ERIE:TRY o R Vol.31 No.4

20254E 4 H Clean Coal Technology Apr. 2025

ETFHEBR] CO,HBESRELF ANFBBE -1k
SEER S

KEER, HER 2 B, ARV EIR, IFR RRT
(LUEBA T 2B Hshfb2aBe, Y95 W% 223003; 2.4 Ko REIR 5 EREE24 B, RE IRV S S AR IR S B R E 0 S0 828, VI RS A 210096
3R TR R 5 TR ABE, T8 M AT 211816)

WO OEREE ) CO, AL R RAA A ZI M BAEL TR, ABEREEE T CO, HE
5 FRAH AL RAEL 25 R, B —FIK THREE T CO, &L T RAH A o #7 2 b, -
WL IR T R, AMIESR T §RIRBE AL THARRKEBH R RLEZ CO, mAF FTERAAHTFR
st &, KRBT o TR T #HA &AL S K= RANERRATFR, FF o RZFak, &
WA Ty, KPR T g BB 42 49 CO, Ao T B A AR R K W R = £ 69 H, A AE CO, Am Eh) F 8%
Kb E A& A O, B THME R 65 8RN, AfvE o @, ke ) 4 CO, mAdfE P42
e, Fa i F, CO, Am BT A2 09 A BAR DI B R BE &, | Fo b 34 2 5, FRBUE S0 R o b, A 57
SR BT, 80% MIEY T F AR E 69 CO, TH TA = VB, FT4RH A R L e hAt R i g
¥, AT EE B E 600 MW, ¥RBE & T 69 55 s ARAL, BT 3% 5 K 6958 8 & & ALK A F B = & 5 5 ik 3
449.06 MW,.217.17 MWy, #= 201.70 t/h, ZILT W - Aoy BB =342 MO ER T+, b T4
ARG R T BN R TR A, Tt Z09 K R A £ 63.26 £ 70/ MWh, 1K T % HURBE® )~ CO,
BEAE ARG R WA R, &1 TR F %P CO, mAHR FTEE AL T 4 T CO, RAMAFIAS) A
A, T B AT £ 696.71 £ 7U/t, W, T A £ fL R /K o ff ) BLay H, M A& x5 7 B s R LR i R
ooy, AR Hy AT 3 A - AL SR F R A G IR N EXETE,

KB E T CO, W E AT RACA] A 5 & BIRIE CO, 445 T A AR AR B M, &5 FEE,; K2
AT

FESES:X773; TKI1  XEERERE: A XEHS:1006-6772(2025)04-0181-12

New polygeneration system for CCUS in coal-fired power plants
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Abstract: Carbon capture and utilization in coal-fired power plants is of great importance for achieving the ‘double carbon’ goal. To
reduce energy consumption and economic cost of Carbon capture and utilization in coal-fired power plants, a new polygeneration scheme
for simultaneous generation of electricity, heat and methanol is proposed. Based on oxy-fuel combustion coal-fired power plant, water
electrolysis of the renewable energy and methanol generation sub-systems, systematic integration and optimization of the polygeneration
scheme is conducted by numerical calculation for thermodynamic and techno-economic analyses. For mass balance, CO, from oxy-fuel

combustion of the coal-fired power plant and H, from water electrolysis of the renewable energy are used for methanol generation. O,
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from water electrolysis of the renewable energy is used for oxy-fuel combustion of the coal-fired power plant. For energy balance, the coal-
fired power plant provides electricity and heat for the methanol generation process. Besides, the exhaust energy of the methanol generation
process is used for additional electricity generation and heat supply. Thermodynamic analysis results show that the nearly 80% of the
captured CO, from oxy-fuel combustion of the coal-fired power plant could be used for methanol generation, which proves the excellent
matchup of the proposed scheme. Based on integration and optimization in a gross 600 MW, coal-fired power plant, the net electric
output, heat supply and methanol generation in the proposed scheme reach 449.06 MW,, 217.17 MW, and 201.70 t/h respectively, which
realizes the polygeneration of electricity, heat and methanol. Techno-economic analysis results illustrate that the electricity cost of the
proposed scheme is decreased to 63.26 $/MWh due to additional benefits from heat, which is lower than the conventional electricity cost of
the coal-fired power plant with CO, capture. Besides, the methanol cost of the proposed scheme is decreased to 696.71 $/t due to the saved
CO, cost and fuel cost. Besides, the methanol cost is mainly dependent on the H, price by water electrolysis of renewable energy and
reduction of H, price is significant for industrial application of the proposed scheme.

