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System modeling and optimization of large-scale carbon
capture and storage coupled with cooling in coal-fired power

plants: new ideas for reducing carbon capture costs

CHEN Yang', WU Ye!*, LIU Xing?, LIU Dong!
(1. School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu;
2. Jiangsu Whale Energy Zero Carbon Technology Co., Ltd. , Nanjing 210000, Jiangsu)

Abstract: The use of carbon capture and storage (CCS) system to reduce CO» in coal-fired power
plants is one of the necessary paths to carbon neutrality, but the current high cost of CCS has

limited the development and application of this technology. For a 300 MW coal-fired unit, this



paper proposes and builds an alkali metal-based dry carbon capture and storage coupled cooling

system

HoAS B A 2022-09-28  FALG iR

XA B : TG A% P A& R B (BK20220001) ; ERE S KX 8 (2017YFB0O603300)
H#ERA: FRip (1999—), *, HITEMA, 4. E-mail: 491532761@qq. com

BIRAEE: BM (1986—), B, iHEXA, &l#4&. E-mail: ywulnjust.edu.cn

using Aspen Plus simulation software, which uses condensate circulation for deep coupling to
achieve the purpose of recovering the cold volume in the CO> compression and storage process
andeffectively reduce the carbon capture cost. Without coupling the cooling process, the unit
power consumption of the carbon capture system is reduced to 413.79 kwh/tCO, by recovering the
reaction heat released from the CO> adsorption process; the energy consumption of the CO;
compression and storage process is still significant at this point. To this purpose, the carbon
capture and storage system described above is further coupled to a refrigeration unit.Simulations
have shown that the new integrated system reduces the degree of CO2 compression and the unit
power consumption of the compression storage process is reduced to 247.54 kwh/tCO,, a
reduction of 2.3%, resulting in a further 33.77% reduction in the total operating cost of CO>
capture and storage.In addition, the introduction of cooling units generates additional investment
cost reductions, for example by increasing the heat transfer temperature difference within the CO»
adsorption bed, reducing the amount of heated surface arrangement and adsorbent loading, and
thus reducing the adsorption bed size, with obvious optimization effects. Therefore, the above
work provides an important support for the promotion and application of CO: capture and storage
technology, and also broadens the way of CO> utilization.

Key words: coal-fired power; carbon capture; alkali metal-based ;CO> cooling; Aspen Plus
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Table.l Reference turbine unit characteristics data [

21]

L E S ZHE
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1.1. 2 BRI RS

FEARZ ) CO i ERTBEA T, Tl <2 2 2
ARHE PR FRUARIR IR R AR BL A BEFEAR S
VLG TE I QAL R 2 3 R . e
T AR B B IR PR 7 e s AR R

FHEREFEAR, TV HE 722, BRI
VB B 750 1 S5 7 3 A1 A PR 14T A 22
El T HR AR S RREREEE .
F A EARAE, AHEREEAR, AAEL
FLJ 3 MR AN MV B 7 77, AT S22 1
RZ A )2 RIEANE I . ST BB ]
PRI PR 7R AR SR TR R 2 BT o BOASOR
FEI 22y 5 3] B B 70 P 925 BB e 50 A i
LTI

AREAUNAR 75 1 LA B s fal AR -

() RGATREET;

(2) BBIALHEE LA NOx.

SOx S5 IR M4
(3) RN VA A /K 285 i /2 M
B s N Fr) 75

(4) MBI R T A LS B
PR PR 7R AR AT R S, T BAR
i 5 P I R R R BE AN 78 23 7 A
02, CO %4147

(5) HA SO s r U B SR B 5 5 4 1
(6) A5 EE AR G IR A FE A BE T R R

(7) WE R 73 1 4 1) <8 2 B RN
100%.

#iEkmICO,

H0

RHERBL2

R

RERBLL

2 TR ] AR R B PR BBk A SR AR )
Fig.2 Carbon capture process based on sodium-based

solid adsorbents(®!

ARG, %5 PENG-ROB /£ ¥
PEJTVE, S EE T E R R T T )
R B B SF R AR R - BRIHEE R
G E BRI SHNER 2 s

F 2 BRHERG RIS

Table.2 Carbon capture system design parameters [> 23]
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Table.3 Refrigeration system design parameters
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Table.4 Comparison of reference values and simulation results

for steam and water systems

R H1 H2 H3 HD H5 H6 H7 H8

BUE TOL N iS5

175 % J1(MPa) 5.9539 3.5678 1.6137 0.7335 0.3136 0.1314 0.0705 0.0222

i ECC) 386.6 3193 430.9 325.1 225.5 138.7 90.1 62.4

HIRIR B (kg/h) 68659 74662 40094 39493 32385 19943 30812 28169

etk iR ECC) 241.9 199.3 167.8 130.5 103.2 86 58.5 33.8

gk iR ECC) 274.7 241.9 199.3 164.7 130.5 103.2 86 58.5

ki ECC) 247.46 204.86 173.36 108.76 91.56 64.06 39.36
BT 545 R

HIRIR B (kg/h) 69337.1  75581.1 40330.4 39469.7 32686.7 202343 309873  28312.3

®%E (%) 0.99% 1.23% 0.59% -0.06% 0.93% 1.46% 0.57% 0.51%
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Table.5 Comparison of simulation results with reference data

EipaeEEHU AL R
e 2 (kg/h) 772.5 1339x103
SN 16.9wt%COx+7.6Wt%7K 7S, 14wt%C O+ 7W%K 7S,
+68.7Wt%N1+6.8Wt%0, +79wt%N,
W B 770 ) A 22 20% 20%
TR AL S BLEE(°C) 60 60
A PR E(CC) 150 150
CO, Wi 90% 89.99%
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Table.6 Simulation results of thermodynamic properties of refrigeration systems

B/t 1 44 K ZH R T (°C) P (MPa) ah (kl/kg) m (kg/h)

1 CO, 7 3.66 / 24556

2 CO, 96.04 10 / 24556

3 CO, 65 10 / 24556

4 CO, 40 10 / 24556

5 CO, 1.85 3.66 / 24556

CWA-1 H.0 32.5 0.0049 / 30577

CWA-2 H.0 6.9 0.0049 / 30577

CWA-3 H.0 7 0.6 / 30577

CWB-1 H.0 32 0.10 / 92379.5

CWB-2 H.0 40 0.10 / 92379.5

HW-1 H,0 45 0.14 / 69552

HW-2 H.0 50 0.14 / 69552

COMP CO, / / 58.97 24556

TUR CO, / / -7.47 24556
EVAP CO2/H,0 / / 133.49 24556/30577
HEATER CO2/H,0 / / -59.21 24556/69552
GC CO2/H,0 / / -125.78 24556/92379.5
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Fig.7 Flow chart of carbon capture and storage systems for conventional coal-fired power plants
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Table.7 Comparison of energy consumption of carbon capture and storage systems

before and after heat recovery
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Fig.8 New system flow diagram for carbon capture and storage coupled

with refrigeration in coal-fired power plants
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Table.8 Comparison of energy consumption of coupled carbon capture and storage systems

in coal-fired power plants
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Table.9 Analysis of the thermal performance of different systems
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Table.10 Analysis of the running costs of

different systems
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