RS BRI kAL E HERET IR
R EBEH D THERMAL POWER GENERATION Ve AU RS

DOI:10.19666/j.r1fd.202512034

RAWERG LA ERHKERHE
- N R

TREE L2, TKE %, MBS, ME S, TS, R
(1. M kFw AT AR, 8E @M 350108;
2. P EMF AR R AR R RN R LR TP, A2 RN 362200;
3. PEMFREAFMESE, @E AN 350000
4. BITKEFRRFIZ, 48 A1 361102
5. v KFREMAFES ISR, #d K 410083)

K B] [ B8] Hik BARRK L ELIE @005 RHH A EEE T KA GTE, HERER
KA EFEFET COEMELIRABAAAM, ALIRE T —H F b3 K & 245 AR
BEKREHEBS R, [Fn] RAERT KBS, KEBIEAR R KK,
FIR A S0 K AR ALY, AR AR 4 B A2 49 ) B9 CO i ARAE 71, F BLIUE 4
AT, TRAFMELFZRREGMEE R ETRNFHAER, FRAGHEN
At REAEMMARBEMRE A BRITT ZRENZIoM. [ER]EXEAN: £ I0MW B4 R
FINTF, 454 COHEMARA 200.18KW « hit, /A4 A% 18351 Llt, 4%
Gille IACFBOMETEAIR YY) 25.43% ; SRR ATt —F 2, RAEBMKAIEE . KK
MR F =1 200 KPa, = R 4B 3R AR 8 % 400 kgls KLE AT COy ik & =15%89 T 0L T i& f11¢
B tt. (4538 ] ASFRARH 00486 R 38T R 45 MAh S ) Ao 7 208 76 31 89 1 3%
W, RILT AR R, AR T I 0 B SR B AR AL T — AT
B

[X # 38 ] KARHMERK; Bk B RSHEAA

[SIAARMER] (RBIMEE D) EEEE. FXARAN]. #AKE, 5, E): AL TA-LETL  fFHHL £
A7 [J]. Thermal Power Generation, <, #(#7): A245 W #-4 .k 725,

A coupled system of compressed gas heating and water-based carbon capture for
cold regions

WEI Die!*?, ZHANG Liugan?, LIN Jian*, YANG Sheng’®, YE Kai?>*, CHEN Longxiang®>

(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;
2. Quanzhou Institute of Equipment Manufacturing, Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, Quanzhou 362200,
China;
3. Fujian College, University of Chinese Academy of Sciences, Fuzhou 350000, China;
4. College of Energy, Xiamen University, Xiamen 361102, China;
5. School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: [Objective] To address the practical challenges in cold northern regions of China, including the growing
demand for winter heating, severe pollution from coal combustion, and the performance degradation, efficiency
drop, and frost formation of air-source heat pumps under low-temperature conditions, while aiming to achieve the
“dual carbon” goal and realize coordinated development of clean heating and carbon reduction, this paper proposes
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2 #A% PO
a novel compressed gas heating and water-based carbon capture integrated system, designed to achieve high-
efficiency and low-energy-consumption carbon capture in cold northern regions. [Methods] The system increases
the pressure of flue gas through multi-stage compression, with the compression heat being utilized in a gradient
utilization. The high-grade compression heat is utilized for residential heating, thereby avoiding the problem of frost
formation in low-temperature environments with heat pump heating. Subsequently, the low-grade compression heat
is harnessed to preheat the gas before it enters the expander within the expansion module, thus increasing the power
output of the expander. In parallel, a two-stage water-based carbon absorption-desorption cycle is adopted to achieve
CO; enrichment and purification, harnessing the cold climate of northern regions to promote the dissolution of CO»
into the circulating water. While recovering a portion of the compression work via the expander. To evaluate the
system’s performance, a simulation model of the proposed system is constructed in Aspen Plus, with the specific
energy consumption for CO; capture, heating load, CO; separation efficiency, and product gas purity designated as
the key performance indicators. Based on these criteria, a quantitative performance analysis of the system is then
carried out. A sensitivity study is conducted on key parameters such as ambient temperature and absorption pressure.
[Results] Under the design condition of 10 MW heating supply, the system achieves a CO; capture rate of 85.65 %
and a product gas purity of 99.72 %. The specific energy consumption for CO; capture is 290.18 kW ¢ h/t and the
capture cost amounts to 183.51 yuan/t, representing a reduction of about 25.43 % compared with conventional
amine-based capture technology. Sensitivity analysis indicates that lower ambient temperature, higher second-stage
absorption pressure (= 1200 kPa), a moderate second-stage circulating water flow rate (300~500 kg/s), and a
medium-to-high inlet CO, concentration (= 15%) are conducive to achieving low-energy and high-efficiency
operation of the system. [Conclusion] This study proposes an integrated system that combines compressed gas
heating, low-temperature water-based carbon capture, and cascaded waste heat utilization, which enabling the
effective synergistic achievement of the dual goals of heating supply and carbon emission reduction. The system
features the advantages of low capture energy consumption, stable heat supply, and strong environmental
adaptability, providing a promising technical pathway for clean heating and low-carbon flue gas treatment in cold
northern regions.
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Fig.1 Schematic of the compressed gas heating and water-based carbon capture coupled system for cold regions
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Fig.2 Comparison between the simulation data of the
absorption tank model and the reference data
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Tab.1 Comparison between the simulated power data of the
compressor and expander and the reference data
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TR ELEHL 89.44 89.88 0.50
— B 318.48 317.26 0.38
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Tab.2 Composition and state of the flue gas entering the