Key words: coal-fired power plants; carbon capture and utilization; oxy-fuel combustion CO, capture; water electrolysis of the renewable

energy; methanol generation by green energy; thermodynamic and techno-economic analyses

0 35l

R E, BT CO, HEm R 4 E S HE
(1 40% LI, R HESERBE LT CO, XS
B/ 7N (- e S A S R v S S S Y
BT

BRI CO, WHER AR ] 43y — A A A A A
$ 474 K (Carbon Capture and Storage, CCS) (2-4]
=& Ab B dA 4R RN B VR AL R B2 R ((Carbon
Capture Utilization, CCU) *”', 15 CcCS HAAM I,
CCU B ANG A 1) CO, e fb A vm B B} ik 27
d, FAATEINT R A Tl R TS . b, DU
i (Power to Liquid, PTL) FlH | < ( Power to
Gas, PTG) H{AR#& %K. #WH , PTL/PTG iR
i3 AR @ WBREERT S COyi @
AT FRA: RR IR K LR Hy; B CO, AR Wil & 4k
G,

EAESE, W BRI CO, i 4R
CO, INE Lt S AL A P ST e TG . X
ST CO, WAE T, FEIE @bt . B AR
BE VL SRS 5 HORTE BRI e () ik F2 rh 528l CO, il
£, HEMRBGS AN CO,. IRFRAREED i T —
ol H - - HERA R A T 2, S AT RAREEAL
ik R 40 S AR SRR, IF B R R G
AR L St R G iy b o TRy = [k
T 90% ik RGN AR, HAEMRG M HHGE
TR T 65%. YUAN %51 8 T SRR 5 SR
RAG RN, KA RS TG R
SR AT B LAY 25 SRS, B ARy
SIHTIMHEAR . TERRIMZGK, BRIE TIEFR R
U 28T T e & FUR e O 7 2245 B P 0%
PAK B R BRI B R T 0.42% F1 1.29% . Fsdh
et P R T I TR G R TR A . B

182

i1

A BEA R, it [ CO, W FF BN PRt Rk 4
R G50 BN L FEREARE 413.79 kKWh/tCO,. R, Kt
W R G — A A RS, AR R A7
f HLFERAIR 2 247.54 KWh/tCO,, CO, fHiEETEEIE
FIAREAR T 33.77%. §1%F CO, a4 = E L&
Yrsid, HAER S CO, 5] AR BEIE K B ™
A1 H, B CO, A AR A AR 84 BT
KRS, LB CO, MIVEIRALFIRT . BRI B itk
T CO, i & il BB ) S B Bl Jy AR, ST T
CO, T HI HF BEAGFR T 25, alad A Hi B B s It
BLfEm TR T AT 4R, 45 HE
SN g T AR A S R 4y 2RO 8 fiT 75 40
1t FEREAE PR 86.2%, T2 EAEW WA P fEFE N
4.84 GJ/t. Zo 745 BT R 4R A S B LS
# TSGR ARG, I T AT Ak E
SRR BT VLK T3 756
SyHT, 5 AR S B R AR R R
%, RGRHEOE AT 57.50%, AF B AR 5N
15.92%. YUSUF %" i i} Cu/ZnO/ALO; ALk
T CO, AR HBET 25, KB % P IE 24 1)
CO,/H, L1l Gt At F B 7 20 CO, 5% A3 43 Sl ik
£ 99.84% F1 95.66%. ULAL, ik has2h i RENS
HE— A 63% M RE IR TS FE, JFFRAK 97.8% 1Y
CO, HEML . SR, FEad LM mroR s, BRIER T
CO, FHERFN CO, MAA IR S LA Wy i 55 38 5 2
SYFFREAT Y, BRI CO, iE S Co, A
A PR AL B i AR S o 2R G A RS AR B
FARIER >, HT PTL/PTG & F, 2 Fh T2 220
1) 22 G 5 FCRE A6 S IR S A 0 R DL i I35 31 (B 25 1Y)
TIRERCR

2B LSS ABE CO, MR AR COo, A
M B A, 3T PTL LSRRI Co, ik
B UG ACR I BB B - 2 T S . TR T



FRAESE AR SIETARI L CO, i 5 W ILA I AE R - AL 2™ R 58

2025 45 4 1

R Z AT O PkHEE 7, AR w
SR BE PR AR CO, A AT B A AR R K HRL A 7 AR Y
H, FIfE CO, &l R iy JekE s K Ha fige = A iy |l =
Yo, I THRBE ) 0y e ke, WA TR0 H
AR ; @ e AR TH, HABEH) R
CO, INE A Sy i, Co, A/
RGN BRI ) FR B R LI R 5,
RBUSAM A B AR 2 10T 43 M2 55 oA
EFT T R AT, IR O, il S
TEAEA B HE T — 451 REIHE A 2R 1R .

