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Abstract: [Objective] Against the backdrop of global efforts to address climate change and actively promote the
strategic goals of “carbon peak and carbon neutrality”, the clean and low-carbon transformation of the energy system
has become a core issue for national development. Accelerating the low-carbon transformation of the coal-fired
power industry and precisely reducing carbon emission intensity are key challenges in achieving climate goals.
However, there are significant differences in the carbon emission characteristics of different types of coal-fired
units, and their carbon emission levels and the emission reduction effects of coupling carbon capture technology
have not been clearly compared. To reveal and compare the carbon emission intensities of different types of coal-
fired units, a carbon emission intensity calculation model applicable to different types of coal-fired units coupled
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with carbon capture and storage (CCS) systems was constructed. [Methods] The carbon emission intensities of
typical coal-fired units such as 300 MW, 600 MW, 1 000 MW, double-reheat and IGCC at different load rates, as
well as the carbon emission intensities after coupling with CCS systems, were compared and analyzed. [Results]
The research results show that at higher load rates, IGCC units have a lower carbon emission intensity, reaching
703 g/(kW h) at 100% load rate, while the 300 MW unit has the highest carbon emission intensity, reaching
812 g/(kW h). When the load rate decreases, the carbon emission intensity of the IGCC unit increases rapidly,
reaching 948 g/(kW h) at 50% load rate. The double-reheat unit has the lowest carbon emission intensity at 50%
load rate, which is 781 g/(kW h). CCS technology has a strong carbon emission reduction capacity and is an
important means for the low-carbon transformation of coal-fired power. At 100% load rate, a 50% carbon capture
rate can reduce the carbon emission intensities of 1 000 MW units, double-reheat units and IGCC units by 334,
329 and 295 g/(kW ) respectively. Similarly, at a 50% load rate, a 50% carbon capture rate can respectively reduce
the carbon emission intensity of 1 000 MW units, double-reheat units and IGCC units by 352, 358 and 379 g/(kW +H).
[Conclusion] This study, through the construction of analytical models and systematic comparisons, quantitatively
reveals the compound influence mechanism of the technical route of coal-fired units, operating load rate, and CCS
coupling strategy on carbon emission intensity. In future power systems with a high proportion of renewable energy;,
coal-fired units will undertake more peak shaving and frequency regulation tasks. Quantifying the carbon emission
differences of coal-fired units not only helps optimize the development path of low-carbon transformation in coal-
fired power, but also provides solid theoretical support and a decision-making basis for achieving the “dual carbon”

goals.

Key words: coal-fired unit; carbon emission intensity; variable load; CCS; IGCC

Pageit, FREMRIE A AR 1) A AR HE R
R HERCR TR 40% 0L, 2 H AT R I BRHERCIR M.
NP AT MR HE RS, I AR 3 [ T FAE BRI R
Ha P bR R RGE, B 2024 4R, 4 ] FA Ae I
LA EIL 18.89 4T, HEEBENEEN
56%I2, SRTT, T ] FAR AR R FE I ALY L B
ANPERITA] M, BRI T B s 7, HL I ) R
PEAT 75 B ok LA T . DR, B
UEVSE AES AL AR RR C vk e S e ) LI
W7 BAR T, IR A o 24 B E R
TG ) 32 B ) 2 —, T AR AN [R] R A PRI 1)
T HE T8 P ) HE R AR e 28 ) B T4,

R IR AS [F BRI L I RHE R, 72
SEPATT REW . HENEPLINZHHBIX
SN, AR T RRHECGE P EAR IR S AT
AR, T RS B A T AR
BHOBREISRE, 2005 SRHEBCR Y 99%. 253550
THET 40 64 F AR HLAM S AL HE B,
g5 1R, 200~250 MW 300 MW F1 600~660 MW
B AH 1~ 35 Bk HF 5058 BE 43 0l 9 894.3. 808.3 .
732.2 g/(kW h). ZH REEILL 300 MW, 600 MW,
1 000 MW JABENLAE M), R 7R — %4k
WeHECE S T, i T R T RE . Xl
i E B e ot H o7, A 660 MW
BRIENLZL . 365 MW A SHLZH AT 660 MW #ATIATLAH
HATIRHFBOT 5, 15 30 HBRAREGRE 4 9 0.827 9.
0.3730. 0.714 7 t/(MW h). Chen 25 A\ O} A [ S A

