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Coupling system of power generation, decarbonization and heat supply integration
in new coal-fired power plant
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Abstract: With the increase of energy demand, the accompanying environmental problems are also increasing. The CO,
generated by combustion is the direct source of greenhouse gases, and coal-fired power plants are the main source of car-
bon emissions, and a lot of waste heat is generated in the production process. The decarbonization system of coal-fired
power plant and the cogeneration system have similar heat source temperature requirements. Therefore, the waste heat
generated in the process can be recycled while controlling the carbon emissions of the coal-fired power plant, and the heat-
ing capacity of the system can be improved. Based on the power generation system of coal-fired power plant, solid amine

absorbent decarbonization system and primary/secondary heating system, an integrated coupling system of power genera-
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tion, decarbonization and heating is proposed innovatively. The back-pressure heating steam turbine and back-pressure de-
carburization steam turbine are introduced to replace the low-pressure steam turbine, and the exhaust steam of the back-
pressure heating steam turbine and the back-pressure decarburization steam turbine provide heat sources for the heating
process and the decarburization process respectively. On the premise of ensuring decarbonization capacity, the power gen-
eration capacity loss of the coupled system is significantly reduced. In order to further improve the thermal performance of
the coupling system, the absorption heat transfer technology is used to recover the low-temperature waste heat released by
the decarbonization system and improve the heating capacity of the coupling system. The calculation results show that
more than 90% of the low-temperature waste heat released by the system is recovered by the new power-decarbonization
and heat-supply coupling system. The heating capacity of the system is increased from 785.06 MW to 1 288.94 MW, and

the heating capacity is increased by 65%.
Key words: post-combustion CO, capture; combined heat and power generation; waste heat recovery; absorption heat

exchange; carbon neutrality
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Table 1 Overall performance parameters of 1 000 MW coal-fired power plant
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Fig.2 Flow chart of decarbonization system based on solid amine adsorbent
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Fig.3 Flow chart primary/secondary heating system
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Fig.4 Coupling system of power generation, decarbonization and heating (Coupling scheme A)
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Fig.5 Optimized power-decarbonization and heat-supply coupling system (Coupling scheme B)
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Table 3 Detailed temperature distribution of Case B

SR Yy A J& J1/MPa R B/t hh

P1 IR 0.583 291.1 1857.64
P2 IR 0.583 291.1 1 194.64
P3 R 0.583 291.1 663.00
P4 IR 0.476 267.6 541.17
P5 IR 0.476 267.6 653.47
P6 R 0.270 207.0 663.00
P7 K 1.288 150.1 541.17
P8 K 1.288 150.1 653.47
P9 K 1.288 130.1 663.00
P10 K 1.288 141.0 65.88
P11 K 0.900 130.0 10 993.45
P12 K 0.900 55.0 10 993.45
P13 K 0.900 130.0 572.00
P14 K 0.900 55.0 1 500.00
P15 K 0.900 75.0 1 500.00
P16 K 0.900 55.0 402145
P17 K 0.900 75.0 402145
P18 K 0.900 75.0 5521.45
P19 K 0.900 130.0 5521.45
P20 K 0.900 55.0 4900.00
P21 K 0.900 130.0 4900.00
P22 K 0.900 50.0 4122543
P23 Vi 0.900 70.0 4122543
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Fig.6 Working principle of absorption heat exchanger
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Fig.7 New power-decarbonization heating coupling system (coupling scheme C)
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x4 BEFRCHEHBEESH
Table 4 Detailed temperature distribution of Case B

BHUE YIRS [E41 /MPa BT /°C FRARRE (e b
Ql IR 0.583 291.1 1857.64
Q2 A 0.583 291.1 1 194.64
Q3 K 0.583 291.1 663.00
Q4 2R 0.476 267.6 531.61
Q5 IR 0.476 267.6 426.49
Q6 7515 0.476 267.6 236.54
Q7 IR 0.270 207.0 663.00
Q8 K 1.288 150.1 531.61
Q9 7K 1.288 150.1 426.49
Q10 7K 1.288 150.1 236.54
Q11 7K 1.288 130.1 663.00
Q12 K 1.288 141.0 65.88
Q13 K 0.900 130.0 10 478.94
Ql4 K 0.900 25.0 10 478.94
Qls 7K 0.900 130.0 587.50
Ql6 7K 0.900 25.0 1 400.00
Q17 7K 0.900 75.0 1 400.00
QI8 K 0.900 25.0 7221.45
Q19 K 0.900 55.0 722145
Q20 K 0.900 55.0 4021.45
Q21 7K 0.900 75.0 4021.45
Q22 7K 0.900 75.0 5421.45
Q23 7K 0.900 130.0 5421.45
Q24 K 0.900 55.0 3200.00
Q25 K 0.900 130.0 3.200.00
Q26 K 0.900 25.0 1270.00
Q27 7K 0.900 130.0 1270.00
Q28 7K 0.900 50.0 55014.43
Q29 7K 0.900 70.0 55014.43

