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Carbon neutrality is transitioning from a global consensus to global action. The power industry must urgently address carbon reduction and establish an effective evaluation system. However, current standard systems and literature studies both domestically and internationally reveal significant issues with the scientific, systematic, and operational aspects of carbon performance index systems. Therefore, this paper proposes the development of a carbon performance evaluation system for electric power enterprises, comprising of two subsystems: carbon management and carbon reduction. The evaluation system takes into full consideration the transmission and distribution characteristics of power grid companies, and conducts an empirical analysis on a regional power grid in China, including four provincial power grid companies A, B, C, and D. The findings indicate that the regional Power Grid has been committed to low-carbon initiatives for an extended period of time, with a greater emphasis on carbon reduction performance rather than carbon management performance between 2012 and 2021. To further enhance the potential for carbon reduction, it is imperative to prioritize carbon management in subsequent phases.
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1 INTRODUCTION
In the past few decades, China’s economy has experienced rapid development. However, this growth has come at a cost to ecological resources due to high levels of carbon emissions from energy consumption. Additionally, the crude methods used for economic upgrading have resulted in incalculable losses and a series of environmental problems. On 22 September 2020, President Xi pledged to peak carbon emissions by 2030 and achieve carbon neutrality by 2060 at the 75th session of the United Nations General Assembly (Wu and Niu, 2022). Since then, China’s carbon emission reduction movement has been elevated to the level of national policy. However, according to statistics from the National Energy Administration, 45% of China’s total CO2 emissions in 2021 were generated by the power sector (BP Statistical, 2020). Therefore, effectively controlling and reducing carbon emissions from this sector is crucial for achieving national goals related to carbon peaking and neutrality.
Carbon reduction in the power industry cannot be achieved without an effective carbon performance evaluation system. As global low-carbon development is still in its infancy, a standardized system for evaluating carbon reduction performance in the power industry has yet to be established (Liu et al., 2020). The investigation revealed a dearth of literatureon carbon performance evaluation systems. Foreign research in this area began earlier, with early studies focusing on the classification of carbon performance impacts, carbon measurement techniques, and indicators (Myung et al., 2019; Zhou et al., 2020). Their focus lies in analyzing the economic aspects of enterprise carbon management, with little regard for environmental and social factors. Subsequent research on carbon performance has evolved from a single indicator to a specialized multi-indicator approach (Rietbergen et al., 2017; Luo et al., 2018; Padilla-Rivera et al., 2018), utilizing balanced scorecards, fuzzy analytical hierarchical processes, and data envelopment analysis to effectively evaluate enterprise carbon performance. However, these studies primarily focus on evaluating carbon performance at the operational level of enterprises while neglecting the evaluation of carbon performance at the process level, indicating room for improvement. The research on carbon performance in domestic enterprises started relatively late. In the early stages, carbon performance was only included as a category of indicators in the evaluation system for enterprise financial performance (Tan et al., 2007; Fan, 2018), and the results lacked relevance. Later, with the increasing importance of low-carbon development, studies on carbon performance evaluation began to be conducted for highly polluting industries such as thermal power, iron and steel, and cement (Yun et al., 2002; Zhang and Zhang, 2016; Alizadeh et al., 2020). However, due to their inherent industrial characteristics, they are closely linked to industry emission reduction targets, requirements and policies. These evaluation systems lack systematicity and operability, resulting in insignificant reference benchmarks. Therefore, to achieve China’s dual carbon goals and promote low-carbon development in the power industry, it is necessary to explore a low-carbon path with Chinese characteristics for the power industry by combining the actual situation of electric power enterprises and considering both process and results.
Based on the investigation of carbon performance evaluation standards, techniques, and literature both domestically and internationally, this study aims to construct a comprehensive evaluation system for the carbon performance of electric power enterprises by integrating qualitative and quantitative analysis methods in response to the inadequacies of existing carbon performance index systems. Considering the carbon emission processes and results of electric power enterprises, we have developed a comprehensive carbon management evaluation system and carbon reduction evaluation systems to provide theoretical support for electric power enterprises’ efforts in reducing their carbon footprint. Finally, we conducted a case study on a regional power grid to test and evaluate its overall carbon performance, thereby verifying the operability and scientific validity of our index system.
2 MATERIALS AND METHODS
2.1 Principles of selecting indicators
