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Analysis and suggestion of carbon emission in thermal power plants under the

background of carbon peak and carbon neutrality

LIU Gaojun

(Jibei Electric Power Research Institute ,State Grid Jibei Electric Power Co. Ltd. ,North China Electric Power Research Institute Co. Ltd. ,Beijing 100045, China)
Abstract ;: The mainstream methods of calculation and verificationfor carbon emission was introduced, and calculation of carbon emission
for a typical 660 MW coal—fired unit, 365 MW gas—fired unit and 660 MW oil—fired unit was introduced. Under given conditions, the to-
tal carbon emissions of the three types of thermal power plants are 2 303 751 t, 573 945 t and 1 988 626 t/a respectively, and the ratios
of carbon emissions to electricity generation are 0.827 9,0.373 0 and 0.714 7 t/a respectively. Gas units emit the lowest carbon emissions
per unit of electricity generation, only 45 percent of that of coal—fired units. Accordingly, oil-fired units emit 86% of the carbon emissions
of coal—fired units. The burning of fossil fuels commonly accounts for more than 99% of the total carbon emissions from coal—fired power
plants. The proportion of carbon emission from desulfurization process is related to the sulfur content in coal. The smallest proportion
of carbon emissions is generated by net electricity purchases. In order to effectively regulate and reduce carbon emissions, it is suggested
to comply with the development trend of high parameter and large capacity of coal —fired units, and actively deploy low—carbon and
zero—carbon energy such as photovoltaic, wind power, nuclear power and hydropower.lIt is necessary to promote carbon sequestration meth-
ods such as technological and ecological carbon sequestration, develop green financial products, and standardize carbon emission
trading markets.
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Fig.1  Accounting boundary of carbon emission for power plant
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Table 1 Recommended parameters of fossil fuels

gl N/GJ C/(t-GJ™h) 0/%
SR 41.816 20.1x1073 98
by SRl 41.816 21.1x1073 98
/St 389.31 15.3x1073 99
s L FE BB HE R E -
Ey= 2 AF, (5)
k
A = 2B, (6)
F,=F, R, (7)

Hor A RS b PP R AR R SR VSRR, G N
55 b RPN R R AR A HE R v B R R A
SEALETER b RR LA R BB L R I HE R v B,
SRy 5 ) %) 1 FE A 65 1, oA MR R B R R 1
B, % ;R NEALER 2% GB/T 32151.1—2015( iR =
SAHEZ A SRS R ) 4 5.2.3.3 2R, I
T B AL R B 100% (£ 2) .
2 BEBHBHMETES

Table 2 Recommended emission factors of carbonate

B HERCHF/ (- 1)
CaCO, 0.440
MgCO, 0.522
Na, CO;, 0.415
Al 5 A FH L 7 A BRI E, -
E,=A,F,, (8)
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D) I S T AR R /N B0 4 216 h, S
AR R TR AR 5 b M b B IR OR
B (2021) ), 2020 4 K LB AT 34 R /N
0 4 216 h,

2) S E T HER R 2R B 0.604 VMWh, &5
DB11/T 1781—2020¢ — 48 btk Hl Ao A% 55 70 e 45 2L
K ITETY . Z5E F B % & Mistr 7
T RBERLAL BR S HLLE AR L S R )

51291 000,500 F1 1 000 MWh,,

3) BRIEHLLE SR SHLALRRIHLLL T F LR 5031
TEHL 6% 2% 4% ., 575 SCHR[12-13] , BRIEHLAL AR
A EAILLL) FHEESRAE 4% ~9% 1.0% ~2.5% . #Rill
ML) FH SR RRIEH L AR S AL A 2 ]

2.1 BENABHETE

D R BEVRAE A HE 660 MW BAKEHLA Jy 151, 1%
BRI R — Uk R ] F A R RR I A T AR s A T | L
BT = I B o 7 e o e S o S
gk IR e T =X e 5O I A b . IS
BRI BMMARESEILE 4, 4 KA
Ca0 MgO Jii 1 43 5053 1l A 50.68% Fl 3.65% , ke 2k
Hh 42.74% .,

