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Fig.1 Schematic diagram of adjacency
characteristics of carbon emission flow
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Fig.2 Flow chart of recursive calculation method
of carbon emission flow in power systems
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Fig.3 Example system for carbon emission
flow calculation
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Table 1 Recursive calculation process of carbon emission intensities in IEEE 24-bus system
i W/ (kgCOz « (kW « h) 1)
DO 2 R 3V 4 UGB 5w 6 ki T kaRHE S wkaBHE 9 wkaBHE 10 R4
1 — — — — 0.53 0.53 0.53 0.53 0.53 0.53
2 — — — — 0.71 0.71 0.71 0.71 0.71 0.71
3 0.10 0.10 0.10 0.10 0.10 0.10 0.10
4 — — — — — — — — 0.48 0.48
5 — — — — — — — — 0.53 0.53
6 — — — — — — — — 0.56 0.56
7 0.58
8 — — — — — — — — 0.50 0.50
9 — — — — — — — 0.47 0.47 0.47
10 — — — — — — — 0.54 0.54 0.54
11 0.28 0.28 0.28 0.28
12 — — 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
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18 0 0 0 0 0 0 0 0
19 — — — — 0.11 0.11 0.11 0.11 0.11 0.11
20 — — — — 0.53 0.53 0.53 0.53 0.53 0.53
21 — 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0
23 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
24 — — 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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Table 2 Carbon emission intensities under direct
calculation method

1 WSk 1 Wk
(kgCOy « (kW « h) 1) ! (kgCOy « (kW « h) 1)

1 0.53 13 0.71
2 0.71 14 0.11
3 0.10 15 0.10
4 0.48 16 0.11
5 0.53 17 0

6 0.56 18 0

7 0.58 19 0.11
8 0.50 20 0.53
9 0.47 21 0

10 0.54 22 0

11 0.28 23 0.84
12 0.80 24 0.10
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Fig.4 Recursive calculation process of carbon
emission intensities in Nordic 2 383-bus system
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Fig.5 Schematic diagram of coordinated calculation
of carbon emission flow in power systems
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Recursive Calculation Method of Carbon Emission Flow in Power Systems

KANG Chongging'*, CHENG Yaohua'*, SUN Yanlong'*, ZHANG Ning'*, MENG Junxia®, YAN Huaguang®
(1. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
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3. China Electric Power Research Institute, Beijing 100192, China)

Abstract: The theory of carbon emission flow (CEF) provides a new perspective for the allocation of carbon emission
responsibility in power systems. Based on the fact that the carbon emission intensity of a node only depends on the CEF related
information of its adjacent nodes and branches, this paper proposes a recursive calculation method of CEF in power systems.
The basic principle of the proposed recursive CEF calculation method is firstly elaborated and its calculation process is
provided. Then, the characteristics and applicability of the recursive method and the existing direct method are analyzed. By
combining the two methods, a coordinated calculation procedure is proposed. Finally, the solution process of the recursive
method is illustrated based on a simple power system. The case studies of IEEE 24-bus system and the Nordic 2 383-bus
system verify the effectiveness of the proposed recursive method in the actual power systems.
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