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Design and analysis of a supercritical carbon dioxide and high-temperature heat
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Abstract: To address the mismatch between electricity supply and demand caused by the intermittency and
fluctuation of renewable energy sources, a combined cycle energy storage and power generation system
incorporating a closed supercritical carbon dioxide (S-CO-) cycle and a high-temperature heat pump is proposed,
which is an innovative exploration of the Carnot battery form. Through energy exchange via molten salt heat
storage and water cold storage devices, this system efficiently integrates the heating process of the heat pump
cycle with power generation process of the S-CO; cycle, which achieves a favorable round-trip efficiency for the
energy storage power generation system. Simulations are performed to calculate the typical operational
parameters and thermodynamic performance of the combined cycle, and to analyze the influence of main
parameters of the S-CO; cycle on the overall efficiency of the system. The results indicate that, increasing the inlet
temperature of the expander aids in enhancing the overall cycle efficiency, achieving an optimal
electrical-to-electrical efficiency of 62.8%, while reducing the demand for heat storage molten salt. Elevating the
inlet gas parameters of the main compressor will lead the system efficiency to reach a peak value, beyond which
the overall cycle efficiency no longer increases. The optimal bypass ratio for the main recompressor is 0.35, which
allows the system to achieve optimal efficiency. The optimal operating conditions of the S-CO; cycle system are
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identified, offering an electrical-to-electrical efficiency that is 7.98% higher than a reversible Brayton system

under the same conditions.

Key words: supercritical carbon dioxide; high-temperature heat pump; Carnot battery; thermodynamic

performance; efficiency
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Fig.1 Principle of the separation S-CO2-high temperature heat pump combined cycle energy
storage and power generation system
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Tab.1 Parameters of each point under design condition

S RAMPa RIEIC | B [EJiMPa iRJEIT
1 7.8 32 10 7.8 483
2 15.0 51 11 7.8 163
3 15.0 32 12 7.8 52
4 25.0 44 13 5.3 640
5 25.0 157 14 5.3 442
6 25.0 148 15 5.3 48
7 25.0 151 16 3.0 -12
8 25.0 422 17 3.0 32
9 25.0 620 18 3.0 432
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Tab.2 Design parameters of S-COz power generation cycle

e gl
FEGEHLIE RS T/ C 32
F RN 433 11 77 Po/MPa 7.8
TEBEHALE IR ELL o 1.92
F RN RS H O ) PaMPa 25
FERRATN IHREE Tol C 620
St (HEFVRERES ERAGHREREZ ) sk 0.7
T EANER R ne 0.77
AR e 0.85
e AR IR /N 22 ATheex/(min <C1) 12
R [Fl B8 /N 22 ATLkex/(min <CY) 8
TR 5 /N 22 ATpd 'C 10
FPE]AED B8 5/ 25 AT C 10
JE SR INES BN 22 AThear/ C 10
RHMAE ne 0.99
RN BTN ZE Qe/MW 50

IZRK ML IZAK (52l Wi 3 7
W, =n,mChy —h)=mChy —h)> (1)
iy = Chy =)/ Chy —hy) @)
A mOABEGRE; g7 o8B TRCR; h NEAERS
B, HTMAbruE 1 REE R AR TP R R
B A HUAR s 748 705998 s 246 50 2 Winer 3 -

Wi =mChy —h) /e =mCh, —hp) (©)
1. =Chy, —h)/Ch, —h) 4)
IJ:T:QTHHLmL‘T: B0 55475 I 40 50D Winen 7«

http://rifd.cbpt.cnki.net

W, =mch,, —h) /5. =mCh, —h) ®)
7e =(h,, —h) [ (h, —h) 6)
TR AT 5005 46 T W 2

W, =m(h, —h,) /7. =mCh, —h,) @)
ne =(hy, —h,)/hy—h,) (8)
s ?ﬁ%%%&qj?ﬁ%#“i Qu:
Q, =mch, —hy) ©)
TEARE #(COy):
U U VA T

Qu
22 BEARARGITERE
KM 2.1 i, TRAYIIES IR A
NIST F#¥i £ 2 REFPROPRSL, 43 CUI S 440k
BULER 3, WA R A
FERRALSE R AR ) Wi 172
Wiy = 170,mChys — hye) = mChyg —hyo) (11)
= (hyg =) / Chyg —hye) 12)
e haes fUGR 16 5 FUALHIBRARGE, T IF.
IEAFHLE AT Wep L 72

W, =mChy —hy) /7, =mCh, —hy  (13)
Nep = (g =) 1 Chyy —h (14)
e R s H AR Qn:
hp = m( hlS - h14) (15)
TEIR R 1np:
T = Qup 1 Woy, =Wy) /77, (16)

%3 BIEARBIMLITSH
Tab.3 Design parameters of high temperature
heat pump cycle

25 i
FEZELEE D 7 Pie/MPa 3
B B8 e /N ZE AThex/(min <C1) 10
RIR WA B /Nl 22 ATiwear/ C 10
R AR I 22 AThnear! C 10
AR RE nep 0.85
KBS o 0.92
IR m 0.99