R3 ITASHMTES

Table 3 Proximate analysis and ultimate analysis

Tl 53t/ % TR % Quet.oe”
M, A, Vi C, H, N, 0, S, (MJ - kg™h)
6.50 15.54 36.66 59.46 3.64 0.85 9.19 0.22 22.27
4 BREREEESY UG-SGT4000F-R, 7EFETA T, “—#i—"HE
Table 4 Main parameters of FGD ﬂﬁﬂ:;mgﬁ)é kgﬁ]j] % j\j 365 MW ( %% 5 \6) .
gE| HilE x5 BMSWAEITSH
SRS R (BZS)/(m? - h7) 2216 733 Table 5 Operating parameters of gas unit
FGD BB AR/ % 99 i H 100% g 75% 5 50% i fi
WA/ (L m™3) 11.68 YR E S1/kPa 3.0 2.1 1.6
KGR TR I Ca/S/ (mol » mol™) 1.03 B IR EE/C 582.8 578.4 576.4
FIRATHER/ (- h!) 3.70 W HEAE I F1/kPa 0.2 0 -0.1
LEE/(1-h) 6.10 B AP HE KR R RE /°C 90.7 87.3 84.4
B/ (- ) 75.00 A A S % 14.7 14.3 14.7
LI T4 TG IR FEHE 43 >25% | 5 GB/ BAIEAER/ (m® - hh) 71 550 58 860 47 960
T 32151.1—2015 (k3 SARHE RO B 5 4145 ok k6 MSMABH
551 B4 KA Y, YR FE AR A AR 5 4 R Table 6 Parameters of the gas components
BER RN 1.5% ARG S LRk S AL F I 98.5% HEURIY il
SRR BB A IR B 7 1 B Bl 93949 4
FIC BB L FBRAERIC Al vty Ao FH Pl g 72 Py e CRERBUIR % 0.907 5
HER, H TR RSB T K R BB PRERBR L % 0.1367
BEBRHERL, MREHLABRARHO 745 RILFR 7, TEME AR IR % 30000
HAET 660 MW KRBEHLALBRHIIC N 2 303 751 va,, AARBUYEL % 0.006 2
2.2 MASHIABHERTE ik AR BUE % 0.000 2
AT & ik (S HIRE 20 °C) /(M) - m™?) 34.24

PLAL I BEBR AR 3 S LA A LA
IR GEIRIR A TE AL, B R A —H—
R s 1 AR GRR R kR
Bl 1 BRPEYT(HRSG) |1 BRI AR
R LA LB R G, RPERYN =
FEINFE# . JC A 8K L RN 20 SR A 8 B, LS

BRSHLARBAHE BT SR8 RS A 1 ke
HERC A WA A A T 7 A R HE R, Tl TR
ML TR R G0, AN BB R R, BASHL
YRHRERO TS R WL 7, TEBCE ST ,365 MW #4
SERIRIRATEERLL CO,HE 573 945 v/a,
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Table 7 Calculation of carbon emission in thermal power plants