1 TZimiEHA

L1 BRIER] E SR Co, ERA

AR LAY 600 MW, SRR ) 1A IF 5T 5t
o WA 1 PR B B PR BE I R R, R IR
AR . K BERI IR I B R, IR
PR A A R R R R Ak, =8
STRER DRI TR, AT i

.

—1—— 45K

A
Al—/KVBE; A2— iR FEs: A3—m IR AR,
A4 RIR T A AS— R 0 Ae—H
AT—Z A A8—TR UL A9—H Ry TAE AL
BI1 R e AR b e A
Fig. 1 Boiler system in coal-fired power plant
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Fig. 3 Flow diagram of CO, hydrogenation to methanol process
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Table 2 Parameters of CO, hydrogenation to methanol

system
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hydrogenation to methanol system
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Fig. 4 New power-heat-chemicals polygeneration scheme
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Table 4 Main parameters of boiler system under air

combustion and oxy-fuel combustion configurations
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FEAIRZE 53.05 t/h, HREFEHLE B EH 157.11 MW,
HANZE 160.28 MW,; R4 5~ 8 5 [HIHIn 2% (14
R, (5 COo, A FRER S AR
G HI SRR T 217.00t/h F163.00t/h, i
TRHVRHHL L HL R Y 249.38 MW, [KZE 214.99 MW, .
A, 35 R O, 33 F 1 & Hi 743 51 1k 3
T 26.72 MW, Fl 12.73 MW, 7% i —#h b Z2 1
JTEME K MNEETE 600.00 MW, B9 E
608.23 MW,

FEJR IR TR, TR EEE SR 30.00 MW, A

187



F31%

2025 4F4f5 4 0] &b H A
1775 t/h
9319 th oo
55°C 50 °C
85 °C 80 °C 9319th o
IR H
7 544 t/h
41.78 MW, : NELS
@ occ | % " 7544 th
= 60 °C
1775 th,
110 °C H5 - .
® W] 6sc
25°C
: [ AL
175.38 MW, &Llézftmm‘ )
(a) Bl T
W ot

60 °C, 7 544 t/h —
IR K %
68 °C, 7 544 t/h —

21.5kPa, 125 °C, 98.6 t/h
TR

21.5 kPa, 61.6 °C, 98
K

2.3 kPa, 20 °C, 98.

B

.6 t/h

X

6t/h

55°C, 1775 t/h—
—RFRIK
25°C, 1775 t/h—

L 85°C, 1775 t/h
§ —IRFRPIK
—130°C, 1 775 t/h

21.5 kPa, 125 °C, 907.9 t/h

21.5 kPa, 80 °C, 1 006.5 t/h

TR BRIR IR

TR TR

21.5kPa, 98.3 °C, 907.9 t/h
ALV

2.3kPa, 74.7°C, 907.9 t/h
BRI

21.5kPa, 58 °C, 1 006.5 t/h
LRI

2.3 kPa, 58 °C, 1 006.5 t/h

TR TR

|2

2.3 kPa, 20 °C, 98.6 t/h
T

L 60 °C, 7 544 t/h
g ZIRFRRIK
L—50°C, 7544 t/h

A

(b) W B A F S 4
K5 RUREHRET

Fig.5 Absorption heat exchange unit
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20X B A H - 2 O R R AT 4y
Mr, T RARTHBERR ™ o, A SCRB B
AL Z I T A R TR BT, RA
K HL A (Cost of electricity, COE ) FI H i pl A%
( Cost of methanol, COM ) PFAl & T HRE. 1L
Hb, T AR R A T DA
B, RS R G 2 PR T R &R ) o B R
HIG,
4.1 EZBETTHEZEFIERE

KHEBITR PR i & AR (COE)
WA

COE=Cryg1p+Cppp.p+Cosp (1)

