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Electricity Consumption for Zero-Carbon Electricity Consumers

XIE Min'?, LI Yisheng"’, HUANG Ying'?, LIU Mingbo'”, WANG Tao’, ZHAO Wenmeng’
(1. School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China; 2. Guangdong
Key Laboratory of Clean Energy Technology, South China University of Technology, Guangzhou 510640, China; 3. Electric
Power Research Institute, CSG, Guangzhou 510663, China)

Abstract: According to calculations, achieving clean energy electrification will reduce global carbon emissions by 73.2%. The
power industry plays a crucial role in CO, emissions reduction, making it essential to guide zero-carbon electricity consumption on the
consumer side to support the achievement of the carbon peaking and carbon neutrality goals. Green electricity consumption calcula-
tion is a key technical requirement for zero-carbon electricity user certification, yet the current electricity market lacks relevant
calculation methods. To address this issue, related research is conducted on the calculation method and market mechanism of green
electricity consumption by zero carbon electricity users in the market environment. Firstly, based on an improved power transmission
distribution factor power flow tracing method, a multi-level power flow tracing model is constructed, enabling real-time, multi-level,
and high-precision calculation of green electricity consumption for zero-carbon electricity users. On this basis, a calculating method
and market mechanism for grid-sourced green electricity consumption by zero-carbon electricity users are proposed, which covers ac-
cess indicators, green electricity consumption calculation methods, and settlement mechanisms in line with existing electricity market
rules. Finally, the proposed model is validated through a case study of a practical power grid in a southern city, demonstrating its ef-
fectiveness in providing efficient calculation methods and transaction mechanisms for cross-province, cross-regional, and neighboring
grid-sourced green electricity users. Furthermore, the model guides zero-carbon electricity users to concentrate in distributed energy
areas and shift loads to periods with higher system green power proportion, promoting the consumption of new energy.
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Tab. 1 Setting of power supply node output parameters

WAL MW || TR TPRMW | R IIERMW
1 152.30 13 109. 00 25 151. 50
2 350. 50 14 102. 00 26 0
3 98. 69 15 60. 00 27 905. 70
4 59. 89 16 60. 00 28 940. 50
5 54.08 17 95.95 29 932. 40
6 98.29 18 97.24 30 936. 60
7 144. 50 19 59.10 1554  351.20
8 59. 69 20 59.10 1555 248. 30
9 230. 80 21 136. 30 1556 260.40
10 265. 40 22 68. 26 1557  274.80
11 239. 80 23 150. 10 1558 348. 00
12 358.20 24 71.32 1559 3657. 3

®2 HAFNRHHNSHIZERS)

Tab. 2 Setting of load node output parameters (partial)

REDAS HIRIMW
XS i 35.780
LT 21. 420
GM i 22.080
TW sl 27.200
PD i} 41. 560
LH 3 34. 550
PS U 27.020
YT 3 19. 850
CSA 3 4.117
o
 TPIILERER E g vy
____ [ e N
FRAGUN | TIDIE S——— JISEBRTH A
EEREELEER A ST SEAE IR
& : 1 AT H
i | Eﬁﬂ*
L ____ | ] T
O UERER

______________

E5 FTwENAPSEHNERTIMESRE
Fig.5 Framework for tracing green electricity consumptions by

zero-carbon electricity consumers
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Fig. 6 Results of green electricity consumptions tracing for zero-

carbon electricity consumers at the main grid level in a certain city
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Tab. 3 Proportions of green power contents at various nodes

i AT F S 5 L
KP i VAR XD il BA Ui

XS ¥ 0 0 0 0.709 4
LT 0.0393 0 0 0
GM i 0 0 0 1
JW i 0 0.1333 0.1734 0
PD 0.6010 0 0 0
LH 3 0 0.1758 0.2288 0
PS i 0.1816 0 0 0
YT 0.039 3 0 0 0
CSA 0 0.1758 0.228 8 0

A 25 T TR T TR T O R B T e R
FL P e 8 3 P, X s By ST B T 4 ) i A A1
TR, X SR E TR T P S
LR R B PR L
4.3 HEl2:FMMNESEZBREEENTEITE
PABLG) 1 O 3Eml, R B0 H AT 37 96 I B
WSS, Rk 3. 1 TR Oy AT 3R )2 G
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Tab. 4 Actual green power consumption powers at various

