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Overview and prospect of carbon emission accounting in electric power systems
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Abstract: Carbon accounting and quantitative analysis of carbon emissions are crucial for achieving the dual carbon
targets. This paper focuses on the carbon accounting issue in the power system and starts from the perspectives of direct
and indirect carbon emissions. Direct carbon emissions mainly come from thermal power units on the source side and SF¢
gas leakage on the grid side. This paper first reviews the carbon emission accounting methods and research overview of
thermal power units, analyzes and compares the emission factor, material balance, and measurement methods around
characteristics, accuracy, and applicability, and briefly explains the equivalent carbon emission accounting methods
caused by SFg gas leakage. Secondly, it proposes a definition of indirect carbon emissions based on the relationship that
power generation load is equal to the sum of auxiliary power load, network loss, and comprehensive power load. It
clarifies the relationship between direct and indirect carbon emissions, and compares the advantages and disadvantages of
using the average carbon emission factor method and carbon emission flow to calculate indirect carbon emissions. Finally,
it analyzes the influencing factors of direct and indirect carbon emissions in the new power system. It also looks at the
prospects for carbon emission accounting methods considering future market factors.
This work is supported by the National Natural Science Foundation of China (No. 51977127).

Key words: carbon accounting; direct carbon emissions; indirect carbon emissions; new power systems

0 a|= FIPE ST . SCER(1-21 ABAZ S T — BE

= () P i SR 7E A 7 B & A g s ) KRB

DRI SER S “X” Hbn. (RdtEpraptls  Balal e COy AR =AM s s, BT

RMAEATE, HERERNSSERSGERR B S se AT M BRHER T 42% 4, 2tk

M E&S7. o I GEAT IEiZE . AL
BEEWH: BRAARLSZFAAE K8 (51977127 ; kv IS LEER RGP ERE. RIERHEL.

S AHEIE It X 2R B A8 (21YF1414700) YR HL ) R G L HE I AR TR K




KRR, 5

HL RGO L 2xiR 5 e 2 - 177 -

HLZELE, 38 A0 5 o R B 6 S 4 sl A5 5 7
Hh SE, SRR I 1 S A BRHE R . AL, LK
HEBOZ S 3 2R K A WL fa X S, A< it
RPN R o S0 KL ™ A BRI, &
FH WA PR SE R 3 M7 R
RRAG SRR K LA R A R B R A B B 75
Xt R IR HE A T AR B . 2B RX
S HRRHECRY . SPETEARE R TR,
R PR PR, THERR E I (8] A R e &
AR BB o S B RS S B 3 B
EELLTFR B W CO, MR, A, JhA
TR LA R . SE AT 2
HAREBOVNET, (ERARRGE, MAREREGEIK
TARAE) o X H R SF, it , SCRR[ 14152 H
8253 A% 5 S, % 5 4w 2 1A A HE R

HLBEAE N IRREIR, fEARA . SRR A
AR . ORI, D AL YR SEEIN P, A7 0
BB 35T, AR AT S
BORMIANF R BRAFCRE . [RI,  arc r o R o e 4
FEFBURM T EBI R, MG BRI
Pk, 7RG ERRE RS B ER R
B, I TR B DA S 4 P A D TR R T
SCHR[16-20] L2042 21 18] B HE R ME RS, SCHR[21]
S LT R G P I T BRI DAy 5
HCE AR 2T, FEDXS T R
SPASBRHEBUN P AT . AR ST VR o S 4
8, EAE DL S BRI R IR 25 22 ek . SCHR[23-25]
SEH I A2 B R HE A 5, ARV P R
A7 OIS TR RUBE EEAT TS, (BRI ) &
Gt IA] B HE SO 22 (R 22 57 1 . SCHR[26-28] 52 Hi e
JBCREEE, AR R G AR R R
THEBRHEIOR A, BRSO SR A 5, I
R EACAN R R T2 57, A5 Al 5
HESZ AR 6] (e REERRG 2178, 5R4N 11
PR HE A T R BRE

AICE AN TIA 3 FhEE R ABUZ T
FESIR S Yl KEREJTTH X . 4T H AT SChksk
Z X T ERRRHE I € 3L, ARSI T R AT S5 )
FHHLGAAT 0 S SR P ST =3 2 A, X &R 4t
LIRS SRR Rl 7, 4 TRt Y
SRR S, IR MR B LB BB
RS R T A SR e R e .
O WHRHIT I R G B (AR
IR, BIanmr FHEREIR. fRe s BT riEAE .
BJEHHT G SR,

1 BHRGEERANEZE

L 7 3 48 B4 i HE T80 32 2 77 A T s A K H L
Y, HLRON T e B sl 123 B SE, SR
TERE T S BIRHE . FLRE A IR AEYR, HAEH IS
FEA SR HE . Rk, A SOR IS K LA
5 RPN SE, AR E2 P9 A BN BRI ARIUZ 5
R IRIA
1.1 KEBHABEERHIRZER £