HH: COE MEHMA, FIL/MWh; Cep » B
BHRA, EIC/MWh; Coep AHTIHMAS, 35T/
MWh; Cosnr MBI THEF BIA, FEIC/MWh,
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Table 5 Thermal analysis of new power-heat-chemicals

polygeneration scheme

¥ gt A
EQ I S

R/ ) 1677.54 1677.54
PR/t - ) 1400.30 1400.30
VS AR/ (- b7 104.23 104.23
2SR/ - b 145.79 145.79
3SR/ (- h ) 60.88 60.88
AT/t - h ) 78.86 53.05
ST /(- h ) 82.50 —
6 IMAAHIE /(¢ - h) 40.64 —
7E AR/ (- h ) 54.61 —
SRR/t - h ) 35.54 —
RS T T R (L b — 217.00
PR GFTAE/(t - h ) — 63.00
R IREE LR B /MW, +193.51 +193.51
SR /MW, +157.11 +160.28
RIEIREEHLK HL i /MW, +249.38 +214.99
W EREE LR /MW, — +26.72
0,i& V- K HL /MW, — +12.73
BREE/MW, +600.00 +608.23
I~ AR/ MW, -30.00 -30.00
COMEL P B R G HLFE/ MW, — -129.17
R /MW, 570.00 449.06
H R % 41.96 33.21
P/ MW, — 217.17
B 5/ (t - hT) — 201.70

PR G ok T RN &Pk Rkes , AT
DA FHAERAHRFIRIAS Cop BRAR 2 HEBRARS
COE=Cyyg1.p+Corpp+Cosatp-Cirop (2)
K Cup MEEHCIINA, 3650/ MWh,
MR Ceupr B O, T CO, IR IRIE -

CeonrQuonrt+Co, Mo, t-Ceo,Mco, t
CFUEL_PZ COAL XX COAL ;t O. CO. CO: (3)

K : Coon M A PE B BEM 45, FIT/GI, HL
2.79T0/GI 5 Qeoar N E B IR B 2% B A FRAH, G
tRAEIBEATITE], h, 5000 h; Co, i O, BITH G

¥, Kon/t, W30.195E50/t, mo, Ay ] FEA RER K
HL# =R O, 1, t/hy Ceo, i CO, HITH M #
KIo/t, BL42.85KTT/t; meo, I A T H EEA =
) CO, i, t/h; PAHI -~ L 2= A
KHLE, MW,
PrIHBA Coppp FIHHE AN
CTCI—PIQCRF

CDEP-P:T ( 4 )

f('flj : CDEP—P ﬂﬂﬁ%ﬁﬁﬂ@‘é\?&ﬁ , ﬁﬁ%ﬁa
CTCI-P%E%%‘%E@A%\&%, ﬁﬁ%ﬁ; RCRFy‘j‘(J%Z'K
s 5245k, %

K HL TR T AR R G B R
G5, MR JCH TRERA TS MR, %
SRR T BT 2R 550.00 ET0/KW,; HH T IR EE
) &% LA 600.00 MW, BRBREEHL T A% %
330.00 B J73EI0; ERAER ) A s, COo, 4l
2B R A B A B B 5430 R 22.48 ‘B J7 2T
6.17 AT FTE "5 SRMEL T R AR R GV A
FT 358.65 H 1 KI0; (HAA—IRME, ARG
Ot (BEM) A BRI R EHR", ASCH A
2R EREE ASU TR 175.00 A 7 30, it
AR FEAFTHIG AL (HL ~ H7 ) At
INAS o FEFIG AR IRER T, AR L TRK
P PR K K IR B B 5% ] LU S 25 SOk B (17,
18] M Wi = Fo A28 1 45 0% Pl 7K - J A28 AT
B W7 T N (1 2 R N = W A )
61.54 FIC/kW; B ARG RIERIAE] T 13.74 A7
ot Wik, KBTI BETGART 37239 AT
ESSTV

Rere SR WA A 22557
k(14k)"
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K Re WEARMNCREL, %; kR RHRR,
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CTCI—PRO&M ( 6 )

Pt
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Table 6 Economic performance of electricity

S8 BufH
R H T 36T 330.00
CO, A /H J13-TT 22.48
Ll & VIEWE S 6.17
PRI ) R T T 358.65
BAMAHL ~ H7/H J7 500 8.53
Wl i g T 3BT 521
(LA PEEL S DI Sw 13.74
&R WS S 372.39
R B /MW, 449.06
4B AT E] /h 5000
BB IETT - 6T 2.7
W S FEUREA/(G) - b ) 4868.03
O, /(3T - ) 30.19
O,iit/(t + h™) 430.71
COLMHE/(ETT - £ 42.76
R AT A Y COL T /t/h 110.94
BREHRAR /[T - (MWh)™] 47.66
e NTEES 7 9.4
PHHBA/[FETT - (MWh)] 15.59
BATHEA LU 1% 4.0
IZATYES A/ [3ETE - (MWh) ] 6.63
AN /[ZE00 - (kWh) ] 0.0137
HEE /MW, 217.17
HERHCIE A/ (36T - (MWh) ] 6.62
K HURA/[ZETG - (MWh)™] 63.26