R5 KROAGHREFHEIAFATALREESELG

Tab. 5 Real-time proportions of green electricity contents at

nodes MW various zero-carbon electricity consumer nodes during high-load
e VA S R T periods
NEDSN N e
KP 3 AR XD BA 3 . AT R ERAL L
\ i 4 \ ‘ ‘ —— A I
XS v 0 0 0 25.3806 KP ¥l VAR XD ¥ BA i
LT3 0.8420 0 0 0 XS 3 0 0 0 0.6815  0.6815
GM 3 0 0 0 22.08 LT¥#  0.0940 0 0 0 0.094 0
TW 3 0 3.6251 4.716 6 0 GM 3 0 0 0 1 1.000 0
PD 3 24.9790 0 0 0 TW i 0 0.4698 0.1598 0 0.629 6
LH ¥ 0 6.0752 7.9043 0 PD#i  0.4787 0 0 0 0.4787
PS Uk 4.9076 0 0 0 LH i 0 0.4723  0.1607 0 0.6330
YT 3 0.7803 0 0 0 PSii  0.2975 0 0 0 0.297'5
CSA 3 0 0.7239 0.9419 0 YT 0.0940 0 0 0 0.094.0
e i g CSA ¥ 0 0.4723  0.1607 0 0.6330
TiE R A A AR A AL H AT 96 B B
L G A 96 I B G R AR % Bk e _
*x6 MNaTHEEEHRBIAPTAXHEESELG]

K7y iy |55 Ll s, BARLBiR &S5
Kl 7HhZe; KPuh. ZIuh . XD uhlh & BA w45 44>
X APt H T Y B 96 I B 4k H A7 H, B R 3 AN [
s, AR ——F . iR R, R/hNR
Ge i B SR H R B . IR RS R INER S, R
6 s THEEKR . /NG I B A Z kT s P 2

HLA AR R, 45332 745 3 0 B s . Rk S
55 WM 22 2 G0 B R A R B ) P iR A
£ 2 5B TR

e 75
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Fig. 7 Variation in the proportion of total loads over 96-hour
periods during summer in a specific city
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Tab. 6 Real-time proportions of green electricity contents at
various zero-carbon electricity consumer node during low-load

periods
AT SRS 5 L
R SAERHL  TE
KP ZI vk XD ¥ BA

XS vl 0 0 0 0.9454  0.9454
LT  0.2458 0 0 0 0.2458
GM 0 0 0 1 1..000 0
IW 3l 0 0.6282 0.2623 0 0. 890 4
PD#E  0.5866 0 0 0 0.586 6
LH ¥ 0 0.7055 0.2945 0 1..000 0
PS¥i  0.5620 0 0 0 0.5620
YT 0.2458 0 0 0 0.245 8
CSA 0 0.7055 0.2945 0 1.000 0

i% 7 EEEEWJ g);—}il}ﬁIJILL_E:TZjJIL.\IE)\?éQ'%?E*;J_‘i—fg
Tab. 7 Dynamic calculation of access capacity indexs for multi-

level power flow tracing in main and distribution networks

A A EMW CFHSHEE T e AR/ MW
XS o 0.10 0.8135 0.0813
LTl 0. 50 0.1699 0.0850

GM i 0.75 1.0000 0.7500

TW 3l 1. 00 0.760 0 0.760 0

PD i 1.50 0.5327 0.799 0

LH b 1. 80 0.8165 1.469 7

PS i 2.00 0.429°8 0.8595
YT 2.50 0.1699 0.424 8
CSA 4.00 0.8165 3.2660
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bR brifE 22 R I EIT A AR E (3. 11).
HEARELEFR0.653 7 MW, NI R iZ AR &
PRSI Z R P A 64>, 43318 GM 3l . TW ¥ |
PD . LHu . PSuhFICSA U, AR .

Case2: HUHTA Z 0k 4k o 25 38 bR A8 AR
EHEAE M HEA R AR ELE RN 0.943 9
MW, D3 2R 5 H A LH v A CSA 3 i 24~
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V- S4B T 25 B0 300 T VR Rk Sl R L M/ NAS
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Tab. 8 Load parameters of a 33-Node distribution network

T, WA PIMW QMW | 1AL PIMW O/IMW
1 3 0 0 18 1 0.09 0.04
2 1 0.1 0. 06 19 1 0.09 0.04
3 1 0.12 0.04 || 20 1 0.09 0.04
4 1 0.13 0.08 | 21 1 0.09 0.04
5 1 0.1295 0.03 | 22 1 0.09 0.04
6 1 0.12 0.02 || 23 1 0.09 0.05
7 1 0.2 0.1 24 1 0.42 0.2
8 1 0.25 0.1 25 1 0.42 0.2
9 1 0.3 0.02 || 26 1 0.06 0.025
10 1 0. 06 0.02 | 27 1 0.06 0.025
11 2 0.045 0.03 | 28 1 0.06 0.02
12 1 0.06  0.035| 29 1 0.12  0.07
13 1 0.06  0.035 | 30 1 0.2 0.6
14 1 0.12 0.08 | 31 1 0.15 0.07
15 1 0. 06 0.01 | 32 1 0.21 0.1
16 1 0. 06 0.02 | 33 1 0.06 0.04
17 1 0. 06 0.02

