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A carbon emission factor calculation method for power systems considering line parameter correction
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Abstract: Carbon emission measurement in power systems is an important foundation for clarifying emission
responsibilities across different sectors, formulating emission reduction measures, and achieving carbon-neutrality goals.
Carbon flow theory, based on the power flow tracking principle, enables the calculation of carbon emission factors and the
allocation of carbon emission responsibility within power systems. Since accurate power flow results are fundamental to
precise carbon emission factor calculation, their accuracy is affected by the fidelity of the network model. Variations in
transmission line parameters may result in significant errors in carbon emission factor computation. To address this issue,
a carbon emission factor calculation method considering line parameter correction is proposed. First, the carbon emission
factor calculation method based on carbon flow theory is analyzed. Then, by using measurement data and an improved
Newton-Raphson method to correct line parameters, a carbon emission factor calculation method that incorporates line
parameter correction is developed. Furthermore, the influence of line parameter variations on nodal carbon emission
factors is examined. Finally, simulation results verify that the proposed method can effectively improve the accuracy of
carbon emission factor calculation.
This work is supported by the Natural Science Foundation of Zhejiang Province (No. LQ22E070006).

Key words: carbon emission measurement; line parameter correction; carbon flow theory; improved Newton-Raphson

0 35

T Fan)E, NFEGEshPREMARLAREE, T
BRI, KA RS SRR

EEWB: iy g AAF A4 E K8 (LQ22E070006) ;
AT K A AR ST %] B FBh (2024R4094030) 5
WL HEFHF TR HFHFERE K8 (JGBA2024211)

B, IR AR . I E A2 i
TERGERZ —, N T AN AT
ATAEATIAEE . RAR T EEAAT IR 2 B e BRI,
BrebicR BT, Rk, b B A SR BRI
OO HEAT B s vy . AT RERE IR,
FUL S5 A 4R W ) RS BRHEBOIR

H A L) RGBSR T 5 R B R )
FUBRR TS . e —FhoRI & R T Gt



- 146 - W) &SRy SR 4

B2l icE m s 2, HEdE RO A s
Gy, BRARTRIE, (HPRSRREERIR, Reenthk
HLU R B FETSCR RIS, TV S SRR oy A P
T IAE 0 W2 A B HE AL D B P T 3 I — i 3
MIREANIL, SR A AR T R B HLAR B HE B 5
SR O 53 RGP 1 255 R S B,
BT SR RE NS B HET AR R G &A1
BRAEG L, O R GE IR SRR AR it B O RS2 )
3.

SCHR[OTE S 2 i 4 i A i HE I > M 5 AR 4
RS G, Al TIREEBGR M RA S S
FESE, FRit— D4R T BT S i il B
T, SCHEROI3R T ok A 4 A B ) JR Gl HE I
TIMT o BRI L SRS L AR B HE TS0 I R, SR
[12]5% H AR 8 S BORA UL PR B =R 40 550 0 G 19X 2%
BAREM T 30 SCHR[13 ]2 T L R0 LA 70 A BEAR B2 Y
AR WA A AR Tk HE TSR U B R R BRI
THE 7. STHR[1415% B —Fh 25 R8I 45 5 3 e il
JIRIBRHAETBCR AT T . BEAh, SCER[15]8R 15
JET DI i ) R GE RO B . SCHR[16]
VU o BT 125 5 i e i X P 0 i SR (A
AFITH SR R R T £ RAE . B
WF TS B B BEAR (1 HE 0 R GE RO R K 2 A
T AL ) LR B ST, R S B
FBEAFEAS R BN HE B s R R, X 3
BURHBOCE AT B G RA TS . ik, 75
2545 W 2 T SEMUIR A TSRO I e 4T 4b
A RS IEN o SR LS B M A 1 D 2
B, SERREAT H R RE K AR AR R AR B
WIS HAACKI 8, 2 S AR AL R 2445
RYAHERA I B S BRI SR AR BORR 22