http://rifd.cbpt.cnki.net

HIBRHRBR 5 HEAT 1 0F 9T, DRI 25 A T BB HEL
RERME T HEMENS % . XIRERXT 4 4 600 MW
EAN 16 1000 MW S5 BRI ZE 1R BicHIF 0o FE
BEAT W0 737 5 R EIS 73 B2 PR o e T8 32 %o 47 i
HI AN BN UK . SR T — R TR0
753l 27 0 U SN AR 2R PR I R BOR , e il % 22
M 5.00%F% 2 0.50%. FRAMAFRARILE | 2 FlAN[FIAE L
WM T RIVSATRE R, ARG ECESAL T H T
T 82 5 577 (carbon capture and storage, CCS)
B S AR s AT R AR
B, AT DAE R ACHLZE A B HFTBOR T, 2 R FAC
B ) Bk AT 2 — 8, H T AR RS B ST AR
e, R AN RREEHERENLA RIE TR . 15 PR 800E
A K ST ] B A G & CCS AR St T LLSEI
BRIENLAH — b m i T4 Li & NS a7 R
B, 31| 2060 4, St ik A8 5O WY LA A [ R HL T
WAk > 5.5~385 Gt, BA BEFIRASR. A
M, RICREFLRRTRY], CCS ¥ IBWIHATT
PER B, BT ROAS P B A A A% T B 2 S H e ik
83.8%, & 4T A &AM AR o L ik 31 72.8%.
gE LRTiR, BT P e BRI R HE R
IR SRR . SR, A IR S
BUE TR G LA, e /TS s R
MR BRI kA BRI S AR S
v (integrated gasification combined cycle, IGCC)
LR EA L. H—J71H, CCS HARIE MR
RO Y B 2EHOR, AN RSB ABELAL F B




5 W

Mr M S TR AR B R A AS IR S AR R AL A Bk R o 0t LU T 111

HEBGREE )7 A A s Z IRAIRDS . 2 TAFE
RURBNLVALAE AN RIS AT 00T BRI 8 A7 AE
FHXER, RANHTHBRAISE, $H A& CCS
BR G HER G A, BACHHICE R, AMUE D)
TIAKE R ARRR R A e it 42, B RE AR SEBL
" A RGBS B S S SRR

PRI, AR A FI SRR N LA AEAN [ IE 4T
TOUT B SR B AT XS AT L. O, i
HLERERL T35, 70 IR AN RIS AL R L 4L AT
AL, [FINEESL T CCS RETHIMT HARAY; Hik, &
SCTWAEBGR T RIS, AR T A FSRRNLA
FEAN[R] G4y 258 AN [R5 55 00 1 I B HE X
SRIE; foa, XFLEHT T A FESERHLALEAN RIS AT
O B SR S 22 5 FEXT CCS BOR MR IsHE
BEJJHEAT THIT, DAL rB LA MR T S e 2
WAk .

1 Rt R
1.1 NEIEBIRIEH LEAEEY

ARSI HE 2 P AN [RS8 1) 55 R R AT 4 A 2
HEBRIENLALH AT FT . LA 4E 300 MW 254K
WiEF. 600 MW £ 2% Ilm 7 A1 1 000 MW 554 k
R AL, B A ) B R R I B IR R
IGCC. BT #HFEIZEA AL B A AR, R
FRAP A A A 1 AN UKL A e 5, AR
BAMIFERHERZE AN . BTkl ER
BALFEL W T AL (turbine heat acceptance, THA)
THREERASHINE 1 Fin. AN, Frik 1IGCC
ML RHE 262 MW LA, S ML Y 163 MW;
RPN = GREMEREZIR, FEFREHL

FAVREE WU B GO — IR R, IHAEN
RN 554.7 C, WS H DR N 137 C; R4
HLERRE N 182th, ERILRE AN 520 C, FRIE
714 9.35 MPa, %A 99 MW. [t Al—
F A5 FEAIEIR T FTIEAS [F 2R BRI I S50

ARICRHI CCS HiAR 32 BT ML LE T4l SR R A
BeJaitE 2 i, Hrpihbenii 4 H T 1GCC ML,
BRJoe I 7 B8 N FH 10 AR AT 40 5 e i 7 — K
FEAAMLLHES, IRBe i 4 7 ik PR BRI
ZITFI R COL TEARIR 1 R N 7E RS b A R i
il P A e T FE il R T YA AR A ) S B R 7 8
CO, hbeElidE ikIE AT Ol (MEA)

http://rlfd.cbpt.cnki.net

ff) CO2 iz MEA IR S S EE PR . RS TR
PEBE R LA AR SRR e, A2 TR A
WRSCTT) B LR R 5] 2, 7R MEA
VOSBRI A B Bk A R R ) CO i
TSR, K MEA TN AR SRR 2045 1)
CO2, JFXF COp HEAT 45 A1 I,