system

ZH Bl
/K 273.15
JE 71/kPa 100
CO, JiL & 4141 02285
No i &7 4 0.742 0
Oy &34 0.029 5
RS R R/ (kg/s) 34.41

R3 RETERITEY
Tab.3 Key design parameters of the system

S8 Bl
AR EEIK 263.15
FRES R F1/kPa 100
— R R J)/kPa 5100
RS T ) /kPa 1300
—RKFEHUZAK I J1/kPa 100
ZGUKEHUIKE J1/kPa 100
FEARHLESR LG 2.84
FEAEREEIR 5% 87
TR ATLASZ A Lb 252
N AR AT 2 26 1% 88
IR SRR % 70
IKEENLE R % 80
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Tab.4 Stream state parameters for the compression and
expansion processes

R HE/K & J1/kPa i B/ (kg/s)
al 273.15 100.00 3441
a2 376.18 284.16 34.41
a3 308.15 275.63 34.41
a4 267.32 267.37 34.41
as 368.51 759.74 34.41
a6 308.15 736.95 34.41
a7 267.09 714.84 34.41
a8 368.54 2031.29 34.41
a9 308.15 1970.35 3441
al0 266.96 1911.24 3441
all 369.03 5430.97 3441
al2 308.15 5268.04 3441
al3 291.69 5110.00 3441
al4 283.31 5100.00 27.06
al5 303.15 4956.70 27.06
al6 240.16 1970.35 27.06
al7 253.15 1911.24 27.06
al8 303.15 1 853.90 27.06
al9 241.28 736.95 27.06
a20 253.15 714.84 27.06
a2l 303.15 693.40 27.06
a22 241.66 275.63 27.06
a23 253.15 267.37 27.06
a24 303.15 259.34 27.06
a25 241.56 103.56 27.06
a26 253.15 100.00 27.06
a27 283.19 1300.00 0.61
a28 154.61 100.00 0.61
a29 253.15 100.00 0.61
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Tab.5 Stream state table for the two-stage water-based carbon capture cycle

M4 (kg/kg)