The proposed carbon reduction evaluation system for electric power enterprises not only adheres to the fundamental principles of scientificity, operability, foresight, systematicity, universality, and simplicity (Nakthong and Kubaha, 2019; Aghdam et al., 2020), but also integrates carbon management and reduction measures. The system aims to achieve two core objectives. Firstly, by establishing a carbon management evaluation model, it seeks to enhance the foundation of carbon management work and improve enterprise capability in this area. Secondly, by creating a carbon reduction evaluation model, it aims to guide enterprises in effectively reducing their carbon emissions while optimizing resource and energy usage, lowering costs associated with such reductions and improving overall efficiency.
2.2 Determination of key performance indicators (KPIs)
The comprehensive evaluation system consists of a carbon management subsystem and a carbon reduction subsystem, where the former serves as the process indicator while the latter represents the outcome. Regarding the carbon management subsystem, second-level indicators pertain to PDCA management processes that encompass four phases: Plan, Do, Check, and Action. The “Plan” phase initiates the cycle by primarily focusing on goal determination and implementation plan design, as reflected in target setting and management policy formulation. Subsequently, the “Do” phase involves executing the plan into action, while the “Check” phase entails inspecting and analyzing differences between previous stages to identify reasons and corresponding solutions. The final phase is “Action”, which summarizes successful experiences and optimizes shortcomings. According to ISO-50001, the entire subsystem is optimized and divided into six parts: Carbon Management System, Leadership, Planning, Support and Operation, Performance Evaluation, and Improvement. The optimized cycle provides more detailed insights into overall strategic planning and enterprise routes. Through this continuous cycle of improvement, enterprises can identify deficiencies in their carbon management work. Therefore, it is an effective approach to enhance the quality of management activities and guide enterprises towards a continuous improvement in their management practices.
For the subsystem of carbon reduction, after conducting a thorough review of relevant literature at both domestic and international levels, it has been determined that previous studies commonly utilize effectiveness indicators, efficiency indicators, and economic indicators as the primary types of metrics for evaluating carbon reduction performance (Antunes et al., 2014; Yang et al., 2017; Yong et al., 2019) (Table 1). Based on these indicators, the specificity of grid companies’ transmission and distribution processes is being considered. These indicators are further subdivided according to specific structures and technologies in order to more clearly and explicitly demonstrate the low-carbon benefits of each process within the grid enterprise, providing a reference point and foundation for future development priorities. Thus, This study aims to develop a comprehensive carbon reduction evaluation model based on four types of indicators: Sources, Processes, Outcomes, and Economics.
TABLE 1 | Common carbon reduction evaluation indicators.
[image: Table 1]2.3 Reformulate the carbon evaluation index system
The bottom-up approach is employed to categorize and model the underlying factors that impact the carbon management and reduction performance of electric power enterprises. Through a comprehensive review of existing standards, technologies, and literature, key influencing factors were identified and utilized to construct an evaluation index system for carbon emissions in electric power enterprises. The indexes were deliberated, adapted, and optimized by means of self-testing and expert testing methods through the process of deleting, modifying, merging, and adding. Finally, the carbon evaluation index system was determined.
2.3.1 Improved carbon management evaluation model
The carbon management evaluation model is developed based on the maturity model, which draws upon previous studies (Bai et al., 2018; Standardization I O F, 2018; Coban et al., 2020). As illustrated in Figure 1, The structure of a maturity model, resembling that of a pyramid, effectively captures an enterprise’s performance and overall management status. However, with the continuous implementation of low-carbon policies in China, carbon management practices require rapid upgrading. A maturity path alone is insufficient for one company to use as reference. A continuous and fine-grained carbon management evaluation model is necessary to guide all carbon management processes.
[image: Figure 1]FIGURE 1 | Carbon management maturity level and maturity stage.
The research team utilizes the ISO-50001 standard and PDCA management process to establish a maturity-based carbon management evaluation system, which takes into account the actual circumstances of power grid enterprises (Mcgrath and Romeri, 1994). The defined model of maturity levels represents a comprehensive understanding of China’s power grid enterprises’ carbon management systems and their level of maturity. Simultaneously, by integrating the successful factors recognized in other management maturity models with the specific characteristics of power enterprises, we establish carbon management evaluation indicators for “supply side”, “grid side” and “consumption side” management mechanisms and carbon reduction measures in both planning and operational implementation. Moreover, an intermediate level benchmark has been established with regards to the requirements of the energy management system and regulations related to GHG emissions.
