F496 F 11
2025 F 11 H

CIN CE 5 NS

Power System Technology

Vol. 49 No. 11
Nov. 2025

XEHS: 1000-3673 (2025) 11-4649-10

RESES: TM 721

XHEMFERD: A FRMEES: 470-40

BHANRGT RudbriEEIRIBITTE KR
M HERUR S VTG

Eos!, AET,

e, EmE S, EHE, TR, AR’

(1. AXKFEAEaHLFR, FE XXTF 430072;

2. Z@REFA RN 8 B F AKX R TS,

=@4 BT 650011)

Rapid Calculation of Locational Marginal Carbon Intensity and

Carbon Emission Volatility Assessment for Power Systems
WANG Huiji', KE Deping', XU Jian', YUE Xiaoyu', JJANG Xinxiong', WANG Jun', YU Qiang’

(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, Hubei Province, China;

2. Grid Planning and Construction Research Center, Yunnan Power Grid Co., Ltd., Kunming 650011, Yunnan Province, China)

ABSTRACT: This paper delved into in-depth modeling and
analysis of locational marginal carbon intensity (LMCI) and
developed a comprehensive set of indicators to assess carbon
emission volatility from multiple perspectives. Firstly, starting
from the locational marginal price and considering the
characteristics of generator carbon emission intensity with load
rate, a time-flexible definition of the LMCI was proposed along
with corresponding fast computation methods. Subsequently, to
explore the low-carbon driving force of the LMCI within the
context of electricity and carbon markets, a bi-level low-carbon
economic dispatch model based on the LMCI for transmission
system operators and load aggregators was proposed. Then,
three distinct indicators were introduced to capture carbon
emission volatility from temporal, spatial, and market
perspectives: locational marginal carbon intensity consistency
probability, locational marginal carbon intensity volatility
expectation, and producer carbon benefit volatility index.
These depict the carbon emission volatility of each time
interval, node, and system. Finally, an example analysis was
carried out based on IEEE-30, IEEE-57, and IEEE-118 node
systems to explore the characteristics of the LMCI and its
effect on low carbonization and verify the effectiveness of the

indicator system proposed in this paper.

KEY WORDS: locational marginal carbon intensity (LMCI);
low-carbon economic dispatch; driving force; carbon emission

volatility; assessment indicators
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Table 1 Relevant statistics for PCB, actual carbon
emissions and marginal carbon emissions

Bt 75 %/kgCO, ¥l /kgCO, BERH

PCB 97959 830108 0.118
SEBRBRHE 19409 3509196 0.006
B BRBHEIR 103942 4339305 0.024

PR G8 JEIR T ANIFI R F- AR A YR TR 5% 22 b
#(0.03~0.07)15 5 F PCBVI Ktz tk., 4508
N, BEEAMEZE RGN, PCBVI AN BT, HIgA
BEARAE 2 KT 2% BRI, AT
RGBS VRS R bR 0 LR S R, 5
W B R E BN — . FRERIAHE R R A E
TEAEASNE, SEPRMN . £ Copula BLR13%5¢
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Fig. E1 Schematic diagram illustrating the LMCI of all
nodes in scenario s during time period ¢
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Fig. E2 Schematic diagram illustrating the LMCI of node
e across all time periods in scenario s
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Fig. E3 Diagram of the relationship between surplus and
generation cost of productor
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Table G2 Coefficients of carbon emission intensity of the
thermal generators (Case 1)

£ 5 R 5 (kgCO/MWh)

ML — — — —
AR RR R ZR SR K (o

1 —624 2159 2142 480 2246 -1496 1352

2 —624 2159 2142 480 2246 -1496 1352

3 -390 1349 -1339 300 1404  -935 845

4 —429 1484 -1472 330 1544 -1029 929

5 -234 809 -803  -180 842 =561 507

6 =312 1079 -1071 240 1123  -748 676

R G3 HAAOXBBHHRERBIERD)
Table G3 Coefficients of carbon emission intensity
coefficient of the thermal generators (Case 2)