B i, g RGEEM, CO, FRARAHIA. CO,-H,0 %
BEAPFN GRS E A [P 43 HA B T 54,70,
34.82. 93.35 MW, {H i TR IS PR R i, i
ISR 33.53%. #RETTEE C SR M e 44
i, B — I K AR TR P 22 25 °C, Kim 2 T
B R Ge A O —J7 T, = 8 mT s T R
AR (251.02 MW); @ J5 — 7 T, BEARALRInHA 2%
RV Ui UL AT ) T B ke R SR IR AR P [l i, O, T
AV HAT AN CO,-H,0 B HEA I M R &
% B Y 54.70 MW Fl 34.82 MW 42 T+ ZFEG T %E C
() 78.34 MW F1 81.16 MW; LA b 5 R ffi 15084 7 %
C AR AR T 92.40%, M THIA T % B

RIS AR KT 58.87%

FER ST HERE T, M TR TR A A TR
B 7E4EEF 525.01 MW & HLEIRTHE T, REAHEHLRE
J1H1 785.06 MW 42T} & 967.94 MW; i k& 7% C
AR ARG TS B 1 33.53% T+ E 92.40%,
i3 Za b ne S iE— LT = 1 288.94 MW,
E— L T R L UT AR, ARG I T LT

4 & &

-l

(1) JE TR TR B R G AP e SR Bt e
ARGV L — 0 R AR G, $R T — A - -
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Table 5 Comparison of thermal performance of the new generation - decarbonization - heating coupling system
WAERS
TiH
A B c
COJRARR HIARIAREIMW 105.54 105.54 105.54
) ‘ CO,-HOREERIREHU/MW 95.42 95.42 95.42
Motk R G AR AR )
WA HI AR/ MW 93.35 93.35 93.35
W A A AR T/ MW 251.02 251.02 251.02
COJEAR HIAFARI/MW — 54.70 78.34
CO,-H,OW BEAHA /MW — 34.82 81.16
Ttk 7 G A A i o
WG AR AR S/ MW — 93.35 93.35
W IO AR Dl MW — — 251.02
AR % — 33.53 92.40
#I e /MW 785.06 967.94 1288.94
Bk L E/MW 525.00 525.00 525.00

ek — IR G R 58, JER UG S A A —
AR TG RGNS B

(2) PG AS LA 2B AR A LR HE
S BH0 B 5 HEI ZR G N BB 22 50 00 5 3R S 500
DERC, m] AR A HER 2R G R BERR 22 58 O RIR, LA 21

(3) BIAE AP A AU T e Bk e bl
BRAR PR FE LI SERERR & 5 28, 16553 90% Rl
BT, AUE K 19.32% K BSCRIE, BASN"
i 785.06 MW Lt

(4) FRHEIARE i A0 A0 — VR A DAt — 2 [l it
fik R AR AR PIE U R B, S R At AGE
F1M 785.06 MW #2553 967.94 MW, fELLE/INGICHY
P B2 B ERE

(5) R M At ARG AR E— 25 S AL 90% LU
AR R RER RR AR PIE BT S C, A REW
HEIAGE 1N 967.94 MW 27+ 5 1 288.94 MW, LAk
1Tt 65%, FTRERCR 3 .

5% X #k (References):

[1] AN Q X, ZHU K F, XIONG B B, etal. Carbon resource reallocation
with emission quota in carbon emission trading system[J]. Journal of
Environmental Management, 2023, 327: 116837.

[2] The Chinese government net: http://www.gov.cn/xinwen/2021zccfh/
30/index.htm.