PR HEROZ AR 2R =2 N E BT %5 W
oy A E T RO Sy . o, ZOER BT
WA [ EOURF [A] SR % ]2 1 23 (intergovernmental
panel on climate change, IPCC) AR (2006 E K
AR PICL R (2006 $RFE) )12 2019
BATRRCY, B AR IR AT 20 2, R HER A
TFAEP NG BRI . PO 43 B T
(o B0 RS2 T Y o
111 T HERA 3% 0 K LA B HE o &

HER 73528 T IPCC R HEMI IR AZ S B ATy
T —— DL i% 3 B4 (active  data, AD) A1 HE i K] -+
(emission factor, EF) 1 A E N ax HE R = )45 548 -
AD B ANKIEEN R AERE MG S, BF fR B E
AR R, R/

T HEE = AD < EF (D

A T 1542 5 K BN LA R HE N, AD AL
HIHFEA AT RRL L&, BF X NV REA A BREL
TRHE R+, AE— AN H R B GE S N ) A K
HHLZE I BRI, B

¢, =3Mgo, @)
i=1

K n WHLAN SRS, RN n E— S
W ILTHFE m AR IREL  C NHLH n 75—
M E RN AR M, NP E— MR
FIHANTEREL A IREL | MRE; o LA BREL i 1
BRHEBUR T

€2006 F5FE) J& 2019 TR 4 H 3 Flio, L
e FMEUETDRA IPCC RRIERAHER R+,
AITESR Z 0] 5E W R Gk Bl N s 3 R0k
(T2) LA [ R A0 TPCC BRIME, 1%
Tk R EHOR N PRI E R =R, RECSHE T
Prigm s E T ERSHCY, =R EGET3) R LT
| RN E LA 1S R SR 7, PR AR
B, SRR 225 . 3 RUBUFASE LIS, HiF
FAS RIS B, RIEHER DL T2 A3, T3 A%, £
A %A HAT AT T TR T3,



-178 - B 2GRy 524

A AL B N AN RSO S B T2 M
Ho DABR BRI E 9], B AR R iAo 5 1%
OPAT IO (I AR 2651 (monitoring and
reporting regulation, MRR) & A AIE % 8 #% 26 51 )
(accreditation and verification regulation, AVR), i
YRR 2 SO BT IR 1) A 2022 4 3 B4,
SARE, FETHORE AR R,
TR RLHE TSR /N T 5000 ¢, AT 3 BUBAR A B
EF(T1. T2), 150052005 % 5 ks FE ) EF(T2. T3).

24 3R KRR HETBOZ ST AT B B B T S
Py (Al == SR B ST 1k S Fa e
BMi(2022 EITHR)) (L RFIFR €2022 45/ ) )P
(2022 f5m) w1, Q)T o, g TR R, B

o, =CC, xOF, x% 3)

Ref CC N @ R B B R B
(tC/T);  OF, %R i ML BRI AL %, (2022
SR HLSERRIE. RS RS A 99%:
% R AT TE ZHE BN CO, 8 F [ 2 (1)

CO, 5T E FIAHX 73 F i & tb). SCHR[41]2E T
PR IBATHHRE, W9 o, T CC 1 OF, X i s &
B E R, R B 38 X B SR e 25 o 3l R
2%~10%H11 0.06% o # ELER B MMR M EE A 5% Rk}
HeE I mRERETHE, ENIAT (2022 F5R)
B0 7] - 504 SR E (B G B SR ) B — BA R
ditk. seah, TEHEEZE G R EE ER . RE
€2022 ¥5FE) MR T BERIA T MBRHE, R HE L
FRREHR e = A B HEG 1T KRR A% 00 S R
FEIREHIR e = A B HEG ARSI B FE
HIBRHE . SCHR[421BA) RA BT 600 MW Al
1000 MW AL B, 534 R 7= AR A HE S i
I FEBRHEG 4 SRR AR = AR AcHE R 5 L2
T L 99.5%, Bt i FEmARIN 5 0.5%
AR, X NFE (2022 FEEEY IR B PR T B HE
AR T IR SRR S

HE A R 7 149 38 8 R0 B B R v Bk HE ARORZ B
B, RRZEFAERNEERR, JEiRsmi S R
PEo SCHR[431LAERE 8 MREEH ) N AXT &, i
FARST I PRAGEARAR O IR SR B T XS B I Bl 2
TRHERR R T, 2 BRSNS 21 59 3 SR 715
FIBRHERC R S5 IPCC R BRABRHERUR T+ 55
EAH L, TR L= 42 1 CO, HEEIE N 10.8%,
TR 5.5%, SEAMHIESE N 1.9%. SCHR[44 18 %]
A RE SR IRER B EMTT, FHEEIE
SRR RAR ST HEAUA 75 1PCC BRA

