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Abstract: In the context of global efforts to address climate change and energy transition, the energy structure of
China, which is dominated by coal power, faces challenges from the inherent high carbon emissions of coal-fired
plants and the intermittency issues caused by the large—scale integration of renewable energy. Although traditional
carbon capture, utilization, and storage (CCUS) technologies can reduce emissions, their continuous high energy
consumption competes for valuable power regulation capacity during peak demand periods, while high operating
costs further hinder large—scale deployment. To simultaneously address carbon reduction and grid peak load
regulation, this paper proposes a calcium—looping CCUS system integrated with grid peak shaving. The core
innovation lies in optimizing the temporal allocation of energy consumption. During peak electricity demand

periods, the system primarily operates the carbonation reaction to capture CO, from flue gas, utilizing the reaction
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heat to assist in power generation, thereby meeting peak output demand and supporting the peak shaving capability
of the plant. During off-peak hours at night, the system utilizes low—cost surplus energy (valley electricity) to drive
the energy—intensive calcination for sorbent regeneration and subsequent processing. This design enables coal—fired
power plants to effectively reduce carbon emissions while maintaining baseload power supply. In this paper, a 600
MWe supercritical coal-fired unit was used as the reference to respectively construct CCS—continuous, CCU—-
continuous, CCS—intermittent, and CCU—intermittent process flows. Based on the Aspen Plus®) platform, the study
simulated the material and energy balances of each process and evaluated their technical and economic feasibility.
The results show that although the intermittent operation mode requires a total investment 24% higher than that of
the continuous mode due to additional storage tanks and equipment, its strategy of fully utilizing valley electricity
offers a disruptive cost advantage. The unit carbon emission reduction cost of CCS-intermittent and CCU-
intermittent is over 58% and 43% lower than that of their continuous mode. Using the CCS—intermittent process, the

power plant can output a net power of 670.78 MWe during peak periods and 268.67 MWe during off—peak periods,

while simultaneously achieving carbon capture, demonstrating a peak—shaving capacity of over 300 MWe.

Keywords: CO, capture; adsorption; dynamic simulation; calcium looping; power to gas
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Fig.1 CCS and CCU processes
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Table 1 Material properties of the solid storage tank

SEALES (CaO) B 2 (kg/L) 3.37

RIRSS (CaCO,) # ¥ (kg/L) 2.70
b T 5 ] o L KF 10%

WA A PR 225 o o m) 0.50

M KAl HRLJSERE (2, ,m) 0.25

JKYEREREEE (¢ ,m) 1.00

i DA B RAR KL (K, W/m - K) 0.50

K YEEE G RA Rk, W/m-K) 1.00

AWM & IR Bk, W/m - K) 1.50

xR (R, Win? - K) 2.00

SRS IREE (°C) 25.00

14 BISSH

AT B e Ak B R BT HL il 48 T R 2 45 2
BOE N XSS O A CREZE & 5T IX
BSEBRE Af E , EAAR DL 2
1.5 &FFFEMuERignsgE

AW 5T 28 U5 1 o A il 5 AR B BB A
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Table 2 Relevant parameters for electrolytic hydrogen

production
2R EEDA Kl
T kW 800000
PEAR S (CAPEX) Y/kW 536
iz 3% (OPEX) %CAPEX 2
Eavis kgH,/h 16000
K L/kgH, 15
KA Y/L 0.005
(SRR ks kWh/kgH, 50
L f (U ¥/MW -h 600
A ¥/t 500
AU kg0,/kgH, 9

797.90) RATHEHAMA(C,) o BEA AR Z
BMHSH IR 4,

x4 AEHAEESURESEE

Table 4 Parameters and reference values for capital cost

(Annual Total Capital Cost, ACC) 5 iz 17 4E 3 i A<
(Operating and Maintenance Cost, O&M) , —. 3% Z Fl
Bl RAF BE B 2R (Total Annual Cost, TAC) . ZEFF %,
AR F By Ry ] AR IB AT YR NAS 5 ] E 18 AT R
AW R AR SE AT AES A N Bl R B AB AT B A
Qb PR AR Y A, T2 A AT A ) 9 R R
BRI 2% 145 s [ e is AT 4R i ARy 5 R GEas A7t far
TCH HEKRTR A A B2 E 1Y LA | 32 BEAL 45 4R
FEYEA B BN TUAS U B S AR 9%, LA AT
BUE L HOR S s B ARG o AR R
NN NI g (Capital Recovery Factor,
CRF) 5 B ARG A (C, ) FBUIHERS . Bt
LRV BNAS Ol F A FEASNT S, LR T
A (] A b b E AT IR R R A 2 . R AR R
ARG 75 BRUAS DL 3R 37,
®3 RABKGENRERHSH