The entire subsystem is categorized into five levels: initial, managed, systematic, improved, and optimized. Upon acquiring the definitions of each level of carbon management maturity for electric power enterprises, the process stages of evolving from lower to higher maturity levels are clarified and divided into four stages: awareness and practice; standardization and systematization; operation and improvement; optimization and integration. Furthermore, we have developed a more detailed model for carbon management maturity assessment, which includes six second-level indicators: Carbon Management System, Leadership, Planning, Support and Operation, Performance Evaluation and Improvement. Each of these indicators is further broken down into 24 third-level indicators (as shown in Table 2), allowing us to determine the level of maturity for each one.
TABLE 2 | Improved carbon evaluation index system.
[image: Table 2]2.3.2 Improved carbon reduction evaluation model
Considering the unique nature of power grid enterprises’ transmission and distribution processes, which primarily involve transporting power resources, specific indicators have been selected to comprehensively evaluate their carbon reduction performance based on corresponding structures and technologies. This will provide a clearer understanding of their low-carbon benefits and serve as a reference for future development priorities.
Through research on emission reduction technology in the power grid and combined with a carbon management evaluation system, we propose to establish a four-dimensional carbon reduction evaluation system tailored for power grid enterprises, covering sources, processes, results, and economy. The final index system is presented in Table 2.
(1) Resource: These are the carbon resource inputs and outputs in the transmission and distribution process of the power grid, including the proportion of renewable energy, growth rate of electricity supply, regional net inflow power ratio, etc.
(2) Process: These are the transmission and distribution processes with low carbon emissions, which are based on emission reduction planning and incorporate low carbon technologies and equipment, such as comprehensive line loss rates, SF6 recycling levels, etc.
(3) Result: These are the results of the implementation of emission reduction and management improvement, such as carbon emission growth rate, carbon emission factors, etc.
(4) Economy: These pertain to the economic benefits resulting from emission reduction efforts, including increases in infrastructure investment rates, electricity sales revenue growth rates, reductions in total waste costs, etc.
2.4 Determination of weights
The weights assigned to each indicator reflect their relative importance. A higher weight indicates a greater significance of the corresponding indicator. Various methods can be employed to determine these weights, which are broadly classified into three categories: subjective weighting, objective weighting, and combination weighting (Bakar et al., 2015). Subjective weighting method is a technique for determining attribute weights based on the decision-maker’s subjective assessment of each index’s importance. The original data is derived from the subjective judgment of experts or decision-makers, which has the advantage of reflecting their working experience and preference for indicators, as well as certain inheritability in indicator weighting. However, its disadvantage lies in its subjective arbitrariness, which can be easily influenced by cognitive culture and decision-maker’s level of experience. The objective weighting method is based on objective information, such as the decision matrix. The weight is determined by the correlation between attribute values or index values, or the degree of variation of attribute values. It does not rely on subjective human judgment. The advantages of this method lie in its solid mathematical foundation, objectivity, clear distinction between evaluation objects and indices, as well as transparency. However, the disadvantage is that the weight of indices may vary at different stages and lacks continuity. Additionally, relying solely on mathematical theories can complicate calculations while ignoring decision-makers’ subjective opinions. The combined weighting method, which integrates subjective and objective weighting methods, not only objectively reflects the importance of various indicators but also takes into account decision makers’ subjective preferences. However, its general algorithm’s complexity may hinder its effectiveness in practical applications, and there are still limited instances of its implementation.
The carbon performance evaluation system in this study comprises two modules: the carbon management performance evaluation system and the carbon reduction performance evaluation system. The weights of these modules are primarily determined by their relative importance, and can be subjectively assigned by internal leaders and experts based on the enterprise’s current stage of low-carbon development.
Regarding the specific indicators of these two models, it is imperative to maintain time continuity in order to effectively evaluate the performance of an enterprise’s carbon management system. Frequent adjustments to the evaluation method are not recommended due to potential changes in weights determined by objective assignment methods based on indicator values. This can result in incomparable evaluation results between different years. Therefore, the Delphi method has been selected. For the sake of convenience, qualitative indicators have been established in the carbon management evaluation system. The independent and repeated subjective judgments of over 50 experts were obtained to ensure relatively objective opinions. The vast majority agreed that all tasks related to carbon management performance are equally important, thus justifying the current practice of assigning equal weight to all indicators. However, enterprises may adjust the weights based on their overall level of carbon management in order to reflect the varying importance of different aspects of carbon management.