BEXT R R, ASCER Y — R L i S 8B
BRI RGO 7k 7%, R
B IR BHITSHL, AT S DL SRS A (1 B A AL
5. HSE, ot TR IR G TR
o SRJG TR P B R AR S P A SR o
LR SHATIZIE, BRI T B R S AR
AMEIE RS R RO S % . AESLIEAS b, 2 #fr
T2 S HRAC BRHE U T B . A
L SBIRAE 7 TSR IE A R

1 BARGT RBHMETFHE

MFEA N RS, S ADHREK
B, A DN IR S A 25 T T, AR
R R AT AR S RO FRREE, R 2% P 21T
(¥ FEL LI 2 (DTN EI R &R o

AL -1,=0 (1)
e A9 NxBRIRERFERE, Horb B NG
e 1,09 Bx VI SC H it A A & 1,09 N x 1 4
F R RN FIR S [

RIKFEFE A rhooaR-1 ARSI a1 5
HORBEHAPR-1 o HALTRIE 0, TR
W A, AT RAESCRE DN T R R Ry RZ A
RE TR 1 HIFERE A, WAL S F N A 3
HRFR. H, FR(OIFRD AT AT R TR
PRIy, T

Inp :Is _Anclb (2)
Inz :Apolb (3)
Aot Lo L, BN AR Tol sl

I, 5 k25 SCRR FRI 1, 7 AT 2 AT 257 At 1)
TR RE DR, Hrb s i RN kSR SCER Y
ORI R T o X T SR FLIR LT )
LR FE | 1, K RS Ty, T B AR O R

L, BT, AUE IR BT S A I, 5
I, R RN
IbMat = _Anediag(lb)Al;rO (4)

A diag() N ALIEE
DB BN IR E D =W a7 B RNV RE B v
Inp,i :Isi + i [b,ij (5)

soefe 1 MBI T, 05 i AN ER: 1, A8
LIS i A%, TR 1,=0.

R il

e ) AN
BT BN SRR
Fig. 1 Currents flowing into and out of node i
X (5) 555 P L HE I e LAY i1 @ AR IE
U, » ATRENT R RIS, #8515

N N
Ssi = Unt']si = Snp,i _ZI: Sb,ij = Unilnp,i _Z Unilb,ij (6)

i i
e S, AT R REEAR IR, A Aol
N, TS, =05 bk xr AL S, N

METEAR IR, S, TR EAT R IR,



MR, 4%

HRREH S IE R RGN i HOT L - 147 -

MRYETT SR AR LB EN, A0 S
NSZIE R ST DS R K TR T A\ 3L
B THIA G RUB RN TV ], Ehh
AR, HRBIBH S5 EHRE XK,
A (6) S T L i A DI F R R

N N
F, :R1p,i_ Z R),ij :Rlp,i+ Z ag/Pnp,/ @)

J=lj# J=lj#i

Hp
R Re(U. I, .
c@:—ii:__l;igiJij
Pnp}j RC(U w 1 npy

X PO BTEEANA IR, Al
RN, WP, =05 P, PSRN i,

np,i

FUSEANAIIZhR B, W R IEAT A A

3. |
ARSI, e R

P =(E+I)"P, (8)
KRefe PONULP, R § NTEEMIAE: E N
N x N SR PORLL P, S i AN TR RIS &
IT X TEE R 055 i 475 ) B0 N oy HIHERE,
THREM=O) iR .
CRe[(U1")o 0y, ]
C Re[l(U, oI)]
Re{(Y,'I,1")o {4, diag[¥, A" (¥,') I]14),}}
Re{l{(I]Y,") o (I,)"[E - (¥,") AY, A 1}}
AXrf: U, RU MBS RS R & 19 N xl
YT e o) By ¥, AT S AN, ¥, NS S
PRI o 7 FEREGTE O, s WAERE L AR
R(Q)EW, &1 15 I TE NI R F R N H
BN A A . T Ia ThhSE e,
& F VAT TH TH 26 BT X IS2 (A 7 B 6 S Bk fs
(AT AR BEVECAY O) 7 7] b4 71 422 50 46 2, BDR
TS T L R 1 e i e A D 4 e R 0.
DRI, %745 3 N B S B IBOR A  21) ) e €, T
FRN

