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Table 1 Basic data sets to support implementation of “electricity-based carbon emission estimation”
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Preliminary Exploration of Carbon Emission Estimation Technology Based on Power Big Data

LIU Yuliang"*, LI Yaowang"*, DU Ershun'?, ZHANG Ning"?, KANG Chongqing"*, DU Siyuan®
(1. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. Sichuan Energy Internet Research Institute, Tsinghua University, Chengdu 610213, China;
3. State Grid Beijing Electric Power Company, Beijing 100031, China)

Abstract: Energy activities are the primary source of carbon dioxide emissions. Accurate and near real-time monitoring of carbon
emissions from energy activities is fundamental for governments and enterprises to grasp the total carbon emissions and formulate
carbon management strategies. However, existing accounting methods are insufficient for high-frequency carbon emission
calculations, whereas direct measurement methods necessitate additional equipment to be installed. Consequently, low-cost and
high-frequency carbon emission estimation techniques remain unavailable. To address this issue, by using the correlation between
electricity consumption and energy activities, this paper proposes an estimation technology for carbon emissions from energy
activities based on power big data (abbreviated as “electricity-based carbon emission estimation” technology). Firstly, the
methodological framework for “electricity-based carbon emission estimation” technology is proposed. From a data-centric
perspective, a detailed investigation and analysis on related foundational data are conducted, and the potential application scope of
existing data is explored. Secondly, a time-series based “electricity-based carbon emission estimation” model applicable at
regional, industrial, and enterprise levels is constructed, followed by an evaluation of its effectiveness using actual data from
China. The analysis results demonstrate that the proposed method can significantly improve the timeliness of carbon emission
estimation. Finally, the future research and potential application directions for the “electricity-based carbon emission estimation”
technology are prospected.
This work is supported by State Grid Corporation of China (No. 5700-202411271A-1-1-ZN).

Key words: carbon emission estimation; power big data; electricity-based carbon emission estimation; carbon monitoring; energy

activity
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Table A2 Error analysis table for calculation results of industry electricity-carbon conversion factors

AR MAE/[J7 t/(TW-h)] MAPE/% LA MAE/[J7 t/(TW-h)] MAPE/%
A 0.64 0.80 €38 0.81 1.01
B 78.24 41.64 €39 0.78 1.08
C13 0.05 0.05 C40 0.63 0.81
Cl4 2.66 2.77 C41 2.73 3.16
C15 0.78 0.63 Cc42 7.32 9.11
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C18 2.57 2.71 D44 3.63 1.33
C19 13.77 18.33 D45 4.83 56.68
€20 0.08 0.08 D46 1343.85 0.57
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22 5.62 6.26 F 0.91 0.27
€23 0.38 0.48 G 0.22 31.01
C24 1.16 1.45 H 95.83 4.62
€25 62.64 27.61 I 4.32 0.30
C26 1.6 2.10 J 0.22 0.48
C27 1.02 1.15 K 0.35 2.91
€28 9.63 10.11 L 2.66 1.72
€29 1.67 2.19 M 1.5 2.26
€30 1.13 0.54 N 1.97 3.26
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Fig. A6 Historical carbon emissions and electricity-carbon conversion coefficients of key industries in Beijing
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