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Integration of coal-fired power station and photovoltaic waste

heat assisted amine decarbonization system

XING Chenjian, WANG Ruilin,ZHAO Chuanwen
(School of Energy and Mechanical Engineering , Nanjing Normal University ,Nanjing 210046, China)
Abstract ; In order to deal with the problem of global warming, it is imperative to transform the carbon capture of existing coal—fired power
plants and vigorously develop clean energy. Chemical absorption method is the most mature in carbon capture technology , but its high ener-
gy consumption seriously affects the power generation efficiency of coal-fired power stations. Therefore, some scholars have proposed the
use of clean energy—assisted carbon capture,in which photo—thermal-assisted carbon capture is the most widely used, but this use method
does not play the potential of single photo—thermal utilization. By using a large amount of low—grade waste heat generated in the process
of concentrating photovoltaic power generation to assist carbon capture, the efficiency of the photovoltaic system can be improved while the
low—grade waste heat is effectively used. Based on this research,a new system of concentrating photovoltaics—photovoltaic waste heat di-
rectly assisted carbon capture was conceived,and an energy conversion model of concentrating gallium arsenide—waste heat assisted amine
decarbonization was established to verify the potential of concentrated photovoltaic waste heat directly assisted amine decarbonization in

quality and quantity. According to the sensitivity analysis of heat consumption, the key parameters of the amine decarburization system were
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optimized. The minimum heat consumption could reach 3.7 GJ/t. The influence of battery working temperature and radiation intensity on
the carbon capture performance and photoelectric efficiency of the system was analyzed,and the optimal working temperature of the battery
was determined as 140 °C. By integrating the new system into a typical 600 MW coal—fired power station and comparing it with the refer-
ence system, it can be obtained that compared with a single coal—fired carbon capture ,the power generation efficiency of the power station
is increased by 6.01% ,and the photovoltaic power generation is increased by 185.2 MW ; compared with a single photovoltaic, the photovol-
taic power generation is reduced by 15.79 MW, but the waste heat accounting for 60% of the received solar energy is effectively used,
which can achieve 461.75 t/h CO, capture. The average daily photovoltaic power generation of the new system on a typical day is
61.8 MW ,and the average daily carbon capture capacity is 155.6 t/h. In order to achieve an annual carbon capture guarantee rate of more
than 80% ,the Concentrating photovoltaic area above about 4 km” is required. The new system uses photovoltaic waste heat instead of the
original low—pressure cylinder extraction steam from the power station, eliminating the energy penalty of carbon capture on the power sta-
tion, while converting high—grade solar energy into electricity,and using photvoltaic waste heat in a grade—matched manner. The system fi-
nally realizes the efficient use of solar energy and the parallel clean use of fossil energy.

Key words: amine decarbonization ;solar assisted carbon capture ; photovoltaic power generation ; photovoltaic residual heat utilization ; car-

bon capture in coal—fired power plants
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Fig.1 Schematic diagram of concentrating photovoltaic—residual

heat assisted amine decarbonization system
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Table 1 Comparison between simulation results and experimental results of GaAs battery
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Fig.2 Schematic diagram of energy distribution of direct

assisted decarbonization by solar energy
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Fig.8 Variation of power output and photovoltaic efficiency

with operating temperature of photovoltaic cells
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Fig.9 Variation of heat transfer medium

temperature with irradiation intensity
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Table 5 Comparison of main parameters

and performance of the system

TiH R ROk BRSE
SR/ (W - m™2) — 800 800
B km? — 0.985 0.985
Rt — 200 200
Stk bz R R B MW — 669.85 669.85
JeAk B b TAE R/ C — 25 140
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i L AE/ MW 100 — 100
SR FL I 2 AR % 34.96 — 40.97
AR BB % — 33.34 30.72
etk & ML/ MW — 200.99 185.20
RYE B KRR/ MW 411.98 200.99 685.20
WA R %/ % 85 — 85
CO, iR/ (t-h7") 461.75 — 461.75
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Fig.10 Performance of the new system on a typical day
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Fig.11 Changes in the carbon capture guarantee rate

of the new system with the concentration area

B ARG B AN TR TR S e
BlAt B 1) 07 ST e B iy 1 L il RORE . AR IE I =%
JE 38 3 A DGR A PR L bl T R T Bk 4
Xof LI B BETR AT o MR BH BB =5 1 RE v it o2 B
R FHREREAL hy v, I XA it o2 Y DG AR AR Bt A7 % 11
FIH o MR TGO B AN G B R T K
FH RE Y i M T A B AR A RE TR B AT T A