)

C,=P,ce,=(E+II)'(P.oe) (10)
Kor: e, T SRR FA R e, N <]
YT S AR BRI BE S IR, 2550 0 AN
VN, We 5 i tEe, =0.
BT SR T A e,
C, _(E+IT)'{Re{[(A¥,A") ' []o ]} oe}
(E +IT)"' Re{[(AY,A") "I ]I}

"= p (11

np

R AN AR AR B T 5 R T
HRBRHE A 7 28I ai i LR S B AR
AR MRS HOREARNT, K 51T mgaE
KT AeAL, ALK AT e A RURIR 22

2 FEZERSHTHMT SixHEEEFIT

Br*

2.1 BT -R R AM & RS BUIE E A

A= R A HL ) R G R T
i, HULA SRR E AR AR A &, DAY
RIFPETNAR, 80 R BRI ARSIt A
TiRE, FIRHMERT AR ERR AP R, R LA
KAS IR AR A B, T SEBUEATH S H PO,

& 48 A iR R R AN E IR R S O 3
YNFERE IR AE o S ZR B AL LR B SR B IE,
XL S HAE R B —FvE ., R s
A=tz i,

T SR L N 27 R DA TC D4 T R
W= (12) TR

AP =Pt —UfiZU:j(g; cos@f +b§ sin@f)
j=1

] (12)
AQf =0l ~U, 3 U, (g sind) —bj cosd])
Jj=1

Kfe AR AQE RN ke UGS R i A
i THDNREAPiTR: P O M NATES kIR
IEARH AT AL 1 R RIEENE B BT Uy Uy,
G RNES k ORI IEE 2 =i
I, gy B 7 BINES k OEART AL B E R
EHAN: 2 =i, gh . B AG 3 RIEE k k%
R R i j Z A A S B R RIAL 2
WLk SH0e T g - HANE . IRIREUL 5
U, MU 22 0 SE RN 2 OR Az &, ok AX(12) 3 5 fi
SR MR SO RRE RIS AT AR A
[Agh AbY A AU AULT =J'[AP* AQ/T" (13)
Xrf: Agh ABEL AGF . AU FIAUL 53 5 AR B
AR k UOERIERIIG R, J uTER] HUAE R,
H 3% TE RN D BTE DA 11 80 SR A A2 B 1
Ty bbn 47 N)TOEEE . J BARRIAAON

A -B C E G
J= (14)
B -4 D F H

Hr



- 148 - W) &SRy SR 4

OAP
A =a—,§= —U[’;Uff cos@’;
&
AQ!
B= aa Qk =-U,U, sind;
&ij ‘
aAPik krrk _k o3 k krrk gk k
C= 20 =U,U,g;sin6; —U_ U, b;cost;
i
oAQ! .
D=8 - ULUL gt cosdl ULV sind]
i
OAP .
E= ; =-2U%D! —Ur’;.(g:j‘. cosQf +b§ smH;)
OAQ! .
F= U 2ULDE —U[’;.(gi’j‘. smH; —b; cosH;)
OAP* .
G =W = —Ufi(gf; cosHIf +b§ smH;)
nj
OAQ' .
:—aUQk’ =-U, (g, sin@; —b} cos b))
nj
A3 HHAARIFE EXT R A B AT B 1.
(P2 I I 2 I R
g; g | | Agy
k+1 k k
by b Ab;
0" |=| 6; |+| AO; (15)
Uk-H Uk- AUk
k+1 k k
U, | Uy |AU

B TE IR SR AR AR B AR TR S (12) E T SR A
DyZAir g, A2 R (14) SR nT LU AR R )
A3 B IEREL R, BEELLEPE
LR R YA P4 2 2 :(16) s I WSl 2 A4
i, fEIRIEARTHE.