Table 3 Parameters for the scaling function in capital cost

estimation
28 Hp Bl
oY i 4 25
FAFIE1THT ] N 8760
T " CCS i 30 A/CCU HifE 50
A
R B TNTE ¥/N 60000
FEAH] ¥/t 22000
Ca0 Y/t 300
Wy ¥/MW +h 600
I ¥/t 700
NG di WS W %N A AR 1Y 25%
Al 3= LA R S AR BALNANY 15%
o ERT R A AR AR LA 5%
ﬁ?ﬁ%lj&iﬂ;ﬁi%ﬁfﬂ% T el 35%

estimation
ZH C/MY FRMSHL S, f
MEFRZEIR 275.70 AT, MW 568.50  0.69
ek 397.40 AT, MW 1027 0.98
B 221 AT, MW 20 0.80
JEAEHL 0.55 AT, MW 0.413 0.68
Wantities 073  HHAAEPUE.Vh 659 0.70

L
et onids  4.27 HOERE, vh 3.60 0.60
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A HLS,)  FARF B A IR 18 50 BT A 13045
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1.6 RZFEHF

RGN FE ST 45 Hr AL 45 1 3Bk CO, HE
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FAMRIE I AE N 74.17 vh, Y4 BE T FE &8 0.43
Mt., CCU-¥EZELL CO, Bl ™= KR 0 Hpw,
To CO, 5, AR50 106.71 vh, 4F B 7= & o8
0.93 M, FHX R H e Ak it 8 S 75 oK &4 49.80 th,
AETHAEL R 0.44 M. fEALFRIRI LRI R 0.11 vh, XF
A TH AE IO 999.88 o [A]Biz 1T 2 I A% O R AIE
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e R, R L et A 2 IR i A R
IE, RGBATIS R ICHIMARTT K , CaO REIH 51 L AF
JETHFE B S B, AR B e
FAE SRS BR S, CCS—Ta] Bk T 25 R B M B 2 (R Bk vy
PR CO M i B384 815.42 vh, Y ik S
e 3 4%, 4R CO, B F A5 CCS-iELE T2
AHIE] . CCU—[A] BT 2 [al R 2 IR th ARARRE , KRS
FE AR 320.13 tvh, 290 E SRR Y 3 4% AHXT I H,
AR R 1 B B () 2 i [R] 2P 4R T 3 A% (R4
THFE 5 iE 058 A ], B0 E ] iz 1740 ek AR
Pt A B F NS AR B S FE AR O ARAE
®5 BEIZYWRTESE

Table 5 Material balance for different processes

B Ces-#4 cos-ma CCUTE CUH
JH(v/h) 2143 2143 2143 2143
CaO 38 (1/h) 20.13 60.39 20.13 60.39
PP (1/h) - - 0.11 0.34
H, R HE (/h) - - 49.80  149.40
SRBEH R (1/h) 74.17 - 74.17 -
LiTi
CO,(v/h) 271.81  815.42 - -
J% % CaO(t/h) 20.13 60.39 20.13 60.39
KIRSR(vh) - - 10671 320.13
FEESHL
CaO JHFERL (MY/AF) 0.18 0.18 0.18 0.18
PRI G 3 (MyAR) 0.43 - 0.43 -
CO, #:77 1 (MYAF) 2.38 2.38 - -
KR4 (MVAE) - - 0.93 0.93
H,H 6 (MUAFE) - - 0.44 0.44
PEALRTAFE = (V4 ) - - 999.88  999.88

