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Abstract: A Carnot battery system based on coal-fired power units can efficiently absorb curtailed power of new
energy while utilizing the existing infrastructure of coal-fired plants for energy release, thereby addressing the
challenges posed by high-penetration renewable energy on the power supply-side flexibility. A novel supercritical
carbon dioxide reverse Brayton-Rankine cycle Carnot battery system is proposed based on the concept of split-flow
expansion, and a comprehensive investigation is conducted through thermodynamic modeling in EBSILON
Professional, parameter sensitivity analysis, and multi-objective optimization using genetic algorithms. The results
indicate that under design conditions, the turbine power output and waste heat recovery of the novel system are
improved by 59.84% and 43.23%, respectively, compared to the reference system. The energy storage cycle
achieves a coefficient of performance (COP) of 1.32 and a round-trip efficiency (RTE) of 57.68%, representing an
increase of 0.10 in COP and 4.37 percentage points in RTE over the reference system. Both COP and RTE increase
with higher pressure ratios, higher flow split ratios, and lower top-end temperature differences in recuperator 2.
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When the flow split ratio is 0.23, the pressure ratio is 3.09, and the top-end temperature difference in recuperator 2
is 12.60 C, the COP of the Carnot battery storage cycle reaches a maximum of 1.37, with a corresponding RTE of
59.87%. The study provides a technical reference for enhancing the operational flexibility of coal-fired power plants
and optimizing renewable energy integration through advanced thermal storage technologies.
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Fig.1 Schematic diagram of the Carnot battery system based on a coal-fired power unit (reference system)
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Tab.1 Thermodynamic parameters of the S-CO: reverse
Brayton cycle

miH il
AR RS H 10 TR/ C 32
FEZEHL I JE J3/MPa 7.40
FEZEHLH 1K J3/MPa 20.00
FEGEHLH DR C 570
J RIS R C 431
b e 0.90
FEARHAERE R 0.90

®2 MIBLBENE THA TREERNFSH
Tab.2 Main thermodynamic parameters of the coal-fired

power unit

gE] HE
FEHRRRE/(HY) 915.09
2RI E F1IMPa 16.67
FARRIBE/C 537
HHRIRFE/(hY) 756.12
FHIKITE J1/MPa 3.20
FIAZIRIREIC 537
ZIRAE/(thY) 541.20
ZIRBRIMW 362.13
R EIMW 300.15
75 JE/kPa 5.39
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Fig.3 Schematic diagram of the novel “S-COz reverse Brayton-Rankine” Carnot battery (novel system)
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Tab.3 Comparison of the simulated and actual values of the

steam turbine’s power generation capacity under different
operating conditions

T (th) SEFMEMW - BHUEMW  35RZ%

THA 915.09 300.15 300.13 0.01
T5%THA 666.57 226.22 226.62 0.18
50%THA 453.83 151.77 151.23 0.36
40%THA 373.80 121.67 121.49 0.15
30%THA 290.70 91.43 91.01 0.46
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Tab.4 Validation of the heat pump system modelst

iH SEMEMW  ERMEMW iRE%
FEE 3.78 3.78 0
FEZEHL I E F3/MPa 7.50 7.50 0
FEAEHLITMW 18.22 18.21 0.05
& TAEHIMW 4.30 4.29 0.23
I HE/MW 13.91 13.91 0
N ORI C 146.85 146.36 0.33
JEZEHL G C 435.15 435.15 0
CO R EIME/(thY) 287.01 287.65 0.22
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Tab.5 Thermodynamic performance of the energy-storage
cycles of the reference system and the novel system
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Panlinaa — 0.20 —
& FshiMw 15.14 24.20 9.06
%7 1 hiMw — 12.67 —
#F 2 g hIMwW — 1153 —
[E] FAEE . B MW 370.55 358.99 -11.56
[E AL 1 [EFAEMW — 125.18 —
B A2 2 [FFAEMW — 233.81 —
A ECE/MW 22.23 31.84 9.61
AERRE ceop 1.22 1.32 0.10
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Tab.6 Key parameters of the genetic algorithm

TiH Kl
TR 50
XA 0.60
RAFHE 2R 0.50
AR 0.75
B3 30

FESLXAAC IR, DURZEHLH IR 570 °C
AMEEF 2 BT x=1 FE Nk AT, RTE #ak
N HFREHL W] LIRS

RTE=f(5,D,a) (13)
b D Oyl 2 BimZE, °Co

et RE T, bk (B RTED HE R
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MR IR . SRR e, BfER)s A
R . SRS A B R 7 P

x7 BXBREHMNWERE

Tab.7 Optimization ranges of key parameters

TH .
Siitba 0~1
[ #h e 2 b3ZE DIC 10~50
EHB 2~4

ZHMRAHT J5 RERTIFVEREXT LR 8.
WAL G 43 . (Rl ES 2 [ b 2 AR 4 oA
0.23. 12.60 ‘CH13.09. M, TR B AT
/NT 248.78 thh S L 3 K AEE S 1 R ThIE
T 277 MW, fRALJEIEF R IhEinT 2.44 MW,
IR, AV IR AL A RIS I T 4.91 MW,
AL S5 % RETG IR ) COP R RS RTE 4l At
HiFEm 1 0.05 A1 2.19 T 43 ki, 15 F 1.37 F159.87%.

&8 kAT, EHEREHRIFERERTLL
Tab.8 Thermodynamic performance of the novel system
before and after optimization
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TiH AL HT Ak s Z1H
IR 2.70 3.09 0.39
[l #h3e 2 b2/ C 15.00 12.60 —2.40
St 0.20 0.23 0.03
TR E/(hY) 2767.89 2519.11 —248.78
JEZEHLRESHMW 124.20 126.64 2.44
& THIMW 24.19 26.64 2.44
#F 1 MW 12.66 15.43 2.77
% 2 MW 1153 1121 -0.32
B FARR L [E] A MW 358.99 365.09 6.10
[l #4388 1 [FFAE/MW 125.18 76.28 -48.90
[l #4882 [mHE/MW 233.81 288.80 54.99
A IEN /MW 31.84 36.75 491
e &L ceop 1.32 1.37 0.05
FE IR B el % 57.68 59.87 2.19

~
445

1 KA, B RS0 RE0E A 1 &7
fSrh e hn, Mt R5H COP Ml RTE. #iA!
RAMEBTEANBE PN ERSHERGIRS T
9.06 MW, AAK[FEIESES T 9.61 MW, COP 2
T 0.10. HH ARG RTE 1A% 57.68%, #JE R4
T A37 FAr .

2) JEHCFIR EE IS R LR RIS 2 bum el
TR RS0 RTE. 4EELA 2.0 %)
4.0, i RSH RTE M 51.94%2 5 % 58.87%. 47
LA 0.05 $2 =31 045, HiA RS RTE M 53.83%
PEEE 57.60%. HEFHEE 2 iz 15 CHEKF|
50 C, B AL RTE M 57.61%F&K % 54.39%.

3) ZBEHEFANA, TEELH 3.09. it l
0.23. [al# 38 2 FimzER 12.6 CH, B RS #GE
PEIR[) COP A RTE 5 K A 43 Ak F] 1.37 159.87%.
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