|aPt aQ"| <& (16)

Kot AP I AQ 42514 th 445 IR T AP
T AQ HIARIBIFI R, & M % AR,
AR SR R R s “| |, Ak isoEs.
2.2 EEERSRIEENT SBHNETHERE

EFLL S, R RS RS
th 1) 3 G5 AR T, SRR R 2 .
LG B F

1) TS kU S A T TR R T D R
FO R T

2) T kU R R S T4 BT
b R AR B IE A

3) AR T T 7 2 S P SR
SABH ISR, it B S A

4) AR LR S MU IS SRR T

‘ B B R ‘
v

‘ T I %7
v

dud AT R S
EIEMH

T DA 22 TR AL
FEPEERBOA B R
EARIRE?

’ R B HE ‘

v

‘ R A T ‘

B 2 FE&EESHIEENT RRANEFHERIZEE

Fig. 2 Flowchart of nodal carbon emission factor calculation

considering correction of line parameters
3 LS HTURT SRHE TR S

(L) AT, BRI T (1 5 55 F
M. RIS M. MARINEN R X, YLk
KL SH I SAVEREA LR, BEHEN Tt
AL A, N Wik B 2 K R Bt v g 2
GRS TS, B MR T
B, » FonEH S, WA7)FR.

@=%ﬁmﬂ%wﬂ) (17)
Ry, NERER SNV Ay, NERIE ST
B S NBHBE, SRS HD AT
B, MRFI R AD, .

AR R ST, R SR T

BRSO R TRk S 7

Ae =GAD, (18)
R Ae, NS HUA 3] & SRR
TR, G AR, HE T
kHILEN

OAe,,
Gy = B (19)
YGRS 28 E B, A Z 5 RE MK
W25 RERE G KA S8, ORI 7 1A
NIRRT B R (4 25 S B P, Rk



HRREH S IE R RGN i HOT L - 149 -

HRR, 5
S IE S|
max ||Aen||2 = max ||G|| =maxo(G) (20)
|ad, |, lael ="

Kf: “o()” NRAREEH.

(20)FR W e KA SAE 7T A i 2R Bk S R
AT REHE AR 711 S 45 R RE T . 2552k
%S HOBA R T A S 19 & A, &b T RS KA
SEART SRR H LR, AEELBRSHEIES
H A T E S R R E R, RE KRNI
T RGN KA R BT RS K& A
AT DU Al £ 1% 2 B A 06 1 s B HE IR 7 5
M FEFE
4  EHHI5Hr

N BAEFT R AR A MM, £ MATLAB 1
HOF G e T oY) IEEE6 L 30 5 A R G4l B
BB 2GRN 3 . SRR AR
Iy SRR R RGN 22,23 K IR H
BLZH, 0 B FE R BHE 5 B 35009 00 FAth T 25 14 2,
13, 27 BB ML BRHEGRREE 2 508 0.875.
0.875. 0.525. 0.525 kg/kWho

& 8
l_ng 1T5 ¢

28 s AC 4—\1‘ A 19

e
1 11 e |—|'$—'
8 ]

. = bt BT
m | 22 | I | v
—‘_I_.LJ.L27 29_|i|_ _|Ji30

3 Bty IEEE 6 #1 30 T5 & &
Fig. 3 Diagram of modified IEEE 6-generator 30-bus system

4.1 FRIIATEIRRIEIE

T~ T LA ) BT LR HE AN A e R AN
A, WE 3P LT TR TR RER

1) T 1: &MELBRSEIRERME, BT
AL S ERE R T8 N-5%:

2) T 2: ML SEBNA—, JFLEKS
BB H FTE-10%~5%0 FEl N BENLIUE,  |Ad, |,
T8 1 PRRE—5

3) T 3: SMLERSHE K AR KA, B

AL S BRI T8 N-10%,  [Ad, |, Z 0L 1
H 2 %,

3 Fh LN RIE S FEFIAE RIS HUSIE T
AT R 7B LA FE LR A
i, RIS RS B RIEATRE, g5 RwE 4
Fis, 3 FhLOUMEIERT R TR R ZXT L&l 5 fr
Mo ANEELSHUEIER 3 Fh LI ERZE
eI 0.0028. 0.0353. 0.0060, FEIEIE
Ja 3 M LA RARZER YU LT N 0. B IE
HI G 25719 B HE R~ oh SR 22 B DA A S 2
R IRZE, AFBEBESEUEIEN TH 1. 2 #1 3
T RSUBCHETUR TS AR XS IR 22 23 1 R-0.2980%~

Lo} T MEEE |
-
ZEETil

0.8

I iy !
oor EEEHEREEHE

I
04} i

A RIS T/ (kg/kWh)

1 My
o2t AT

RS
(a) L1
_ 10} T AL |
= Z.
Z =il
2
H_,
K
E=
s
=
i
s
_ 10} AL |
§ __JCTis
Z Pk ||
2
=
B
-~
E
.L:é
B

(c) I3

4 3 IR TAET R E I BRI

Fig. 4 Comparison of carbon emission factors of different

nodes under three conditions



- 150 - B 2GRy 524

1 4
s 107
=
=
=4
on
<
H
oK
B
+=
15+ —6—— LIAMEILL
— x — IRIEE
,20 1 L 1 1L 1 I
0 5 10 15 20 25 30
REIRY Ao
(a) L1
0.02
0.01f
e
T O
on
2
0 0.01f
o
o —0.02r
+=
-0.03 + —O—— LH2ARMBIE
— > — LH2EE
-0.04 : ; : : : :
0 5 10 15 20 25 30
RElt s
(b) L2
| %1073
=
z
=
e
<
P
oK
bl
oot ,
—o—— TU3AEIE
— > — THB3MEIE
,4 n n I
0 5 10 15 20 25 30
Rt e
(c) T3

5 3 MR TMEERIEIREXLL
Fig. 5 Comparison of errors before and after correction

under three conditions

0.0817%-+ —5.1163%~1.6033%- —0.6304%~0.1720%,
M LS HIEIE G, 3 A Lm0 sSHER
Al F 1 BAHXR ZE 739509 05 —0.0013%~ 0.0039%-
-0.0013%~0.0131%. 3 F LHLF, FHIETAHEEL
P& ZHAE IERI SUBHEBUR F A X IR 22, B R
SHUE IE G MAIRHR Z B8 B 2E N, 8AE 7 Tty
VELEANE T R A 3

FEI AR, T 22, 23 R HERGRE N
O FREEYE, T A 21 FIVENTHR L SR A 5 22, [
U 3 AN SRR 3908 0, BLEAEXHAZER

THE 200 13X 3 AN R
4.2 ZRSHTHIEENSW I

FL 4.1 T 3 Fh TSR b 2k ik S 5Bk
T2 P9 OB HE IR 7 A SME o B S THBRLARLAT] Do 2t
RPUEFEFE G BT RAEN 0.3564, RN R X
I B K wF B A B S &y,

RECTHL 1 AILNE 2, P ||Aad, |, MHIF, H4
0.3202, HI7 A A, J5 1) AT iE i 4R 5% AH AU
EF REd, mQeDHFTR.

_ AP oy
R TN N A A

RN, T 1 HAd, Sy IRZHALL
£ F, N 0.0046, 1 T840 2 WA 0.3, TiARYE 4.1 15
TEARIMAR, T 1R 2 thAe, |, 254
0.0028. 0.0353. EPFEAHE —yu# ™, BT Lil 2
tAD, BTy BITT IR, BRI AR TS AR
R RR 22 YR K.

HK, THOL1AITHL3 A, Sy, 2 IAHIAT
HIBIE F, #5759 0.0046, L 3 1A, ||, 5 0.6404,
BT 00 1, 7L Ae, |, 79 0.0060, KT T 1,
T A, T HIFRS, [AD, [, K, |Ae, |, HEK.