Considering that the assessment of carbon reduction performance is closely linked to the development direction of government and enterprise concerns, it is essential for the evaluative work to be aligned with these priorities in order to facilitate adjustments and updates based on actual enterprise conditions, thereby enhancing the effectiveness of carbon reduction efforts within enterprises (Jenatabadi, 2015). The subjective weighting method may affect the importance of each index in the carbon reduction performance index system, which encompasses carbon resource, emissions, and economic dimensions. Therefore, we have opted for the entropy-weight method and established quantitative indicators corresponding to the evaluation system for carbon reduction. For a set of evaluation data consisting of k indicators over an evaluation period of n years, the entropy method requires initial classification into positive and negative indicators. Subsequently, each datum Xij in the evaluation matrix is standardized using deviation standardization (Eq. 1). The weight Pij of each datum, which attributes to its indicator, is calculated by Eq. 2. Subsequently, the entropy value of each datum can be obtained using Eq. 3. Finally, the weight of each indicator can be determined through Eq. 4.
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Yij: The outcome of the initial data normalization; Pij: The i sample’s proportion in the index of item j; Ej: The entropy of item j; Wj: The weight of item j.
In addition, this study assumes that the weights assigned to the carbon management performance subsystem and carbon reduction performance subsystem are denoted as CM and CE respectively (CM + CE = 1). Furthermore, each indicator of the carbon management performance evaluation module is weighted as Cm (ΣCm = CM), while each indicator of the carbon reduction performance evaluation module is weighted as Ce (ΣCe = CE). The weights of the two subsystems are determined using the Delphi method. The number of carbon management indicators exceeds that of carbon reduction. To minimize the impact of carbon management indicators on the overall evaluation system, it is recommended to assign a moderate weight to CM. Therefore, taking into full consideration the opinions of experts, the weights assigned to carbon management system performance and carbon reduction performance in this case are set to 0.36 and 0.64.
3 RESULTS AND DISCUSSION
Currently, low-carbon development in China is still in its infancy, and it remains challenging to gather carbon emission information and data from various enterprises within the power industry. Therefore, this paper selects a regional power grid, including the four provincial power grid enterprises of A, B, C, and D, as the research subject to conduct an evaluation of carbon reduction performance for power enterprises.
3.1 Data source
The electricity and loss data cited were primarily acquired from the China Electricity Statistical Yearbook (2012–2021) and the Central China Power Grid Comprehensive Statistical Compendium (2012–2021). The carbon management, SF6 emission and economic data were obtained through field investigation to the four provincial power grid enterprises. Additionally, publicly released research results and official departmental websites provide access to a wealth of information and reports. A detailed list of available data can be found in Table 3 and Table 4.
TABLE 3 | The comprehensive inventory of carbon management.
[image: Table 3]TABLE 4 | The comprehensive inventory of carbon reduction.
[image: Table 4]3.2 Data analysis and findings
In order to enhance the operability and universality of the carbon evaluation system’s performance, the following assumptions have been formulated after consultations with managers and experts from domestic power grid enterprises. It is assumed that at this stage of evaluating carbon management performance, all indicators carry equal weight and are assigned an average score ranging from 0 to 1 across the five levels. The higher the maturity level of a specific indicator, the greater its corresponding parameter value. The results of carbon management performance for the four provinces are presented in Figure 2.
[image: Figure 2]FIGURE 2 | A province means the carbon management radar chart of (A) province in 2012, 2016, 2021. The same goes for (B–D) province.
Meanwhile, we computed their entropy weights utilizing the previously mentioned algorithm, and the outcomes of carbon emission reduction performance are illustrated in Figure 3A.
[image: Figure 3]FIGURE 3 | The carbon reduction (A) and conprehensive (B) performance.
4 DISCUSSION
We employ the comparative analysis method to conduct a longitudinal and horizontal comparison of the carbon performance among four provincial power grid companies, and subsequently analyze their development trends.
As depicted in Figure 2, the carbon management performance of the four provinces within the region has exhibited varying degrees of improvement over the past decade. Notably, Province A has demonstrated the most comprehensive development, with all secondary indices except for leadership achieving a level of enhancement. With the exception of leadership, all other five secondary indices have achieved a level of improvement. The province of D ranked second, Three secondary indicators, namely, Planning (P), Support and Operation (SO), and Improvement (I), have achieved the level of improvement. Therefore, the focus should shift towards enhancing Carbon Management System (CM), Leadership (L) and Performance Evaluation (PE); However, the carbon management levels of provinces B and C are relatively low, indicating a need for continuous improvement in carbon management indicators during later stages.