[3]1 YADAV S, MONDAL S. S. Review on the progress and prospects of
oxy-fuel carbon capture and sequestration (CCS) technology[J]. Fuel,
2022, 308: 122057.

[4] CAOMY,ZHAO L H, XU D W, et al. A reactive separation pro-

cess for pre-combustion CO, capture employing oxygen-blown coal

[3]

(6]

(7]

(8]

9]

[10]

(1]

gasifier off-gas[J].
127694.
TIWARI S C, BHARDWAIJ A, NIGAM K D P, et al. A strategy of

Chemical Engineering Journal, 2021, 420:

development and selection of absorbent for efficient CO, capture: an
overview of properties and performance[J]. Process Safety and Envir-
onmental Protection, 2022, 163: 244-273.
JME, B, EEVL, AF BETHEAR R E AARBER 660 MW B I
ST R G T D). 3 ) TR, 2023, 43(10):
1276—1284.
LU Xiong, WEI Bo, WANG lJianjiang, et al. Structure optimization
analysis of thermal system in a 660 MW ultra-supercritical boiler
with Zhundong coal oxygen-enriched combustion[J]. Journal of
Chinese Society of Power Engineering, 2023, 43(10): 1276—1284.
ZEHR, BT, ST, A, SO A PRI e B R K R
U], BER2A4R, 2022, 47(11): 3906-3913.
LI Lin, DUAN Lunbo, WU Wangiang, et al. Model on devolatiliza-
tion of coal particle in fluidized bed under pressurized oxy-fuel com-
bustion[J]. Journal of China Coal Society, 2022, 47(11): 3906—3913.
REN L X, CHANG F L, KANG D Y, et al. Hybrid membrane pro-
cess for post-combustion CO, capture from coal-fired power plant[J].
Journal of Membrane Science, 2020, 603: 118001.
SRR, e, XAy, 55, BRI B B AR AR B A FH i
BT, 2R, 2022, 47(4): 1430-1451.
SANG Shuxun, YUAN Liang, LIU Shigqi, et al. Geological techno-
logy for carbon neutrality and its application prospect for low carbon
coal exploitation and utilization[J]. Journal of China Coal Society,
2022,47(4): 1430-1451.
GOTO K, YOGO K, HIGASHII T. A review of efficiency penalty
in a coal-fired power plant with post-combustion CO, capture[J].
Applied Energy, 2013, 111: 710-720.
HU Y, ZHANG L B, LV H, et al. A low energy consumption de-
carbonization natural gas combined cycle power generation system
based on LiBr/H,O absorption heat transformer[J]. International

Journal of Greenhouse Gas Control, 2021, 109: 103389.


https://doi.org/10.1016/j.jenvman.2022.116837
https://doi.org/10.1016/j.jenvman.2022.116837
http://www.gov.cn/xinwen/2021zccfh/30/index.htm
http://www.gov.cn/xinwen/2021zccfh/30/index.htm
https://doi.org/10.1016/j.fuel.2021.122057
https://doi.org/10.1016/j.cej.2020.127694
https://doi.org/10.1016/j.psep.2022.05.025
https://doi.org/10.1016/j.psep.2022.05.025
https://doi.org/10.1016/j.psep.2022.05.025
https://doi.org/10.1016/j.memsci.2020.118001
https://doi.org/10.1016/j.apenergy.2013.05.020
https://doi.org/10.1016/j.ijggc.2021.103389
https://doi.org/10.1016/j.ijggc.2021.103389

4262 % £ Z % 2024 4F45 49 %

[12] XU C, LI X S, LIU X, et al. An integrated de-carbonization super- 744-754.
critical coal-fired power plant incorporating a supplementary steam [19] EARDLEY S, CHOIJ K, HONG T, et al. Decarbonization potential
turbine, process heat recovery and a modified boiler structure[J]. of regional combined heat and power development[J]. Renewable
Applied Thermal Engineering, 2020, 178: 115532. and Sustainable Energy Reviews, 2024, 189: 114038.

[13] WUY, CHEN X P, MA T L, et al. System integration optimization [20] ASADI J, KAZEMPOOR P. Advancing power plant decarboniza-
for coal-fired power plant with CO, capture by Na,CO; dry sorb- tion with a flexible hybrid carbon capture system[J]. Energy Con-
ents[J]. Energy, 2020, 211: 118554. version and Management, 2024, 299: 117821.