RS IUE L B, ) E A, |,
03202, 0.6404, A®, 5 v IR 5% AL ETE
0.05~0.55 Y il A A2 4L, THEA3 2] A, |, WIIET 6 7R«
BE—BUEH, TEAMFERRSZAHUUE R, |Ad, |, 8K,
TR B 1 A, |, BEROC; ZEAH R
|AD, |, T, REZAAEER, [Ae,||, 8K, BIZERK
SRR T I S v, BT, BT ONE R IR
B, R TR ERMER S . T
B, BT 2Rk 2 S BB BT R, S0
/AN, AD, T EITTRBIN, [RTT IR, S5

0.15

@n

max

—o— |Ag, |, =03202 X’

——X—— |A®,], =0.6404 X
0.10F - -

[Ae],

0.05F

0 0.1 0.2 0.3 04 0.5 0.6
ARGZARAEF

6 Jad], 5 e |, o325
Fig. 6 Relationship between ||A45b||2 and ||Aen||2



MR, 4%

HRREH S IE R RGN i HOT L

- 151 -

MR ZAAE F, RS T 1R 5E 4 [F ).
4.3 FINThERIT Rk E F R0 5347

TESEPRE I R G, TCIh RIS 5
JE~ ST IR A RS HFE, O Rz O A Dl A
SRR T oA . R, AR A S Th T
RN AR R R . LU 3 B RSEH
TGN T 4, 20 B B 5 S e Th # far 86
W 20%, TEETHLS5. 6. 3FV T, REAY)
WFED N 2.8981. 3.1563. 2.3292 MW, L Ihi
FE53 904 10.5830. 11.4442. 8.6893 Mvar.

3 FP B0 R A BHEUR T A L 7(a)
Fam, Tk 5. 6 17 sUBcHER R 7 A+ Lol 4 19748
B W 7(b)Fr~. ATCLEH, ToIhURmAs{l
U T U 1 B A A s L. T 5 AHEE T
T4 B AN, SEREFREREEL S
IhINZRR AR, S BT s R 3K .
1M 00 6 FE LIRS, &1 AUBseHE S 7 k)

10f T
ost EEREEE X -TJRS
. ZZZ RN

0.6

0.4}

T HEE -/ (kg/kWh)

02}

() L LTt e 0 e TR DN T i [ T

RS
(a) NFETED G 55 sUHE R 723 A

0.02

0.01}

0 nl Hl 1 LI“I"”l_ﬂl n|

-0.01}

002 s
003 | NN T 6

B PR 28 A (kg kW)

-0.04

510 15 20 25 30
TR
(b) AFEES S T R BRHER A2
7 ARIENGEF LA T REHE Fom R EK
Fig. 7 Distribution and changes of nodal carbon emission

factors under different reactive power load conditions
5 £5ip

Bt xt HL I R 2 i 2 A A 3 SO RO S AN
HER IR, SR T A5 S L ig S AR

ARG WA 7 B . %07 e o A -
FLRIER LR B SHCR AT IEIE, TS 1

RUBHEUR i SR HER T . 2T AU R T
[Fa) 0 28 % 2 U AN TR [ o 1) R R R R 1 e K
A SAE AT T RAEFTIR iR R 2 U)ot
IEEE6 #L 30 5 sl RG 1 A 25 TR B, Fri riEqE
AR 2R % S B AR B ) LR 2 RS A R Hh 3
B ARHE R T, ST RE T RES R
B0 R g o R 2 S (L 0 N P A5 3 S 1) o 7 ) A
3T, BT TR A HEUR T AR ZE AR
FORTE N

SE 3k

(1] ki, skt 1R300, %5 i+ & LCA BrRHFIIR

if XU 5 R 2R R BERIT FE ). o ) R GRS 41,
2024, 52(2): 48-58.
ZHU Yongsheng, ZHANG Shibo, XU Qiying, et al. Source
load bilateral cooperative game scheduling considering
LCA carbon emissions[J]. Power System Protection and
Control, 2024, 52(2): 48-58.