As depicted in Figure 3A, the carbon emission reduction performance of the four provinces in the region has exhibited a gradual upward trend over the past decade, with an accelerating development momentum. In terms of carbon emission reduction, it is evident that D province has achieved the most significant results, with a gradual increase from 0.26 in 2012 to 0.80 in 2021, exhibiting an annual average growth rate of 23.08%. Following closely behind is A province, which increased from 0.24 in 2012–0.66 in 2021 at an average annual growth rate of 19.44%. B and C provinces followed suit with rates of only 11.65%–5.09%, respectively.
Furthermore, a comprehensive evaluation of carbon reduction performance was conducted based on the carbon management and emission reduction results of each province and city (see Figure 3B). With the enhancement of carbon management and reduction capabilities, the comprehensive carbon reduction performance indicators of all four provinces have improved, with Province D and Province B showing more prominent progress as depicted in Figure 3B. By 2021, the comprehensive performance indicators for both provinces have reached an above-medium level of 0.79–0.77 respectively. Furthermore, analysis of their growth trends indicates that the four provinces exhibit stronger momentum in the second 5-year period.
5 SUGGESTIONS
In light of the dual-carbon objective and enterprise carbon reduction performance evaluation results, power grid enterprises should focus on the following aspects to meet the requirements of green and low-carbon development:
First, to achieve high-quality development through multiple integration, it is necessary to adhere to both policy and market efforts. This can be done by promoting the participation of renewable energy in the electricity market, creating a green electricity trading mechanism and green electricity points system, as well as cultivating and meeting the green electricity carbon reduction needs of various users.
Secondly, we must expedite the transformation of our energy supply side by constructing a diversified clean energy supply system, deepening partnerships with power supply enterprises, accelerating the flexible conversion of coal-fired power plants, promoting the clean and efficient utilization of coal resources, optimizing our power structure, advancing the coordinated development between coal-fired power and new energies, and leading both upstream and downstream sectors in achieving low-carbon development together.
Thirdly, we must overcome low-carbon barriers through technological innovation. While further promoting the application of low-carbon technologies across all sectors, we will prioritize innovation-driven development and focus on meeting major national strategic needs. We aim to enhance our scientific and technological innovation system by jointly establishing an energy research and development innovation platform, improving the overall industry’s capacity for innovation, and strengthening the transformation and application of scientific achievements.
Fourthly, we must tailor our approach to local conditions in order to enhance quality and efficiency. This involves developing carbon reduction plans that are tailored to the specific circumstances of each province, leveraging the power grid optimization resource allocation platform to its fullest potential, and promoting large-scale grid integration, extensive allocation, and high levels of new energy consumption.
Fifthly, we will persist in enhancing the overall energy efficiency across all sectors. By leveraging the unique features of power grids and various industries, we will pursue energy conservation from multiple angles such as equipment optimization, system streamlining, and management refinement. We aim to develop tailored plans for different industries while simultaneously constructing enterprise-level energy management platforms and promoting comprehensive energy services cooperation.
Sixthly, it is imperative to enhance the internal communication of power grid enterprises. While continuously refining the system, intensify the exchange and sharing of internal development experience among power grid enterprises, stay abreast of industry trends, regularly release work reports, solicit rationalization proposals, and provide reference guidance for subsequent emission reduction efforts within the enterprise.
6 CONCLUSION
This paper focuses on the evaluation system of carbon performance for electric power enterprises in a regional power grid, which accurately reflects the actual situation and development of carbon management work across all provinces in the region over the past decade.
The carbon management subsystem has witnessed varying degrees of improvement in the four provinces within the region over the past decade. Province A boasts the most comprehensive development, followed by D province, and then B and C provinces.
The carbon reduction subsystem exhibits a gradual upward trend in the performance level of carbon emission reduction across the four provinces. Province D exhibited the most rapid growth, with an average annual growth rate of 23.08% over the course of a decade, followed by A province (19.44%), B province (11.65%), and C province (5.09%).
Furthermore, in order to conduct a comprehensive evaluation of carbon reduction performance, the comprehensive indicators for the four provinces have been enhanced. Notably, Province D and Province B have shown more significant improvements. As of 2021, their respective comprehensive performance indicators have reached above-medium levels at 0.79 and 0.77 respectively, followed by A province and C province.
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Consumption Side Management Mechanism (P6) 0404 02 04 08 06 0406 1 1 08 08

