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ABSTRACT: Clarifying the rights and responsibilities of
carbon emissions and establishing a theory and method system
for carbon flow distribution in net-zero carbon evolution serve
as the foundation for low-carbon transformation and
development in the power system.. Existing methods of carbon
flow analysis focus on the share of load carbon emission
responsibility. This paper proposes a discrete analysis theory
and calculation method of carbon flow distribution in power
system with spatiotemporal coupling from the perspective of
the consumption contribution of load to renewable energy.
First, aiming at improving the consistency of time series
characteristics between power supply and load, and
consumption of renewable energy, the carbon emission is
extended from continuous allocation of single time section to
comprehensive evaluation of multiple continuous time sections,
and a discrete analysis theory is established to analyze carbon
flow distribution with multi-period, process-oriented and
real-time evaluation. Then, considering the time-space coupling
characteristics of power supply and load in the period, a carbon
emission evaluation scheme considering the contribution of
renewable energy consumption is proposed. Finally, a discrete
calculation model of carbon emission flow distribution is
established based on the evaluation scheme, and a decoupled

calculation method of power flow and carbon emission flow is

HEEWH: BKHE SR ITRITE (2019YFE0122600).
National Key R&D Program of China (2019YFE0122600).

proposed to achieve efficient traceability of carbon emissions
and fast solution of branch/node carbon flow rate. Case study
shows that the discrete distribution method proposed can
achieve carbon balance of the whole and all links, which
proves the feasibility of the theory. In addition, comparing with
the existing methods, load nodes can achieve emission
reduction without reducing the total power consumption by
adjusting the load time sequence, which is conducive to forcing
the consumption of renewable energy through carbon
constraints. As a result, rationality and superiority of the

proposed theory are verified.

KEY WORDS: net-zero carbon evolution; contribution to
carbon emission reduction; electricity carbon decoupling

sharing; discrete analysis; renewable energy consumption
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discrete allocation algorithm
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Table 2 Nodal carbon admittance matrix of period 7

i Gl G2 G3 G4 G5
I _ _ _ _ _
2 16.16 2.99 — — —
3 4.09 19.76 13.82 471 57.59
4 4.76 1.61 — 3.26 452
5 32.34 5.89 — 27.37 —
6 — — — 2213 —
7 _ _ _ _ _
3 _ _ _ _ _
9 30.51 5.6 — — 1.83
10 21.93 4.08 — 18.92 1.32
11 — — — 34.14 —
12 — — — 30.56 —
13 — — — 19.79 —
14 22.07 4.08 — 18.75 133
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Table 3 Energy shares of each unit for load nodes kW

il Gl G2 G3 G4 G5
1 0 0 0 0 0
2 173.46 36.54 0 0 0
3 1833 176.72 469.243 3.572 107.159
4 208.68 96.822 0 120.323 44.181
5 3.28 17.52 0 592 0
6 0 0 0 120 0
7 0 0 0 0 0
8 0 0 0 0 0
9 62.467 17.642 0 0 9.9
10 68.1 27 0 342 20.7
11 0 0 0 40 0
12 0 0 0 60 0
13 0 0 0 140 0
14 4.05 26.85 0 101.7 17.4




523 W SRR

T [0 TR ) PR PR 0 B R T B R B i R0

9041

il 544.8kg COx/he G3 JENBRIRZE N 177.9kg
COy/h, HHBM T AL 3 HMAHE, EARFMTIT A 3
WHN T HAVLA R, (HHESRER G3 HL4H
B G3 REETES 8. G4 HEANBEKREN
257kg COy/h, HLFEH 3,4 %5 9 M 15 S, A
S HBRIR R Z A FRIFEA 257kgCOy/ho 3A 3 A5 A
FL T I8 238 A 45 150 WL ZEL 7 i~ 18

IR 3 45 T AR 0 o P LB T UK
FRAS T R TR, SRR — 2D SR AR AR 2125 3%
PR, GRNE 4 for, HPaamsal

G2 @ G3
113.5
. LK)
2 T 3
24 8£397J 134'4" _ 985 | 3213
- 52.4 20.9
T e} [——1991—4]
5 ]
v 2l5 G5 @ 2072;22" L
22.03 0 21 3,0
G4 8 0 7
] 257.0 Iizij Iiij 8,;2_ 36.2
! ]
455 337 152 65.7 454
lL —+T12
83 T 08 Y
11.0] 22.8 40.9
13 1 |
|
53.1 a7