(2] ZE5M, W, BRI, 55 FT CHP HLARA T

Hr i 435 B IR R GUARAR A BE AL AL T ik [0]. B =,
2024, 52(6): 31-37, 83.
LI Jiatong, XIE Ning, WANG Chengmin, et al.
Low-carbon dispatch optimization method for integrated
energy system based on carbon emission analysis of CHP
units[J]. Smart Power, 2024, 52(6): 31-37, 83.

(3] ZZiE, IR, oM. JET ook =R Bt sl -4

A0 25 R R ) KR b T O B B RO SR A B AT,
KEFAR, 2024, 45(3): 458-467.
YUAN lJiahai, HU Yuelin, ZHANG Jian. The carbon
emission efficiency of China’s listed thermal power
companies:an improved three-stage slack based measure-
data envelopment analysis model[J]. Power Generation
Technology, 2024, 45(3): 458-467.

(4] XPRE, Abete, R, 55 B RGEMABUZH LA
S5REEI]. BARGRI 515, 2024, 52(4): 176-187.
LIU Tianwei, BIAN Xiaoyan, WU Shan, et al. Overview
and prospect of carbon emission accounting in electric
power system[J]. Power System Protection and Control,
2024, 52(4): 176-187.

(6] gkZedz, A%, 2506, 55 X HAR FKHE) CO, it
BB BRG], KHEER, 2024, 45(1): 51-61.
ZHANG Anan, ZHOU Qi, LI Qian, et al. Research status
and prospect of CO2 accounting technology in thermal
power plants under the goal of dual carbon[J]. Power
Generation Technology, 2024, 45(1): 51-61.

(6] VEMERE, BREE, IBKz, 55 T W0 R R )

RGO T T AL R ER S TR, 2022,
22(12): 4835-4842.
WANG Chaoqun, CHEN Yi, CHI Changyun, et al.
Calculation method of carbon emission stream of power
system based on power flow distribution matrix[J]. Science
Technology and Engineering, 2022, 22(12): 4835-4842.



-152-

W) R Gy B

[7]

[10]

[11]

(12]

[13]

[14]

[15]

SOprd, W, AR, SF. BIEHRBOR 5 R
L RGP BT EZ D] f8 TREHOR, 2024,
43(5): 81-90.

CAI Xinlei, DONG Kai, CUI Yanlin, et al. Two-stage
optimal dispatch of power system considering carbon
emission flow and demand response[J]. Electric Power
Engineering Technology, 2024, 43(5): 81-90.

MR, B, FFEER, & BORGHAGTHES
ST TR R T]. T E L TR AR, 2024, 44(6):
2220-2236.

LIU Yuliang, LI Yaowang, ZHOU Chunlei, et al. Overview
of carbon measurement and analysis methods in power
systems[J]. Proceedings of the CSEE, 2024, 44(6):
2220-2236.

JARE, RER, R, 5. 81 RGERHI0R 5T
HISYHR[T]. ARG E ML, 2012, 36(7): 38-43, 35.
ZHOU Tianrui, KANG Chongging, XU Qianyao, et al. A
preliminary study on the theory of carbon emission flow
analysis in electric power system[J]. Automation of Electric
Power Systems, 2012, 36(7): 38-43, 35.

JARE, RER, R, 5. B REmHR T
FIHEIRD]. 1RG0 H Bk, 2012, 36(11): 44-49.
ZHOU Tianrui, KANG Chongging, XU Qianyao, et al. A
preliminary study on the theory of carbon emission flow
analysis in electric power system[J]. Automation of Electric
Power Systems, 2012, 36(7): 44-49.

Wrik. H AR GERRHEIIR 2R 8 S I 24437 3 F 72 [ D).
BN : WK, 2016.

CHEN Da. Study on factor decomposition and network
flow analysis of carbon emission in power system[D].
Hangzhou: Zhejiang University, 2016.