TEIZ 350 B N-40% +13%. SCHER[45)F)H U23
Iy LT HNSAR I BTA K2 THRSOF M 2R 43 B A e -k
|7 CO, HE AT ELR A I, B Giit 2 7 ik Ab HE
s, KBS IPCC 5 R R HEBCE B T X L,
KIURZEIE 7.5%

gE brrsn,  HERR IR N 2 R HER S 57
%, AIRTES S B T R AR U kAT
AR, 3T R OR B I SRR 7T 72 W
IHTe AHEFHLA T 25 B IR R A
He R F AR Se RS R 3R, GRS R ARk
W
1.1.2 BTkl i) K L RRHE U 55

YRLST- i i B S SR At B R SR e . R
PR TR R B, BB RGE & )
BHTE N5 1% R GBI % e 2 HH AR o =
A FETHAE T, RHRES TR
W2 CO, LAANIRR S B o N PR EA% S K
AL R, @) AR,

2.C0, = (X Cyp = 2. Cpy) ¥ % 4)

A DGy TRMRIGR I T W FE A5 o B 25 Tk
D" Cppy TRIRBSJE IR i) B B

TEIE FHYEWE b, kP ik BE 58 72 I 43 B St b
PIBRHER R, A8 7 b 5 — 4 e WL AE — B Ta) Y
MRRHERCE, AT IX 23 8- SRV 2 8] 1) 22 5

T HERR 7%, PP EEAMU B
(@R Vals, HMWEE TR SCR[46]1% T
YRk 5 R P ke i e S B 4T g ST B LR
BT EARR S, KIS IPCC BRANHERA TiRAH L,
HoA T B4 BARAE 27%~35% AR 2 i X — 1%
22 A JER TR BR AN HE I IR 17k oK 2 R I AR i &5 st
TRHEBC I o DRI LT A2 3 HE s R V200
AR . SR, BT ARFRENIBRERE,
IR FE R FE M SR A G RIS . AR, BRRe)E
IR~ VBB I REE I 8 i R s S R B R
FHBS ST, SEBR A X CAHERR 3RS

UEAk, PRI EAZ S 2 — BRI (R P T2
TRHER T KRG R R TR E 2, M
JUZRBEEAE . PrklPnk R et H e &
B 5] P i Hb X B — 5 4 I B HE U &, X AR
FIRAZIS B N % DB AR A O AR AL I 7R, AT
BRI 1 5% ) R R BRAFAE ORI FE
1.1.3 28-S (1) K B AL B HR S R B

S PR AS o A S WA B B AL T R
WSROI EE . UM R, 3T X S HE
HAAARHEBCR . 38 S HEROZE 2 IR R S



KRR, 5

HL RGO L 2xiR 5 e 2 - 179 -

(continuous emission monitoring system, CEMS)“**%f
K EALZHLTT i SEIT SR M . T K LA
J BRI R 2 AR BRI, TR N A2 1 it i /A R
eI Ao N 2022 4 3 H St CRHE S
AR BRHEROE S I AR ) PR g CO, /s
ARG R A Y

Gy =Gy xQ, x 10°° %)
Xb: G, WA CO, HHBUR R (Yh); C, A CO,
TRBRERE (gm’): 0, N TS ABIREmM/h).
C,~ O, " H CEMS HEZ: MR, b, il
XPG, R RIRIARRIH . B FEERE.

SV 5 4h 241 Dl s o6 LB AR SR A
EE M R = PN 8 i T & PN
TR MR S A o B B 0 R,
SEMNEATE MRRLRFE . LB, (REE &I A& 1)
BYER AT HR 2 .

FLHE, SRR B A & T AP R Z ST
% M, & “HZhH” . =R RRIMR
B, FRE ARSI K H CEMS 28 s, 25K
IS K AL BB HE AT SE AR L I, R AE
JERAG MR T 1 PR I SR At L 1 — e CO, il
HEOCGREIA] . MR E A AMERE T A, de BRI
X AR KLITE 20~40 T3 76 AP, Smim /T &
RUBAS, (EAFHE S

HAT, L7538 CAE N 8 K AT Ak
BORSHEN RSP, 78 11 G RHNH T &
M E, B4R R REL L 1000 55, 58
BT 49 50 J3RESEEE N o FERERREE T, SCHR[S3]
PABIUE ifai A 1000 MW FRISERRIENLZL S5, 43531
RO R SEIEAZ B 2019 FF44E CO,
Ao, SR aEE 1 PR
F 1 LMESHMEFEGERENELRE CO, HEEXTEL

Table 1 Comparison of actual measurement method and

emission factor method for calculating the annual

emissions of a certain unit
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Fig. 1 Calculation process of matrix algorithm for carbon

emission flow in power systems
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