3 & i

ABIRFE LK BH BE B4 A Bl e dili S A1 7 200 X
G S T RCIR T B e 5 I Bk 5B R 4
177



2021 4F55 2 1A

ik 4 4 H# K

www.chinacaj.net

%27 %

A 3o LR A AU AR AR (1 S A AT, B UE T RO
ARG IRAE TR A0 EL Al B i 12 i e (1) 08 77
FEERIE T OGAR H s AR BE B e R iR R 0 el B
AE LA SO AR R AL, 38 A X B 600 MW
I SRR S AT ek, S S LR G LR R T
ARG, T X8 RS AE A H K2R iE
FIVEREHET T VFAL  BARZS T .

1) 383k X5 2 58 Wt ae i AR AT B 1T S EAAE
RGP ATTAT H BRAR (RIS AT S50, HOG I ) S5 I P
HEIRFER 3.7 G/t

2) L5 A R AR sl DA KGR 2 v B A
PERERFZIA 4 5 SO AR — 4 P By e 1ok It ok 3%
e ny AR T AR 140 C

3) B RGARE T — IR S R 4, b &
AR $E T 6.01 4> A 43 a5, [ B 35 m 56 AR & H
185.2 MW ; 5 81— fR A L R 40 LA, IR A L
HFEAL 15.79 MW [HATSZHE CO, e 461.75 t/h,

N IO N E R - N
61.8 MW, H #4JBRAEE 10 155.6 v/h, R SL BRAFRR Al
EHIE IR 80% VL b, T E 2 4 km® LU L B
T

2% L # ( References) :

[1] EA I World energy outlook 2019.[ 2020-09-29 ] .https://www.
iea.org/reports/ world—energy—outlook—2019.

[2] HUANG B,XU S S,GAO S W, et al. Industrial test and techno—e-
conomic analysis of CO, capture in Huaneng Beijing coal —fired
power station[ J]. Applied Energy,2010,87(11) ;3347-3354.

[3] SAGHAFIFAR M, GABRA S. A critical overview of solar assis-
ted carbon capture systems:Is solar always the solution? [J]. In-
ternational Journal of Greenhouse Gas Control ,2020,92.21.

[4] ZHAIR R,LI C,QIJ W,et al. Thermodynamic analysis of CO,
capture by calcium looping process driven by coal and concentrated
solar power[ J|. Energy Conversion and Management,2016,117;
251-263.

[5] ZHAIR R,QI J] W,ZHU Y, et al. Novel system integrations of
1 000 MW coal~fired power plant retrofitted with solar energy and
CO, capture system[ J]. Applied Thermal Engineering,2017,125.
1133-1145.

[6] KHALILPOUR R,MILANI D,QADIR A,et al. A novel process for
direct solvent regeneration via solar thermal energy for carbon cap-
ture[ J]. Renewable Energy,2017,104:60-75.

[7] WIDYOLAR B K,ABDELHAMID M, JIANG L,et al. Design,sim-
ulation and experimental characterization of a novel parabolic
trough hybrid solar photovoltaic/thermal ( PV/T) collector [ ] .
Renewable Energy,2017,101:1379-1389.

[8] BUONOMANO A,CALISE F,PALOMBO A. Solar heating and cooling
systems by CPVT and ET solar collectors: A novel transient simula-