JRA A EE/K £ J1/kPa T/ (kg/s) N o, o o TRCRE
bl 291.69 5110.00 34.41 74.20% 2.95% 22.85% 0% =
b2 284.63 5104.74 607.82 0.08% 6.70E-05 1.31% 98.59% AR
b3 283.68 100.00 607.82 0.08% 6.70E-05 1.31% 98.59% SRS
b4 283.68 100.00 600.42 2.40E-06  3.81E-07 0.20% 99.80% AR
b5 283.68 100.00 600.47 2.40E-06  3.81E-07 0.20% 99.80% AR
b6 285.39 5110.00 600.47 2.40E-06  3.81E-07 0.20% 99.80% AR
b7 283.15 5110.00 600.47 2.40E-06  3.81E-07 0.20% 99.80% ok
b8 283.31 5100.00 27.06 92.46% 3.60% 3.91% 0.02% S
b9 283.68 100.00 7.40 6.95% 0.55% 91.95% 0.56% =
b10 396.38 384.67 7.40 6.95% 0.55% 91.95% 0.56% S
bll 308.15 373.13 7.40 6.95% 0.55% 91.95% 0.56% =
b12 273.15 361.94 7.40 6.95% 0.55% 91.95% 0.56% STAIR S
b13 273.15 361.94 0.04 1.11E-05  1.80E-06 1.03% 98.97% ok
bl4 273.15 361.15 7.36 6.98% 0.55% 92.39% 0.08% S
b15 384.28 1392.28 7.36 6.98% 0.55% 92.39% 0.08% S
b16 308.15 1350.52 7.36 6.98% 0.55% 92.39% 0.08% S
b17 273.15 1310.00 7.36 6.98% 0.55% 92.39% 0.08% S
b18 285.34 1301.04 357.18 450E-05  7.56E-06 2.09% 97.90% AR
b19 285.12 100.00 357.18 4.50E-05  7.56E-06 2.09% 97.90% STAIR S
b20 285.12 100.00 350.39 8.23E-08  2.78E-08 0.21% 99.79% ok
b21 285.12 100.00 350.43 8.24E-08  2.78E-08 0.21% 99.79% AR
b22 285.53 1310.00 350.43 8.24E-08  2.78E-08 0.21% 99.79% ok
b23 283.15 1310.00 350.43 8.24E-08  2.78E-08 0.21% 99.79% AR
b24 283.19 1300.00 0.61 82.19% 6.23% 11.51% 0.07% S
b25 285.12 100.00 6.79 0.24% 0.04% 99.14% 0.59% S
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WCC RGN CO, TiFEREFE AN N 183.51 CNY/t,
MBS A 5L (246.08 CNY /L) AL T 25.43%.
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Tab.6 Energy flow distribution and performance
quantification of the system

RGBT NI it h A R K I
/MW /MW /MW H/(kgls)

FEZEHL 1 3.536 R B B
Hehas HI - - 2359 18.81
FE4ibL 2 3.455 . - .
aE H2 - - 2.109 16.78
FE4EH 3 3.436 - - .
s 03 - . 2.142 17.08
FE4EHT 4 3.398 - - -
P 04 - . 2.258 18.01
fEZRKAL 1 1.665 - ;
A 2 1.689
fZRKAL 3 1.700
EZRKAL 4 - 1.704
WIREE 1 4300 -
AKEHL 1 - 2452
FE4EHL 5 0.749 - - _
Heihgs HS - - 0.606 483
FE4EHL 6 0.702 - - _
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AT H6 -

R 2 0.606 -
IKEEAL 2 - 0.345
R 5 - 0.077 - -
it 20.181 9.632 10.00 79.75

0.531 424
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Tab.7 Comparison of carbon capture performance for
carbon capture between traditional chemical absorption
and the CGH-WCC system

S5 2ER Gk CGH-WCC
CO, flifEfiEkE ~2.6 GJ/t129 290.18 kWh/t
Tk ZE R B0 265 CNY/t /
Tolk H A Y / 0.632 4 CNY/kWh
CO, fli L REFEIRAR 246.08 CNY/t 183.51 CNY/t
CO, S R4l >99.9% 99.72%
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Fig.3 Influence of ambient temperature on specific energy
consumption for CO: capture and heating capacity
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mass fraction in product gas and CO: capture rate
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