PEATINAA ;4 CSA B () Z ity P 2 BN 2
JZYGB B AR TRERE, LS PREE AL T 0 %
HOFTHE A 10 KV B DL 1 S 90 ) )2 1 A 2 i EL 48
5 (A (0,525 0)#EAT NG, el F & L bt
177 T D PR R L I 22 2 G B 1 T A ek
LRSI, DN ITTEAS 22 e i 7 FH P A 4 P, 5 S T
AR

o -1 FZ i I A
o - 1143 Ek 1Y A
o -fAMi 17 A
-4t )

m- Kk

28 29 300 31 32

B8 EWmEHEMRZEGERE
Fig. 8 Case study results of a distribution network system in a
certain city
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Tab. 9 Proportions of green electricity contents at various

11 EHRENRPSS5RATHISER

Tab. 11 Participation of zero-carbon electricity consumers in

nodes electricity market transactions

s SR T s SR - R PR R
1 0.404 614 75 18 0. 600 667 85 MWh MWh /(JC-kWh™)
2 0.404 61475 19 0.404 61475 g h KA 2 500 500 0.552
3 0.404 614 75 20 0.404 61475 PR HIEER 500 500 0.4
4 0.404 614 75 21 0.404 61475 PR IH AL 500 400
5 0.404 614 75 22 0. 404 614 75
6 0.404 614 75 23 0.404 614 75 R LR, BB T o e A
7 0.404 614 75 24 0.404 61475 PR RE R T MBS RE BT TP k722 5 .
8 0.404 61475 25 0.404 61475 P 5% kBT T KBS R Y 500 MWh 1)
9 0.524 98701 26 0.404 614 75 g KA Y, WA 0,552 J6/kWh (7
10 1..000 000 00 27 0. 404 614 75 S RIS 0. 018 TC/AWR) 3 FRIE IR 1T 3 1952
11 1. 000 000 00 28 0.404 61475 E’éﬁ:%, %Fﬁ%é@ﬁﬁﬁ\]i%ﬁ%%ijSOO MWh,
12 1. 000 000 00 29 0.404 614 75 BALHLN W 0. 4 TEAWh. 78 JEF R 4 P B
B LI RO s RS TR R SRR
14 1. 000 000 00 31 0.404 614 75
15 0. 600 667 85 32 0.404 614 75 HL i 400 MWhe U 78 2 iR Be P9 45 5 2% I 5T
16 0. 600 667 85 33 0.404 614 75 wr
17 0. 600 667 85 D Aegsm i ;

F10 ETALERHMNFEINE

Tab. 10 Actual green electricity consumption powers at various

nodes
R SPRTH SR /MW A SBRTH AN R /MW

1 0 18 0. 054 060 107
2 0.040 461 475 19 0.036 415 328
3 0.048 553 771 20 0.036 415 328
4 0.052 599918 21 0.036 415 328
5 0.052 397611 22 0.036 415 328
6 0.048 553 771 23 0.036 415 328
7 0.080 922951 24 0. 169 938 197
8 0. 101 153 689 25 0. 169 938 197
9 0. 157 496 104 26 0. 024 276 885
10 0. 060 000 000 27 0. 024 276 885
11 0. 045 000 000 28 0. 024 276 885
12 0. 060 000 000 29 0.048 553 771
13 0. 060 000 000 30 0. 080922 951
14 0. 120 000 000 31 0. 060 692 213
15 0.036 040 071 32 0. 084 969 099
16 0.036 040 071 33 0.024 276 885
17 0.036 040 071

4.5 4. FHRBENAAXREEBENMNELER
LA CSA 3 &g g F o il ik — 2 I H
RSS2 L T AN IR S

Tt ) P AE IS T 3 34 I 42 1=50%0. 4=
20 1 7G

2) A E R SR T 20

L 7 P Il T S AS 25 A 4 A =50%
(0.552-0.4)=7.6J1JC,

3) o G5 A R B A AR w22 (RO AE T R Ak
0.5, HuXZEHE AR 0. 018 JL/KWh) ;

TR 7 FH T DR S BR T G 2k o RS T 3R AS Y R
KW 52 5 #b 22 = (1-0. 5) x0. 018% (50-40) =0. 09
Ht.

4) RS BRI o

F k1 P R S =20+7. 6-0. 09=27. 51 7
JG, IAERY SR & 400 MWh,  SEBRIATIE 48 HL Tl
Y AH Le kL TP I 2978070 100 MWh,

R, @it BB AT LI, RS R A
TR I 7] 1) ¢ P O 2 17 100 1 TP 1) A2 < 00 B
AN, R R PR E SRR A B
BOR LR RT3 T, bt R R G S s I 28 41 b
2R S I 2% B ZE 1 R ) SR HL A B 7 4 o
4.6 EHHI5:LARBIBERN AR

LA CSA MG FRZERH I o], 2t
GEAR SCHITHE 2B L 9 FH P S g R 3 B R 1
R
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Fig. 10 Real-time comparison of green power content in CSA
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