22 BEETHE

F G0N 0V 1 BE A A S R LR
PnF 6 in . ELBITRIT By S8 b
[ BE B i AT RA A8, CCS—E 22 T LAk b PR
oA 255 MW, BB b i A BE 12 489 MW, 35 fiE
FERUH 25 57 B UR T4Bebe CaCO, 20 fift T 5 11 e R 34
fiE (950 °C) A TRRAL IV (650 °C) s FE4RHLYE N €O,
JE 46 A7 At 1 OC S 1 45, HL RE T FE R 34.06 MWe,
CCU-TEZE T A b JBRE I i) i 2 Hh /0 A
5CCS-#HZ T 22—, R4 HLIA CO, R 4i Hbr Ik
FEAG, L RE TN #E B KT CCS-# 42 T2, M 10.92
MWe; H1 T H e £ 520 A2 5 A 52 By, FEY 966 4 R 1

i AT A 0 i R A PCRE R i EE a1 D 261.94
MW . 1] Bz 3R Y A% 0 BE F g i A 22 S P R
TEMRGE I TR AR AL B P B Ak S i , PR 4 ri I B
A BRAF AR Y CaO W RRFFR] , b 3R 52 45 4 E ki A5
JEE A AR TR AR N 1 AR R 3%, TR A 4R i
JETELEBEAT Y, BT LARR AL b B8 0 At -5 i S e
5
x6 BIZHETHE

Table 6 Energy balance for different processes

E 24 CCZ;E CCS-[alEk CCU-#Z: CCU-[AJHEk
LITPN
Wbl (MW) -255 -255 -255 -255
BB (MW) 489 1467 489 1467
JEAHL(MWe) 34.06  102.18 10.92 32.75
FE Ak S I 4 (MW) - - -261.94  -785.83

AR T2 A A I L R 7% (R BEFE XS FL T & L
BRI N 2 /R . CCS 1 R Ay APl )i 3= %2
SRR R AR AP R 50 P4 R IR DA K CO, R I
251 CCU i FEAE PE LAt -, 38 mT 38 3 FH Joe £k s g
TR RIS, FEESLIE TR, CCS
ML T AT A A RE R 171.29 MWe; CCU 3%
LT A0 M A 3L LB R 227.32 MWe. AL, X
T CCSH#LZ: T2 e W M as A7, o ) (Y SE B
el HHL I R R 737.23 MWe; 7648 HLIB AT, S2PR
el L TR 9] R 536.74 MWe, XF T CCU 4k
T, e e U ) R ) S B v i L TR Oy 816.40
MWe; & HL 8] K 615.92 MWe, X TJE[ER T2, H
] 05 F, 8 LA B i) 43 A1 AR P o 0 v T 7 [ )i v
RO VR Tai Ak, At CCS—1al Bk 5 cCU-[a] Bk i
A1 EL RE 34 R 70.78 MW, S 06 Hi, 301 ) b T i 114
Ty #35° 670.78 MWe., 7E4+ HL I [H] , CCS—[A] 6k T
200 AT FEL BB R TR e Ak b R o 590 P48 i e ek LA
Jo CO, R, fL T R H D% 268.67 MWe.
i CCU—[H] 8k T 25 iy [T Ae L i i 2 A 455 P o Ak ot
A, H Ay U9 ) T R A T R4 0 R 506.19
MWe. BRI, i1 (% 2L/ R WO A SUE Pk
i B 5 RE SR A I S R AR BE R RV RE S
TRAR AR/ R AR A B i, L) O =38 A 45 H B B 4R
HBEAE , AT SIS H D) 8 DA A AT 80 i
2.3 TEfEE&IT

FEABRE R 36 E CaO WM 5 Ca0/CaCo, iR
H WA T oK, LR AR S AR R S
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Fig.2 Comparison of recyclable electric energy and net output

power during peak-valley periods for different processes

Ca0:CO, B /R b B4 A0 OC , HL75 0l 2 16 /NI 25 22 ik
TR YR R 2R, BRBE R 7 k. A
AR TR, CaO fRA 1 R 32224 t, X I Y £ /)N
FEA% 25 (8] R 10518 m® s A X R [ CaO/CaCO, IR &
FEREZS 0] 12738 m’. BEF AEAGHHE =5 & H=1.5%4}
12D BB TR B RF BUE K, CaO F7 it TERLAS
721 mx32 m(DxH) , AN 1.02 MY 5 1B 5 W17 it
FEFIAS M 22 mx34 m, AN 1.16 M¥,

