the carbon dioxide of the expander inlet during the discharge process. Based on the established
thermodynamic models, the thermal performance analysis of the coupled system was carried out with the thermal
efficiency, exergy efficiency, and electricity storage efficiency as assessment criteria. The sensitivity analysis results
indicate that increasing both the expander inlet temperature and the discharge pressure can obtain a higher system
exergy efficiency and electricity storage efficiency; increasing the charge pressure results in a higher system thermal
efficiency, while the exergy efficiency first increases and then decreases. The parameter optimization of the
corresponding CO; energy storage system was carried out under the design parameters. Results show that when the
charge pressure is 10.5 MPa and the discharge pressure is 18.0 MPa, the coupled system achieves the optimal
efficiency of 64.92%.
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Fig.1 Schematic diagram of the coupled system of cogeneration unit and LCES
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Fig.2 LCES system workflow diagram in the literature[24]

1 RIFTEE LCES RAIERIT B E 5 SUHk[24] B L 4s
Tab.1 Comparison results between the calculated values and literature [24] values of the LCES model

s I EIC ViiE/ (kg )
SCHRE iHHEAE MRS R 2% SCHRE THHAE AHRT IR 2%
1 —40.12 —40.12 0 83.81 84.05 0.29
2 19.37 19.37 0 83.81 84.05 0.29
3 151.10 151.10 0 83.81 84.05 0.29
4 35.00 35.00 0 83.81 84.05 0.29
5 174.94 174.94 0 83.81 84.05 0.29
6 35.00 35.00 0 83.81 84.05 0.29
7 30.00 30.00 0 83.81 84.05 0.29
8 30.00 30.00 0 83.81 84.05 0.29
9 31.88 31.88 0 83.81 84.05 0.29
10 147.03 146.35 —0.46 83.81 84.05 0.29
11 39.85 39.32 -1.33 83.81 84.05 0.29
12 129.70 129.41 -0.22 83.81 84.05 0.29
13 35.82 35.55 —0.75 83.81 84.05 0.29
14 25.00 25.00 0 83.81 84.05 0.29
15 —35.12 —35.12 0 83.81 84.05 0.29
16 20.00 20.00 0 64.04 64.22 0.28
17 156.77 156.44 -0.21 43.04 43.14 0.23
18 146.08 145.60 -0.33 21.00 21.08 0.38
19 153.27 152.89 -0.25 64.04 64.22 0.28
20 153.27 152.89 —0.25 64.04 64.22 0.28
21 44.85 44.32 -1.18 21.00 21.08 0.38
22 36.93 37.38 1.22 43.04 43.14 0.23
23 39.53 39.66 0.33 64.04 64.22 0.28
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XRG4y g f e SCAET:
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kJ/kg.

ST HLAL) MTBE S4y(26-271;

4 D,
V2 W D,
Vs Vs U D,
Vo Ve 74 U D, - D, - Dy
s T Ty 75 (s D;
% T T T Vs Us Ds
T 5 oY 7 O D,
% T Ts Ty Vs Vs Vs Us L D, i
"o ] 2]
0 7,
0 T,
+Dy Ao =Dy, T4
75 75
T, 7
T, T,
|7 7
17)

X Dy (j=1~8) A j FAiinE, th; Dw N
B eh /KR E, thy DONG/KEIREHUHRIRE,
t/h; D ABERIHISTE, th; Atew NG RIK IS
{8 hewz 5 5 5 ML H DA KIEE has Z 2.

T PRUERE T (A I, AR 0 ST ARG
FENLVHARRUGEAT T AHORIRNE . AT RE S B

FIXF g SR L3R 2. B 2 WL, o KM R 244
YA 1.13%, /MNTTREAVFRE, 3UE T ASCHT
A ML R R AT SR RS

R 2 AFTEA BB AER I EE SR IHEM L R

Tab.2 Comparison results between the calculated values and
design values of the combined heat and power unit model

B gE| witE  HEE AHXF R 2%
R E B RIMW 233 233 0
FFHIEE S1/MPa 16.7 16.7 0
FAIRIREIC 538 538 0
FE AR R/(hY) 902.0 893.7 -0.92
FEAZRIE1/MPa 3.181 3.181 0
FHRFGRIREIC 538 538 0
P RZEVRIR R/ (th ) 743.5 751.9 1.13
HEHAHISE F1IMPa 0.748 0.748 0
BERITIRIEC 327.9 327.9 0
HESRGYR R/ (thY) 290.0 287.3 -0.93
LK B/ (th ) 369.9 366.3 -0.97
PFEHI(KI-(KW-h) 1) 67911 6777.1 -0.21
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(19)