BigE| HRIE I R
AEAT IR AL & i 22.27 G/t 342.40 GJ/(10°m®) 41.82 GJ/t
AEF /N A b 4216 4216 4216
R SR AILZE AL AT BRI S IH AR 1 253.7 t/h 7.2x10* m*/h 142.0 t/h
A REHEFE 1 069 599 t 30 165x10* m? 598 672 t
AR s/ G 23 819 974 10 328 660 25 034 068
A BRI A B R/ (L - GIT) 0.026 7 0.015 3 0.022 1
AR A/ % 98.5 99.0 98.0
fEABRE CO LA F/ (- GIT) 0.096 4 0.055 5 0.079 4
AT RREHABE ™ A 19 CO, HETBL t 2 296 961 573 643 1 988 022
JR A R T A 15 599 0 0
JR AR BRI 6 7 it/ %% 90.5 — —
JER AR B BR R TH FE £/ 14 117 — —
I aR A BRI B HE R/ (e - 1) 0.438 2 — —
WiaR R CO, HEf i/t 6 186 0 0
AZ S N A H i/ MWh 1 000 500 1 000
DX A5 F P AP L HE RO F/ (L - MWR) 0.604 0.604 0.604
A A A T ) 77 A 1 CO, HFTS iR/t 604 302 604
KL CO, HECE/t 2303 751 573 945 1 988 626
& HiE/MWh 2 782 560 1 538 840 2 782 560
T~/ % 6 2 4
fitH L/ MWh 2 615 606 1 508 063 2 671 258
AN HL R/ (L MWRT!) 0.827 9 0.373 0 0.714 7
BN AR AR/ (£ - MWhT!) 0.880 8 0.380 6 0.744 5
IRBEBRHEBUAFR S % 99.70 99.95 99.97
TR B HETBUAFR 53 85 %% 0.27 0 0
S I BRHE AR RS % 0.03 0.05 0.03
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H TR IRV ML A 3 A 78 S = |l b an
TPEERL A% 2x660 MW IE It LA T AL 4. /"%U‘ﬁ
5x660 MW W Iifi S8 0 AL AL 2511 DL e B
660 MW SEIIfi FHBRIHATLLH by 3], ’ﬁ%‘!ﬁﬂﬂﬁllﬁ:ﬁi}ﬁ\
H ARG H S % ek be O 2 — ko ) P A R
g - X A A R R IREE L AR
RERHL A7 G A — ko ) P gl =
il VU R A PO HEREE TR (AL . N660 - 16.67/
538/538) . KHLALNZR 7 AL 00y A FR 23 vl AR 7
i) R R SIS B i o/ Ve = WA o, I VS

BRIHLLL 6 0omg SR T 142 v/h'P) R
RS H R 1, BT R AKBEL, AN
JEAAR AR, B IC AL R AR HEC T LR EL
Y75 o iz 47 5 K7 Rk ML AL A i R e R
1 000 MWh, BABEHLALBRHEBOH A SR R 7, 7
g &4, 660 MW % 3 HL 41 Co, HE i h
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1 988 626 t/a,
2.4 KB EBRHEES

TR IR IRERLAL R SHLA AR T LA e HE ik
TREZERWE 7, 3 kI LM A7 & COo,
HElE 514 0.827 9.0.373 0 F1 0.714 7 t/MWh,

ML B H s B HE TSR AT, (A AL 2 7

45% . FERLHL , BRI RRHE A ABEALLL ) 86% .
PRIGEHLLL SR ML RN BRI LA i) F R SR 4 51 ok
6% 2% 4% TEHL T, 3 Fh2R ALK K 1 i T B f
fitHs & CO, HF A 43 %1 24 0.880 8,0.380 6 Fl
0.744 5 t/MWh,, MREARBRHER Y A B, 7 R 55 55
LA BRI A TG K R TE PRI L 22
SEHTEE T BB HE RO B A 85 it

ML B HE TS B A T, RASERLZE. RS AN
BRITAILZE Ak A ROBHER R BT 7 A B B HE s o FL T ik
HERCE Y 99% LA I, T LA JCHL T R AR AR HE ik i) 3
SRR BRI 2 B TR AR AR &
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SRR . EARMAVPR LT, PL e A
M S ARHE AR RE IR, AR AR R A RE R
AEE O TRRIEHLAL, e kR m SRR i A
B PR =B SR

JU Ao R 114 sk IR e = B 5 i PR 3R A A A
o E i WeER N kR AR A i bR AR, o,
SRt R T 0 O e R A R HE TG i)
K, MBS AR 0.2% ~4.0% , 5 T B Y i
Bt HE R = FNHER 5 A R 3 N , AR SO LA
SRS B 0.229% , XTI BT ok A8 CO, HER S
16 186 va, HE 5 1L 0.27% BRI S i & 4%
SRy B — AR i FH N 1) 0 Ao e e I o R
o7 LK AR S e 18 (5 A A, 2 112 472 v/a Fi
4.91%,