4 IEEE-14 15 S BIRREZHIEMER
Fig. 4 Discrete allocation results of
electricity carbon flow rate at IEEE 14 nodes

Shae - 177.88

AT s
:<79 2390
6

4328 smmano

1.53
2.09

G3tue

177.89

256.96

(=20 r
6 -

BRI

38.33 REHE3

(a) SCHR[15] 40 B g 5

Bl 15 BRI R, B AOTHAON IR BEBIRE . H
B4 %0, DASAAG T s 2 A, % SCRR RN 1 FLK
T#N 403.4kg COy/h, HBEIRHLAH AN B H IR
N0, VR E Y 134.4, 139.7, 43.7,
85.6kg COxh, 4 % ZH[FFEH 403.4kg COY/ho %
BUART T e XS T T

Zie BB 3P G R, AT DU SO iR
ERATAT I
42 S5EBEEML

BT AR ST J5 %5 SCRR[1ST B IR 3 BT 7 32
HEATXIEE, BRI RWE 5 fros. HT G2 f G5
T RETRNLAL, IR Gl G3. G4 1X 3 6Hl4
Z S5 . A 3 T G3 KHE,
RIEAE LG IR, 2 MO o PELLBIAR R, 35
4 177.88kg COy/h. fEAHFEAEGRAT, Hififiiss
2. 3. 4. 5. 9. 10, 14 T RBEHEA T G2 #rRelR
R XHN T Gl KA B, BRI A
JAEA R — 3, H A T e R S LA 1
AR ZE 5, BT T A B BICHE O BE 45 SRAFAE
BB 2R, Gl s 4 o, FigB It =R
M, HIEFERBRIENLAL G (BN 267kW-h, &
ML G3 & 0kW-h, G4 HLE N 63.21kW-h, 2
BB AT NN 207.5 kg COo/he fHAE, FEEH:
g 59 5 G2 1 GS HIARUEE &1, 9 s AcE A
1.61 F1 4.52, ARYEASSCITHE 758 70 W % 108
REdS i, HBRIME KR 161.73 kgCOy/h, 7EH
HE R A [F 261 R, AR 88 5 VR HE TR AR 2
22.06%.

544.79 &'

AEBAY

177.89 Gana

256.96 Gaina REBHI0
-

. ,k SETRI2
e "
() AT AR,

El5 SeARrERRHEMS MR AR

Fig. 5 Comparison with existing single period carbon emission sharing methods

4.3 (REEEE S

N BRI 7 WETTVE R L BB BEURTH AN L JHE

ZN IR GURHEI LS BB B H A AR 57 X
FOt HIN PP AR, LI 55 RE 77 203 A



9042 ST R < 1 R D =SR-3

43 %

Ao (AN, 2 R A s NS B0 R U T 44 O RE R,
AR AR A4y B - 39 20 o0 A HLHLZh RE J138 20 4
Tho FEBLFEA L, B AE AN F ELBNRE 0 T XS B
REVEVH AN AT R Gepkk 5, 45 R N3% 4 s
R4 REAGFER PR EERIEAIEE BT
Table 4 Impact of low-carbon friendly users on

consumption of renewable energy

B tar P15 8 11/% HRER /% RGHBAE/ (kg COy/h)
0 24.49 980
3 27.18 886
5 31.54 749
8 39.06 612
10 51.39 379
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Table A1 Power Sequence of load and power unit

ik Ry 1 2 3 4 5
1 0 0 0 0 0
2 40.57 40.52 37.91 43.78 47.22
3 175.53 170.47 206.55 196.14 191.3
4 102.07 99.79 89.29 93 85.86
5 17.31 15.51 15.78 16.4 15
6 29.63 20.91 255 22.49 21.46
o 7 0 0 0 0 0
8 0 0 0 0 0
9 18.2 16.64 17.83 17.79 19.55
10 275 29.93 33.81 27.41 32.35
11 7.33 7.71 9.02 7.31 8.63
12 10.9 13.11 12.56 11.03 12.4
13 26.8 27.3 30.19 29.53 26.18
14 27.36 30.78 31.11 29.94 30.81
Gl 100.95 118.97 182.09 138.72 162.22
G2 98.78 69.7 84.99 74.98 71.55
LERIA G3 110.88 92.51 74.58 94.54 96.74
G4 135.92 151.92 122.81 150.03 117.13
G5 36.67 38.57 45.08 36.54 43.13
RA2 L RSHENBEXR
Table A2 Consumption relationship
between load and generator
A Gl G2 G3 G4 G5
1 0 0 0 0 0
2 1 1 0 0 0
3 1 1 1 1 1
4 1 1 0 1 1
5 1 1 0 1 0
6 0 0 0 1 0
7 0 0 0 0 0
8 0 0 0 0 0
9 1 1 0 0 1
10 1 1 0 1 1
11 0 0 0 1 0
12 0 0 0 1 0
13 0 0 0 1 0
14 1 1 0 1 1
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