* 1 TEEBHESH
Tab.1 Parameters of different types of units
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Fig.1 System modeling process
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Tab.2 Errors of heat consumption rate of different types of units

B4R LiH L
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AHXTR (% -0.41 -0.06 -0.41 -1.16
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Tab.3 Net efficiency errors of the IGCC unit
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Tab.4 Verification of simulation results of the carbon
capture model
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Fig.2 Carbon emission intensities of conventional units
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Fig.3 Carbon emission intensities of advanced units
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Fig.4 Comparison of carbon emission intensity among different types of units at 100%6 load rate
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Fig.6 Comparison of carbon emission intensity among different types of units at 50% load rate
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2026 4=

FHEC T — R FEAMLLL, —IRFHWLA 2R
B EREAT T 2 YO, A ZEVR IR AR R A )
ml XA, RERE T TR TR AR . R
PR e B, $Em AR S A TR A ZE v R Ak
o Rk, IR ERWLAE SN — R ARG R,
B T VRPN, TR T 1R
IR, FAR T BHERGRERY, AT AR TR
f¥) 1000 MW. 600 MW #1300 MW 7 SEERIEA L4,
T IR R BB BGREE 73 K4 3.4%. 10.3%
F111.8%.

CCS HiAR B A BRIIIIEHERE /1, #A CCS &R
Gun] LR ZZ BN LA I RRHEBRE . 75 100% 17 fif 28
e 2GRN 50%I, IGCC. k44, 1000 MW,
600 MW Fl1 300 MW H12H 55 TG Rl S B HE e o i
Iy SR/ 295, 329, 334, 363. 354 g/(kW h); 4
RN T0%HF, 3l 423, 479. 493, 522.
529 g/(kW h); MflitEZN 90%0, 43 Jllis /b 544,
641. 661. 705. 712 g/(kW h).

TE A Aar R PR P R A, A RIS BALZH i
R FESSAA B RGN, Horh 1IGCC HLA IS Ity B
o HHFTHRN 50%IN, 1GCC HLA I HERGR
EF| T 948 gl(kW ), BAHIE AR 300 MW,
600 MW. 1 000 MW F1 — ¥ Fi # B 4193 1) 5 29
11.4%. 14.1%. 20.8%#1 21.4%. & CCS R4i)q,
ARG OL T 1IGCC HLAR LA E M. £
50% G fif %R : 435N 50%Hf, 1IGCC WL I
He s B2 AR [F] T 40 R 300 MW, 600 MW,
1 000 MW F1 =X FF#HLH =2 20.3%. 24.2%.
31.4%F1 34.5%; MUHHEZFA T0%H, 44
38.3%. 24.2%. 31.4%7F1 34.5%; 4R N 90%
i, 2> B4 141.2%. 149.0%. 164.9%F1 176.7%.

445

RSN LT A [F) S R IR ZH AE AN [F] 474
N EIBRHEBGREE, T T CCS HARBIRKIEHERE
73, VLI S B AL R AR B PR e B ik Hl .
BAFH LAk

1) R MR, IGCC ML BB
B, 100% 517 KA 703 g/(KW h), oA [F] 6 e
FNH 300 MW TEIG FEHLZEAG 109 g/(kW h). 1H2
FESA R AR AR, IGCC MLAL B HE R i
PUEH K, 50% i fuf 2 R IAF] | 948 g/(KW ), EiAH
I 6714 %8 1 1) 300 MW B I FEHLAE 57 97 g/(KW ).

2) R RT, XA BB

http://rlfd.cbpt.cnki.net

SRR, TE 75%F1 500% it R R AN 748,
781 g/(KW h), HAH[E T4 R 300 MW SIE I FEHL
53 78+ 70 gl(KW ).