tion model[ J]. Applied Energy,2013,103:588-606.
178

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

FADHEL M I,SOPIAN K,DAUD W R W, et al. Review on ad-
vanced of solar assisted chemical heat pump dryer for agriculture
produce[ J]. Renewable & Sustainable Energy Reviews, 2011, 15
(2):1152-1168.
GREEN M A. X FHHL AR B, TZRRGERI [ M]. 2
75 3P AL Tl R At 1987 :263.
GREEN M A. Solar cell working principle, process and system
application|[ M].LI Xiuwen Translate. Beijing: Electronic Industry
Press, 1987.263.
SINGH P,RAVINDRA N M. Temperature dependence of solar
cell performance — an analysis [ J ]. Solar Energy Materials
and Solar Cells,2012,101 :36-45.
MAROS A,GANGAM S,FANG Y ,et al. Hightemperature charac-
terization of GaAs single junction solar cells [ C]//2015 leee
42nd Photovoltaic Specialist Conference ,New York ;: IEEE,2015.
PR/, RIHGERIBH I M]. R i, LigsciE
2 AL, 2011
JENNY Nelson.The physics of solar cells{ M]. GAO Yang Trans-
late. Shanghai; Shanghai Jiao Tong University Press,2011.
SHEN K, LI Q, WANG D, et al. CdTe solar cell performance
under low—intensity light irradiance[ J]. Solar Energy Materials
and Solar Cells,2016,144.:472-480.
GREEN M A,EMERY K, HISHIKAWA Y et al. Solar cell effi-
ciency tables( version 37) [ J]. Progress in Photovoltaics, 2011,
19(1) :84-92.
LI W J,HAO Y. Efficient solar power generation combining pho-
tovoltaics and mid —/low —temperature methanol thermochemistry
[J]. Applied Energy,2017,202.377-385.
LI W J,HAO Y. Explore the performance limit of a solar PV —
thermochemical power generation system [ J ]. Applied Energy,
2017,206:843-850.
AERHESC. AR R FH RE S R A AL R R A D]
b5 BB, 2012,
ZHAO Yawen, Thermodynamics investigation on integrating mid—
temperature solar thermal energy and coal —fired power system
[ D]. Beijing: University of Chinese Academy of Sciences,2012.
DUGAS R E. Pilot plant study of carbon dioxide capture by aque-
ous monoethanolamine [ D ]. Austin; University of Texas at
Austin,2006.
FREGUIA S, ROCHELLE G T. Modeling of CO, capture by
aqueous monoethanolamine [ J]. Aiche Journal, 2003,49(7):
1676-1686.
LI B H,ZHANG N,SMITH R. Rate-based modelling of CO, capture
process by reactive absorption with MEA[ J]. Chemical Engineer-
ing Transactions,2014,39.13-18.
PINSENT B,PEARSON L,ROUGHTON F. The kinetics of combina-
tion of carbon dioxide with hydroxide ions[ J]. Transactions of the
Faraday Society,1956,52.:1512-1520.
HIKITA H, ASAI S,ISHIKAWA H,et al. The kinetics of reactions
of carbon dioxide with monoethanolamine , diethanolamine and tri-
ethanolamine by a rapid mixing method [ J].The Chemical Engi-
neering Journal,,1977,13(1) .7-12.
LI K, LEIGH W, FERON P, et al. Systematic study of aque-



TRt 45 - JORARE PRt 5 SR A AT B MV I ok 22 S 4 B

www.chinacaj.net

2021 4F55 2 #

[25]

[27]

ous monoethanolamine ( MEA ) — based CO, capture process:
Techno — economic assessment of the MEA process and its im-
provements[ J]. Applied energy,2016,165 :648-659.
ABU-ZAHRA M R,SCHNEIDERS L H,NIEDERER J P et al.
CO, capture from power plants. Part I: A parametric study of the
technical performance based on monoethanolamine[ J]. Interna-
tional Journal of Greenhouse gas control,2007,1( 1) :37-46.
JASSIM M S,ROCHELLE G T. Innovative absorber/ stripper config-
urations for CO, capture by aqueous monoethanolamine[ J]. In-
dustrial & Engineering Chemistry Research, 2006, 45 (8 ):
2465-2472.

TOBIESEN A,MEJDELL T,SVENDSEN H F. A comparative st-
udy of experimental and modeling performance results from the
CASTOR Esbjerg pilot plant[ C]//8th International Conference
on Greenhouse Gas Control Technologies. Trondheim , Norway; [ s.
n.],2006.

ZHAO Y W,HONG H,ZHANG X S, et al. Integrating mid—tem-

[29]

[30]

[31]

perature solar heat and post—combustion CO, —capture in a coal—-
fired power plant[ J]. Solar Energy,2012,86(11) :3196-3204.
PEETERS A N M,FAAIJ A P C,TURKENBURG W C. Techno-e-
conomic analysis of natural gas combined cycles with post—com-
bustion CO, absorption, including a detailed evaluation of the de-
velopment potential[ J ]. International Journal of Greenhouse Gas
Control ,2007,1(4) :396-417.

FEGHR. SR ILAN RGN I 75 5 7R 4R IR SR A F2 3l i 45
B[ D]. b5t i EREBE R, 2019.

WANG Ruilin, The evaluation of solar —aided coal —fired pow-
er generation system and the active—regulation mechanism of the
solar concentrating and conversion [ D ]. Beijing: University of
Chinese Academy of Sciences,2019.

MOKHTAR M,ALI M T,KHALILPOUR R, et al. Solar-assisted-
post— combustion carbon capture feasibility study [ J]. Applied
Energy,2012,92.668-676.

179