X Dev AT IAEZAKLAT K CO, (IS
TRE, thy Arey NTIEE CO, Ja IR KE A heva
SRS DK hwa 2 72
2.4 TN IR IR

ISR IR AR 2 S EREVE PR Fr Xt
& R Gt TERE

RIS RS RER

B RGA BEERIFI IR EL .
M e ARG tH Zh o 1R R 3 A S0 S

TVRAl . Horp, IAECRATLL
IFHTEOL, R T AR LS

PP ALR IR, MW,
3LERSUTIE

ST AR, XHE I RIS
LCES #& RSt AT UL 47, 72 5IHT L T LCES
FITHP KNI R EE L i B8 L5 ) FIRR e s 055 5%
HIBT UG RGATITEREMITEN, S8R T AH
¥ LCES RIS HMAL. ER TR —SHREE
RGUNTITERERIMAI , HARZHIN VIR e 2
#. LCES AGiMplini e ZHNK 3, BESH T

M, AERRAN:

BB S HUE 3 P

Wnet = (Pe,char _Wc )tchar + (Pe,dis +Wt _Wp )tdis (20) % 3LCES REMIBIEESE
N . Tab.3 LCES system initial setting parameters
ME RRM PRI E AN
RE| 1A T RE| il
_ Qout,chartchar + Qout,distdis +Wnet 21 N
My = (1) et Jimpa 80 | pmmmAEEC 509
Qo,chartchar + Qo,distdis o b 4o
FefiE Ik 71/MPa 12.0 fifiikK/h 61201
4 RGN 5 . 25 | Fesenrim -
77 — Eout,chartchar + Eout,distdis +Wnet (22) H_i%ﬂ‘ﬂa)\ DE‘:jJ/MPa 0.55 HSQEHL%Z%/% 70[28]
” EO,chartchar + EO,distdis )V 25t FHRLEEC 100 PEHEMLRCR % 80128
NEyN > i G C 150 3 R Y 80029
s Qouterar F1 Qautis 7 B A MIRERE I FR PR £ /& KHATRR SRR
H,O H,0 H,O H,O
5.32kg/s 5.32 kg/s 11.51 kg/s 11.51 kg/s
171.9 C 32.6 C l\ 250.1 C 326 C
CO, \/\ CO, I/ CO, \/\ CO,
173.92 kg/s 173.92 kg/s 173.92 kg/s 173.92 kg/s
181.9°C 100 C 260.1°C 100 C

- AT -2 3
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H,O H.,0 H,O H,O H.O H.O
4.24 kg/s 4.24 kg/s 5.30kg/s 5.30 kg/s 13.07 kg/s 13.07 kg/s
328.23°C 165.56 C 328.23°C 165.56 C 328.23°C 165.56 C

]

A

co, co, N o,

173.92 kg/s

173.92kg/s  173.92kg/s
150 C 91.22C 150 C

Co, N co, co,

173.92kg/s  173.92kg/s 173.92 kg/s
84.39 C 150 C 35.52°C

b) & Z T A 25 2 4

3 RESHTRRIMMFESY
Fig.3 The heat exchanger parameters at each stage under the set parameters
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Tab.4 Comparison between the coupled system and stand-
alone system during charge and discharge

fi REMT (6 h) FEREMTBR (6 h)

H Wi e Wi s

HLAE B ML R4
CO, i S ¥t i/ (kg-s ) 158.01 158.01
BRI AT ZEIMW 22391 22391 658.67  658.67
P L2 % FL TR IMW 77.08 77.74 23518  236.26

it Re I FE LD /MW 47.72

it e B ICH R D) ZIMW 24.08
RGBT ERIMW 77.08 29.36 23518  259.26
ARG ZEIMW 63.68 109.02 21594  169.87
PAEI% 62.86 61.80 68.49  64.88
TR 1% 65.21 39.11 7203  73.69
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Tab.5 Comparison between the coupled system and
stand-alone system in a cycle
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