KHOSRAVI M, MONSEF H, ALTABADI H M. Network
loss management and allocating the transmission losses
to loads and generation units according to their
transactions[J]. IET Generation, Transmission & Distribution,
2020, 14(8): 1540-1551.

Abn, XURE, B, S5 ST H TR A AR
HOCmR v 57 [7]. MR, 2017, 41(3): 840-844.
LI Yansong, LIU Qizhi, ZHANG Zhenbo, et al. Algorithm
of carbon emission flow based on power distribution
algorithm of carbon emission flow based on power
distribution[J]. Power System Technology, 2017, 43(3):
840-844.

BRECE, mim, BAER, & TFEMBUSEReIE I
HL RGBTSR A T[], RS TR 2224, 2025,
41(3): 46-54.

CHEN Qing’ao, GAO Qiang, MAO Zemin, et al. Analysis
of carbon emission flow in power system considering
network loss and new energy output[J]. Journal of Tianjin
University of Technology, 2025, 41(3): 46-54.

JER, WAESC, WM, 4F. T HIRWIRIBE R
JIR B HEBCGT B ] B R G E B, 2014,
38(17): 113-117.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

GONG Yu, JIANG Chuanwen, LI Mingwei, et al. Carbon
emission calculation on power consumer side based on
complex power flow tracing[J]. Automation of Electric
Power Systems, 2014, 38(17): 113-117.

WU Xinping, YANG Wei, ZHANG Ning, et al. A
distributed computing algorithm for electricity carbon
emission flow and carbon emission intensity[J]. Protection
and Control of Modern Power Systems, 2024, 9(2): 138-146.
W%, 530K, ERE, & T ERUBERR ) RGUE
RIHERBRE DR ET]. HTER, 2023, 44(5): 108-119.
YANG Yi, YI Wenfei, WANG Chenqing, et al. Low-
carbon and economic optimal scheduling of power system
source-grid-load based on carbon flow tracing method[J].
Electric Power Construction, 2023, 44(5): 108-119.
TRRE, £, #MREE, & ET VPPRBIRTENZ
H br 2 I fa] )RR AR EE[T]. 25 B e g, 2024, 52(1):
30-38.

YU Dongmin, WANG Xiaopeng, SUN Qinfei, et al.
Multi-objective multi-timescale optimal scheduling based
on VPP carbon flow calculation[J]. Smart Power, 2024,
52(1): 30-38.

ke, BRI, XL B RGIRSETH RS E N S
DHTIRRD]. ARG 51, 2024, 52(20): 12-24.
ZHANG lJing, BI Tianshu, LIU Hao. A comprehensive
evaluation and analysis system for accuracy of power
system state estimation[J]. Power System Protection and
Control, 2024, 52(20): 12-24.

KUNDUR P. Power system stability and control[M].
New York: McGraw Hill, 1994.

WEL, 2N, TR, . FCHPRINT S 8B S 4
HERBE L], IR S ER R, 2023, 38(4): 46-56.
DAI Xueting, LI Hui, HE Baina, et al. Research on
topology analysis and line parameter identification of
distribution network[J]. Journal of Electric Power Science
and Technology, 2023, 38(4): 46-56.

SKOGESTAD S, POSTLETHWAITE 1. Multivariable
feedback control: analysis and design[M]. New York:
John Wiley & Sons, 2005.

FERRERO R W, SHAHIDEHPOUR S M, RAMESH V C.
Transaction analysis in deregulated power systems using
game theory[J]. IEEE Transactions on Power Systems,
1997, 12(3): 1340-1347.

fs HER: 2025-02-20;

&EIHHR: 2025-07-31

EEET:

FHR (2003—), %, BRRH @ AR S ) £ s%itE

BoH7; B-mail: zyc.29@cjlu.edu.cn

Ao (1991-), K, @fMkA, WE, R, s

) AT HER W ) R Gt B A, E-mail: di.zh@cjlu.edu.cn

R (2003—) , 4o, BRI 4 HH R G A R LI

B oAt . E-mail: zx2200301@163.com

(% K #)