KT HFHEEXSH

Table 7 Relevant parameters of the storage tank

ZH S
CaO(1) 32224

Ca0+CaCO, (1) 26679+9891
/1N CaO #7425 1] (m?) 10518
CaO FEETERLAS (D*H) 21%32
CaO TFAERERA (MY ) 1.02
/I Ca0+CaCO f7-i# %5 18] (m?*) 12738
IREYFEERERLAS (D*H) 22#34

TRA WA RE A (MY) 1.16
T D AT AAHESME | H A7l i, BEE H=1.5 D, FRIRCEEEER

SRR CaO FERHHE SR A T R REEA TR

A7 T O A R A3 AT 45 SR AN 18] 3 7, - e
PG F2 LR R T WERE RE IO E T, X5 T CaO £
TG, B IR 266 kW 5 1A W) A7 it T s A
9301.20 kW, #E—2B 33 AT 15, CaO FAA# fEFA0 2%
“h 28.18 MJNCO, , TR A5 W) AAAift e A 25 2 31.91 M)/
tCO,o
24 IZRBESH

B Al 4 2 T2 40 AT SR R CaO HLEE B A 4 i
AR I R AN [R) B B HERCRAAE , B B an =& 8 iy

B E HE HEE e e At

K3 fPRERERR R

Fig.3 Storage tank heat loss

No BSEIS RGN YIFE S BEFETR B B2 T2 8K
£ (CCS/CCU) s, T 538 A AL (7 25/1A] ) Bk
BN FENR B RIBFE 71, PUFP T2 57 CaO 5
Fe—B, fEREE A, CCU T2 M i efE S
PRI R CCS T4 MR 2 10% 5 13.2% , £ %
JRT CCU T4 CO, 4 B Aw S 3%, BEAR T 4
B RGETFE . WA, 103 2 B [ A A7 it o i 1 445
FEAL (5 2R G0 M PR 29% , TE B 5 1A DAL 56
IR B E RN I RERE LI . R SIS T IR M
SE T A A A AR HEE ) . Tt B, 1Sk
B AR T U MR SR L AL B e IR, BT
A HL T 7= A 1) CO, HECE KR BT, M2 T,
[Fa) B A A FH 5 v e BEEA T e 8P 00 IS R T
g Fh 3O R R AT A R B . A s A TR B
el i SIS T 0 e B BE ™ T ST R B AR
PETFHE L 22 G e A HE S RIOK P A AR

*8 BuUMMESHEXYRSEERE
Table 8 Material and energy consumption per unit of

carbon captured

o CCS-iE CCS- CCU- CCU-

ES S 111/ G 5 S 1511 ¢

WA 4E CaO BFE (kght,,,,) 74.10 7410 7410 74.10
WA AR SREFE (G, 210 210 1.89  1.89
WA SR IR R (G ) 1.59 159 138 138

WA P, Y DA% (% ) 32,51 86.00 32.51 86.00

U FL BT P ) R BR IR AL (ke/MWh)  289.35  82.44 289.35 82.44
AL L TR HE L (kg/MWh)  82.44  82.44 82.44 8244

B 5 A AR O M A P AR A R R B
DI R R TATT T, iR 9 P . RE R E
FE P CCU 2R GE A LI 1H] A B9 8 RE e i AL SR 2
FORUHE 22 5 100 DR T 3 A7 B 14 25 4R BiE 15 1]



5 XX

www.hgxb.com.cn c 7

LR FERBRRE . COU- (R BIORE = A 2he ' 1) o8 ol 28 1
T CCU-#: ZemisX . SR, it CCU-4% 22 ih &
CCU-[HI B T 2B s e B YRR TR A
B R HROR ¥ FLN T 06 L B JC B 2 i — 20 i
FL P 1 FH L K T 4 rEL S (R A T A B
W2, CCU— [ BJCU A SR T o A o O o3 e 9 o o
S AR L AR ) LA Rl - P AR
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Table 9 Parameters for electrolytic hydrogen power and

hydrogen cost
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Table 10 Economic assessment for different processes
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