[14] WUY, CHEN X P, MA J L, et al. System integration for coal-fired [21] BEkess, Eomi, XM, X0 Tz, THE, 2023 61471 ik i 2.
power plant with post combustion CO, capture: Comparative study T T3 550 20 FOBHR], &5 LRI &E 4001 iR
for different solid dry sorbents[J]. Fuel, 2020, 280: 118561. BRI RE. 2023

[15] ARt EAH, I 55 ZIRM B EIR S 5 1 £ 5 4 R U IR [22] SHETRERACER R 2. T B R X b UL b
DLALTRR S MATRE). T REHL 2024, 45(2): 171182, A7 P HI[EB/OL]. (2023-10-26)[2024-08-08], hitp://www.
REN Hongbo, WANG Nan, WU Qiong, et al. Collaborative optim- heze.gov.cn/0530/2c908088819842701819a1ddd0e000£/17177406
al scheduling and cost allocation of multiload aggregator consider-
ing ladder-type carbon trading[J]. Electric Power Construction, 2024, 57164‘1103680.html. o
45(2): 171-182. [23] ERH, BRI, il 5E, 55, BT A bR AR SRR R S AR

[16] GE Z H, ZHANG F X, SUN S M, et al. Energy analysis of cascade AR, AL THERE, 2020, 39(2): 720-727.
heating with high back-pressure large-scale steam turbine[J]. Ener- XIE Weiyi, CHEN Xiaoping, MA Jiliang, et al. Waste heat recov-
gies, 2018, 11(1): 119. ery from sodium-based CO, capture process in coal-fired power

[17] 255, XUBGL, 95 /NE, 6. AR RBIT % 4 Pt PM, § 6255 plants[J]. Chemical Industry and Engineering Progress, 2020, 39(2):
I T 2 5% 9 B Lo B 17 4 9 1), S BR R 24, 2023, 7207727,

14(5): 626-638. [24] XU G, XU C, YANG Y P, et al. A novel flue gas waste heat recov-
LI Rui, LIU Suixin, SU Xiaoli, et al. The effect of meteorological ery system for coal-fired ultra-supercritical power plants[J]. Ap-
conditions on PM, s and other air quality factors in winter heating plied Thermal Engineering, 2014, 67(1-2): 240-249.

period: a case study of Xianyang City[J]. Journal of Earth Environ- [25] LIY,FUL,ZHANG S G, et al. A new type of district heating meth-
ment, 2023, 14(5): 626—638. od with co-generation based on absorption heat exchange (co-ah

[18] KABEYI M J B, OLANREWAIJU O A. Cogeneration potential of cycle)[J]. Energy Conversion and Management, 2011, 52(2):

an operating diesel engine power plant[J]. Energy Reports, 2022, 8:

1200-1207.


https://doi.org/10.1016/j.applthermaleng.2020.115532
https://doi.org/10.1016/j.energy.2020.118554
https://doi.org/10.12204/j.issn.1000-7229.2024.02.015
https://doi.org/10.12204/j.issn.1000-7229.2024.02.015
https://doi.org/10.3390/en11010119
https://doi.org/10.3390/en11010119
https://doi.org/10.1016/j.egyr.2022.10.447
https://doi.org/10.1016/j.rser.2023.114038
https://doi.org/10.1016/j.rser.2023.114038
https://doi.org/10.1016/j.enconman.2023.117821
https://doi.org/10.1016/j.enconman.2023.117821
https://doi.org/10.1016/j.enconman.2023.117821
http://www.heze.gov.cn/0530/2c908088819842f701819a1ddd0e000f/1717740657164103680.html
http://www.heze.gov.cn/0530/2c908088819842f701819a1ddd0e000f/1717740657164103680.html
http://www.heze.gov.cn/0530/2c908088819842f701819a1ddd0e000f/1717740657164103680.html
https://doi.org/10.1016/j.applthermaleng.2014.03.038
https://doi.org/10.1016/j.applthermaleng.2014.03.038
https://doi.org/10.1016/j.enconman.2010.09.015

	1 电厂热力系统、脱碳系统和供热系统简介
	2 发电−脱碳−供热耦合系统
	3 基于吸收式换热技术新型耦合系统的集成优化
	4 结　　论
	参考文献