ALy 9K 47.66. 15.59 il 6.63 5 IC/MWh, {H5—
PEAYIE, HERR G N B RA RS T 6.62 2TT
IMWh, #BURIER T CO, flifE R 400 & Ml A ly
67.4 ~95.1 =75/ MWh"", P, Bl — 1L 20K
PR R R L RIT I A B R R R B B i T e
Vi
4.2 HRRERITTHIZFTERE

[ BE,  FH P50 0 9 28 5 MR RE Al o Y I R AR
(COM ) T,

COM=Crygr m+Cprpm+Cosaim (8)

. COM NP EEREAS, %ﬁ/t; CFUELM%?E*’:LEE
ZIK9 %f[}/t; CDEPfMﬂﬂﬁIEIIﬁZ"Qv %ﬁ/t; CO&M,Mﬂ‘:,
BITHEP A, Fou/t.

JERHIAR Crupn EZEH H, RE
Cyy,my, t (9)
MCH3OHt
A Cu, b T A BE VR K AR P AR I H, A,
FIn/t, H2500 0/t my, AT A AR JEOK
ffr=Hm H, &, t/h; MCH30Hj§q3@i, t/ho

PrIHBA Copen TR AN

Cran
Comra TemRere (10)
Mcn,ont

e Cran M EERITEIRTE, AT EIT,
Crein R LI R F AR5«
f
&Q4;) (11)
Krh: CuWSHRIE, ATEIG; SHIEESEG
S ABHEZH, (FE tvhEIIR MW) ; fRHLEE
BIKF, %-.
AR SCHI BT SR TR H] 181.02 AT 36T,
BATHES A Cosnn TR AN

CTCI—MRO&M
Cosy=———— 12
MM Meyont (12)

R Roan NIBFTHEI LR, %,
F s PA ST R 2 TF PR BRANZS 7 BT o T IR e — A
2B R H B A (COM ) 53 696.71 3

CFUEL-M =

®7 BERBATHRARAK

Table 7 Investment of methano

B BHE C/10°5E 70 E=F 10N Ho B - f ZH1S MR E10°%0T
FH s S 07 9.51 87.5t/h 0.60 27385t/ 75.07
FH A R 1 20.50 87.5 t/h 0.70 319.2 t/h 50.72
[NZEA% 4.87 1782 t/h 0.65 2738.5t/h 28.76
JE4EHL 0.53 0.41 MW, 0.68 129 MW, 26.47
CO A F i A 4 % — — — — 181.02
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WSS, —Jrm, WU R e Al
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MR AS s o5 —J7 T, W RO TG A L ) S A
AR AR R G, W TR
BN I A . o, AR SAS L AT IH AR Fis 1T 4E
PAR 43R 672.66 2T/t (96.55% ) | 16.87
Jo/t (2.42% ) #17.18 270/t (1.03% ) . H LA UL,
AT F AR BRI K LA P A Y H, A G H AR HA
PoE PR, G, AT AR RE IR K LA = AR 1Y
H, WA% X3 8 -k 22 15 7=y 285 ) T REAb A
BREE,
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Table 8 Economic performance of methanol

SR BE
RS B/t BT 201.70
AEIBATE] /b 5000.00
H A%/ 3678 - ¢) 2500.00
Hyi&/(t - h™) 54.27
BRERAR /(T - ) 672.66
BEA I R B % 9.4
PrIFBA /(KT - () 16.87
BATFZES L2/ % 4.0
BATYE A (SETT - ) 7.18
R AR /(SETE - ) 696.71

5 % i

1) TEYEHME ST, BRI & AR b A
1) CO, FIFTFEAE BEE /K HL A 7 A2 19 H, HIFE CO, i
SRR IRL s K HL A P AR R O, F TR
HL T A, A T A R AR AR AR
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PRt CO, INEU TR M A A DS B A e )
LRSS, SREUE A & AR

2) I e BRI T 80% AL E 4|
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T ZE 0 o i L R RRORT R R R g S OA )
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(9779 BEDRHFRCR

3) LU AT R R B AR AL 2 HK
T B R HEAN 63.26 270/ MWh, KT LA
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ST BRI Ak B R A R
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