2.3 REITNHR
HT S-CO IEM 5 mila AR mEM G, 15
BOAHE R, e R I PE Re TR bR N G IR i
e R RGMEIREE, HEARXN:
n=n(CO,)m, (17)
2.4 1BV %I IE
D B UE A SO Y 1R 1t M T L R G A AT
TR RN AT AT I, KRR 25T T 133




5 4 30 L S IR AR R AR IR S R L R GBI T 57

M AR S Sandia SE46 ' (1 SL 6 45 R PIHEAT

e, SiRWE 4. R 4 TUED, $R&EEES
K RGBT, UEWIASC TR {7 FA

B B I AR L o

F ASNL MEES AR b AL KW
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Fig.2 Effect of inlet temperature of the expander in the
S-COzcycle on the system and cycle efficiencies
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Tab.6 The molten salt usage at different expander inlet

temperatures
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Fig.3 Change of thermal storage temperature difference
with expander inlet temperature
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Fig.4 Effect of inlet pressure of the expander in the S-CO2
cycle on the system and cycle efficiencies
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Fig.5 Change of thermal storage temperature difference
with the expander inlet pressure
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Fig.6 Effect of main compressor inlet temperature in the
S-CO:z2 cycle on the system and cycle efficiencies

] 6 T Bl R AR R FE T 7, S-COx
TEIR R IFHT AR, JEHAE 32~37 “Cu R P PR IE
FERIHE, EEERZELEEEERN, S-CO, 1)
BEAAECNRIZL M, IR AGEIER IR
RN RLEPERR, X2 RS RN TR E
Thim, FEIA A COMIN HIRERE 2 THis, M
i R AR AR IR RS TR R T,
T AGE T DU S AR S . REMEIR R
7t S-CO; fEIAERAEHNN R E N 22~27 CHFk
IR (1K 61%); MFEELENANITEEMN 22 C
JRFZE 42 CHY, fiE#iR2ZM 200 CRFEE 195 C,
Xt R G 0 (R S AR T DL, an &l 7 B

gi b, WE S-CO fEH E RN DR E
22~27 C, AI{ERGAEIRFCRA T B XA, [FR
Xt R G AN B




4

L S IR AR R AR IR S R L R GBI T 59

B 7 REEMEERNADEENTN
Fig.7 Change of thermal storage temperature difference
with the main compressor inlet temperature
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Fig.9 Variation of molten salt temperature difference with
the compressor inlet pressure
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on the system and cycle efficiencies

HE 10 i LAEH, BEESRILEIE KR, S-CO,
PEA R BRI KGN B, XEHE. Hik
G HLIIFERE Eh 4 P AR e AT R AR S [R P 1
TES ik F 0.35 21, AR HLFED 3G hnAs B
2, T S-CO2 1EMS R 3 Fi i rh IR AT 28 B B BRI,
(A1t S-CO T IR R ZE it 733t B B I 34 m 24493
WMELIEE] 0.35 2 )5, 4kEERnaimitl, RN
FEDRMRIG N, Sby, b eI Bt D) 2t R 4t
R 35, S-CO TR BB FEIK

X T e ARG, BEE TR LR sE . sk
2% CO M DR AWT T =, S8R RIS
IR R s T s R, S-CO 753
TV gs it VR AT BT, A4S il AR PR
ARG B e o AR PR B AR R VR B A ] B
THEA AT AL, iR E A AR B AE IS
VAR 0) =E

T2 2 MG LR EER T, e K B RGIEIR AL
R LG R 5 T = JE PR RSy, 50 im
Et. 7 0.35 B ik 2] ¢ K {H 60.8%.




60 kA%

2024 4F

B 11 25 T ARG ZERE S-CO, ¥ 1 I 45 73
TECHIARA . B 10 WA, A SRR ZE B G 2R
T3 B R T B . R Ak BE A HL R GEAT IR RCRIA
B E i, 2L 0.35, BhI A ER IR 28 191 C,
PakbF B K

11 PR ZERE S-CO BN B EMH 2R LTk
Fig.11 Variation of thermal storage temperature difference
with the S-COz2 cycle recompression bypass ratio
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Tab.7 Parameters of the simple Brayton cycle
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Tab.8 Economic analysis parameters

IH il
R AT RS 2.37
S-COz K HL R4k 353
ooy, TERRE 1.20
MR 4 250 0.05
HoAth, 2.10
Mt 9.25

O AR BEIZ AT 22 Com 2%Ciorl27!
4 Pz k 6%(27)
FE A F N 301271

SIPE R, EATHGH AR, AR5
WA CLecoe N 0.71 Jt/(KW h), # %8R
2023 4 8 H LR B 0.31 Jtith, ARG
U SE LA Crcoe A 1.02 JT/(KW ).

Xt 6 AT B T, LU R AR A
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M 720 CHATE RS AT IR 0% 62.8%, [A]I
PEER PR ZETTIA 210 °C, AT/ AR, A
g REN KA o

2) YiFF S-CO, I E RSN IR AT
BAR/KT 22~27 'C, NHOJE 4T 8.2~8.4 MPa,
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RATIE i, FRE SRR Z (191 C) i .
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IRRUEEAIIA 60.1%, X LU EIFE L0 A iR 4,
AR = 7.98%.
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