3) W& CCS RGtfa, MNRIZARIEHLH TR
TR R K. 100% AR T, MiER SN
90%- 70%71 50%H, X T LA I RRHE IR BEEL
e CCS RGtHIT 707 T P& 641, 479, 329 g/(kW +h),
AR 235

4) ARSCEA T AR B RBENLLH B mcHE sz
S R A A FR R, FE 8T T CCS HAR M iR HERE
71 FELARFERAE N HAr RS 2 b, 5% & HL
YIBAT AT R IE DL, ARG B AN [F) 22 (1 RIEAL
HIEHEA CCS Bk,
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Mis RAEUEMSH
ACEEL T 300 MW, 600 MW, 1000 MW. 7K T #k
1 IGCC AN FRTINIA T, FAERWT,

# AL 300 MW ZLHAMEESH
Tab.Al Main parameters of 300 MW-class units

GiH T

THA 75% THA 509% THA
WL ThZEIMW 350 2625 175
F 2R I/MPa 16.70 13.03 8.96
FZVRIREPC 538 537 536
FARIRE/(hD 1040.8 758.3 503.4
PRV E F1/MPa 3.261 2435 1.649
T GRIIREPC 538 537 525
FRERMEI(th?) 872.3 648.6 539.2
R AR J1/MPa 0.763 0.577 0.400
B R AR IR °C 328.7 330.5 3247
MR SR R Y 242 16.7 10.4
2h KR EIPC 272.2 758.3 232.1
B A IE J1/MPa 0.005 2 0.005 2 0.005 2
R ELEFERI (g (KW h)Y) 292.9 297.9 306.9

= A2 600 MW ZERIANEESH
Tab.A2 Main parameters of 600 MW-class units
e LU

THA 75% THA 509% THA
BT ZHIMW 600 450 300
F R E J1/MPa 24.20 22.69 15.30
T ZARRIREEPC 566 566 566
EHRRME/( DT 1674.6 1219.2 799.2
PR T1IMPa 3.611 2.691 1.816

566 566 566
PR R/(thY) 1395.1 1034.6 693.2
AR AtV J7/MPa 0.928 0.705 28.970
kS B iR B/ °C 360.8 363.8 369.0
B AV = (h ) 77.8 54.0 33.2
YHIKIEEIPC 274.4 255.4 233.0
R A% J1/MPa 0.005 88 0.005 88 0.005 88
R EIEFE R (g (KW h) 1) 288.9 292.3 299.7
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%= A3 1000 MW ERHANEESH

Tab.A3 Main parameters of 1 000 MW-class units

B T
THA 75% THA 50% THA
HUADIZEIMW 1000 750 500
IR F1IMPa 25.00 18.88 12.59
FRRIRFEPC 600 600 600
FRIRIRI(t Y 27295 1976.6 1304.0
THHZEIR R J1/MPa 4,534 3.388 2.310
FZRIRIEEIPC 600 600 600
TGRS/ hY) 2187.9 1629.3 1106.7
I B8R F1/MPa 0.866 0.665 0.467
ok S B R/ °C 344.4 348.8 353.7
FRE A R R/ (T hY) 143.4 100.4 635
25 KR EIPC 294.8 275.1 251.4
B AT J1/MPa 0.004 9 0.004 9 0.004 9
R HLEFERI(g (KW h)Y) 270.9 275.4 283.1
xR AL ZRBRENEESY
Tab.A4 Main parameters of double-reheat units
T H Lt
THA 75% THA 50% THA
ML IMW 660 495 330
F 2R I/MPa 28.76 21.41 15.03
FAERIREC 600 600 600
FARRE/(th?) 1734.4 1263.4 870.3
— R B AFEIRE S1IMPa 10.145 7.598 5.307
— IR AR C 620 620 613
— IR EREIRIR R/t hT) 1528.7 1134.2 791.7
ZIRTRGEIRIE JIIMPa 3.197 2417 1.668
IR RRRIREC 620 620 570
ZIRFRGRIR IR (L hTY) 1309.5 985.7 697.4
RS 437U J1/MPa 0.800 0.623 0.436
Rk S 2R R 2/ °C 405.8 410.4 371.9
PRIV R/ hY) 162.7 102.8 65.0
YK EEIPC 316.1 295.3 272.8
SRS E J1IMPa 0.004 92 0.004 92 0.004 92
R ELEFE R/ (g (KW h) 1) 261.9 273.9 281.7
% A5 IGCC HIEMEESH
Tab.A5 Main parameters of IGCC units
SiH T
100%71 7 % 70% 11 fii 2 500171 7 %
IREHLIIZEIMW 163 114 81.5
REHThRIMW 99 71 51
SIRIMW 262.0 185.0 1325
G RARE/(E Y 215.4 984.1 702.9
PSS B Y 1405.8 984.1 702.9
RIEIH R/ () 1621.2 1134.8 810.6
2 FEAUFEZHIMW 129 90 64
BRI (g (kW h) ) 253.4 - —
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