2 130 A B (kgCO/MWh)

bl — - -
AR HR PR SR SR IR BB
1 -208 720  -714  -160 749 -499 451
2 -208 720  -714  -160 749 -499 451
3 -130 450 446  -100 468 =312 721
4 —-143 495 -491  -110 515 -343 655
5 -78 270 -268 -60 281 -187 1202
6 -104 360 357 -80 374 249 901

* G4 KfEtEaE

Table G4 Solution performance

MERESE bR Bl
IEARIKEL 2
SRR A)/s 3.56

G5 RN TSO & B R A FERHEK
Table G5 TSO power generation cost and carbon
emissions under the two models

Table F1 Sparsity of the matrixes related to the LMCI T3 REBAS  LBRBHRUkgCO,  WFRBHFUKgCO,
calculations LCI 79322 3510670 ~
A5 E diag(L)E D LMCI 79722 3510410 4300195
IEEE-30 98.20% 99.86% 97.92% *G6 FHIERTH LA BITRA
IEEE-57 98.00% 99.98% 97.711% Table G6 LA operation costs under the two models
IEEE-118 97.93% 99.99% 97.91% — N - -
- : - Tk KEH THLSAS  BABURAS BRA/S
FF2  diag(v)E KI%EE K LMCI 58 LAl 57970 180210 238180
Table F2 Dimensionality Of dlag(U)E and cost time fOl" LCI LA2 36662 100643 137306
calculating the LMCI et LAl 63732 206562 270294
24 diag(v)E 4 1H)—Q) ()T FH I [A/s LA2 37277 137453 174731
A A RIS EM R #£G7 FF LA MTE LA BN
IEEE-30 3744 144 0.12 0.08  0.03E-01 Table G7 Nodes managed by each LA under different
IEEE-57 6960 168 0.17 0.23 0.01 numbers of LAs
IEEE-118 17232 1296 0.27 7.70 0.11
LA M B
Mk G X LAL B 1-10. LA 8345 24 11-20, LA3 &5
#* Gl BAEBHEH 4 21-30

Table G1 Parameters of the thermal generators
B S RBOR T I/MW Z IR A RS MWh'2) — RITAH(S/MWh)

1 80 0.02 20
2 80 0.0175 17.5
3 50 0.062 5 10
4 55 0.008 34 32.5
5 30 0.025 30
6 40 0.025 30

LA1 BHA A 1-6. LA2 BFEHT A 7-12. LA3 &3
R13-18. LA4 B FEYT /4 19-24. LAS BFFH1 s 25-30

LA B FIYT A 1-3. LA2 B HITY &1 4-6. LA3 FHIT &
7 7-11. LA4 B £ 12-164 LAS BRI & 17-21. LA6
PR N 22-25. LAT BB 26-30

LAL AT AU 130 LA2 FEAT A0 4-5. LA3 B H
6-9. LA4 B HIH /5 10-13. LAS & BEY1 4 14-17. LA6
EHAT N 18214 LAT FHIY A 22-24. LAS EELNY AT
25-27. LAY & HIY £ 28-30

11 LA BFEY A 1-2. LA2 B HIY 21 3-5. LA3 FHI &




6-8. LA4 FEIH £ 9-11. LAS & HI 55 12-14. LA6
AT 15-17, LA7 BHEY A 18-19. LAS EFHRAY 4T
20-21. LAY FHEY T 22-24. LAI10 FHLHY AT 25-27.
LA11 FFEY 41 28-30

7 G8 PCBVI BRI B4 RERTUNAR EZE R
Table G8 PCBVI changes with standard deviation of
renewable energy forecast

PRt 2 0.03 0.04 0.05 0.06 0.07
PCBVI 0.118 0.124 0.126 0.127 0.128
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Fig. G1 LMP and LMCI under Case 1: (a) shows
LMCICI over time intervals; (b), (c) and (d) show the LMP
and LMCI of each node for the 14", 21" and 12 time

intervals
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Fig. G2 LMP and LMCI under Case 2: (a) shows
LMCICI over time intervals; (b), (c) and (d) show the LMP
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intervals
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