Al 5 A FH E 7= A R HE RS2 I G %
S GEEEIE O I FE R AT AR R 2R S e AN R KR T
M F AN TR AR A S B 17 B AR i R AF S
BRI7-91 8811, — Mk s T A5 A e i GE T X [
7E 400 ~2 500 MWh, ZMIA H 7 A HE I R A (] IXC
WA 25 57, o FLAR A 1) 2 HUA ) SEAEEBI TR

3 R ERHEEREY

3.1 BRHERUTEMZERW

1) BT E A ) RO R 1 2
BRARMIAZ ST | WU ST AHSCHRIE , B CEMS
B

2) RS i ik AR A e HE i, AR T R IR 2R
R BB B e O, 6 T K AR, A9 S
JRAG S AR TS N, RIVAS 2% SR A R P e HE

3) Gt o B i HE BN 122 DA S i LA T I
PEAT o ARIRIMLAAS 8 Bl A KM, W AR H5 42 17 At
[B] SRR SR L HLAIRCR SEMA EFR a A
G307 .
3.2 BREHEEY

1) WA RE R ], 42 5 BRI &R, X
TRAEDLA  BEE LA ZS 3G RS BRI, B2 f ik
HEWGZ B REAR . H 0, Sy AR A & v s B HE B, ]
SRHC R /N 15, G435 300 MW LT B HEAIL
4, RN ERERHSHERERINA

2) NG T Re IR, B I T R R AE R
LA G e, BRI EDGAR L AR FI/K FL A5G
W EBRAETR . WX R R s T4k kb 57
GG 2 Pl K AR Ll | R e A oK 25
Al L I TR R R G R A

3.3 ®CEW

1) BRCR TSR T B b A7 Bl Al 45 L ac R T
BP0 R CCUS AR T BRI S HAR BT AN
I A4S HORBRF 2205 CCUS HiAR A= 4 5 BE il
£ 5 B A7 % R ( Biomass Energy Carbon Capture
and Storage, BECCS) | F1H: 25 “CHehl 46 15 0 77 A
( Direct Air Carbon Dioxide Capture and Storage,
DACCS) %, BECCS HAJEH ALY B HE 196 & 1
PRI )5 W 00 88 A A7 CO,BIFIAR . DACCS £
Ao —FAI ] DAC R RGBS RGN
IS R ALRRI TR = i B R AU HOR

TEREORAN FHEARBE RN H 48 HAR T8
e A A2 B A L A= 0 A ( CO, (2 2EAE )
AR S T Bk B AF BRI SR T , A3 45 HAS
BT & KZEAE CO, SRR EA (Enhanced
0Oil Recovery, EOR) %,

2) BUR TSR 25 [l f , 5870 T ARAR 55 5L 180
TH Zth W 55 A IR BE X CO, Wi, B <
B At
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D) IFR M) BRERSR (LRl o, 3 B 2R )™
A SERCER T BB B B R a2 (S
g SEERE OO SR AT T
4 BIEHEE S

2) A P REE R HE B AR B S 5 B HE
385, 2021 47 H 16 H 9 1530 4342 EBARBAE
Ot G RE IR AL B B iR 3UR 3, B 2B RS 5
¥ 52.78 JU/t, B 16 T1 t, RACH RGEMIIEX 1L
1847, bp i A TR B Rl i 3 i A — B B B BL

4 & &

DA AT BT i ey RO A A% A
I7E XA 660 MW BREEHLA 365 MW A HLA
1660 MW SATMHLAL A TRRHEBOT . . FE45 % %A
T 3 P 2 AL ok TR HE R = 4 Bk
2303 751,573 945 .1 988 626 t/a, BAf; % L ft i HE
HCBUE 294 0.827 9.0.373 0 1 0.714 7 /MWh,
BRI BT & Hi o e HE TR AR, AN R SR AL AL 1
45% , FHRLHL , BRI RRHERCA A BEALLL) 86%

2) MK LT B HE R IR A A SRR %
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