‘Transmission and Distribution Management (P7) 04 04 04 04 06 06 04|06 08 1 08 08

Support and Operation (SO) Resources (SO1) 04 04 02 04 06 04 04 06 08 06 06 08

Ability, Awareness and Information Exchange (SO2) 0202 02 02 04 04 02 04 06 04 04 06

Power Procurement (SO3) 0404 02 04 06 06 04 06 1 |08 08 1
Power Dispatching (S04) 0202 02 02 06 02 04 04 08 04 06 06
Loss Reduction Measures (SO5) 0202 02 04 04 06 04 06 06 1 06 1
Power Transmission Technology (SO6) 04 04 02 04 06 04 06|06 08 08 08 08
Low Carbon Equipment (SO7) 0202 02 02 040204 04 06 04 0608
SF6 Recycling (SO8) 0202 02 02 04 06 04 06 08 10 08 LO
Performance Evaluation (PE) Monitoring, Measurement, Analysis and Evaluation (PE1) | 02 | 02 | 02 02 04 06 04 06 08 1 08| 1
Compliance Evaluation (PE2) 0202 02 04 04 02/ 04|06 08 06 08 08
Internal Audit (PE3) 0202 02 02 06 02 02 04 1 |06 04 06
Management Review (PE4) 0402 02 02 06 02| 04|02 08 04 06 04

Improvement (1) Improvements (I1) 0402 02 04 04 020406 06 04 06 08
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Type

Effectiveness Indicator

Indicator

Overall Carbon Footprint

Implication

‘The aggregate carbon emissions post implementation of the enterprise’s
emission reduction measures

Total Reduction of Carbon Emissions

Trading Volume of Carbon Credits

‘The total amount of carbon emission reduction achieved through the
implementation of structural and technological measures for reducing
emissions

‘The volume of carbon credits transacted by companies in the carbon
emissions trading market

Efficiency Indicator

Intensity of Carbon Emissions

‘The linkage of carbon emissions to production value enables the
calculation of an enterprise’s carbon emissions per unit of production
value

Intensity of Reduction in Carbon Emissions

Carbon Footprint of Resource Consumption per Unit

reflects the reduction efficiency of enterprises

Carbon emission reduction per unit of output value, which directly

‘The carbon emissions generated per 10,000 yuan of energy or resources
consumed in the production and operation of the enterprise

Carbon Emission Reduction Efficiency in Relation to Cost

‘The carbon emission reduction achieved per 10,000 yuan of investment
in emission reduction reflects the input-output efficiency of research and
development activities

Economic Indicator

Comprehensive Abatement Rate of Return

Net Benefit of Emission Reduction Per Unit of Carbon Emission
Reduction

reducing emissions

‘The higher the ratio of net abatement benefit to abatement cost, the more
conducive it is to enhancing enterprises’ initiative and enthusiasm in

‘The net benefit per ton of carbon emission reduction resulting from
carbon emission reduction activities
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Dimensi

Indicator

Score 2011 2t

2013 2014 2015 2016 2017 2018 2019 2020 2

Source (S) The proportion of renewable energy (S1)/% A 5515 6119 | 5247 5805 | 5592 | 73.82 | 58.89 | 55.12 | 49.53 | 5852 | 55.19
B | 2416 3492 | 2897 | 3511 | 37.75 | 39.96 | 3672 | 31.69 | 36.85 | 4091 | 4147

C | 373 494 | 416 384 | 459 445 614 | 857 1060 | 1238 | 19.80

D | 613 1154 847 962 | 1175 1504 1352 1204 1431 | 1451 | 19.65

Electricity supply growth rate ($2)/% A | 995 58 | 825 185 | 098 | 7.66 610 | 1124 773 | -324 | 1557

B 1232 289 | 679 | -017 | 206 | 824 | 1115 | 1315 | 7.80 | 394 | 12.90

C 1416 231 | 563 346 | -383 185 752 816 456 | 026 | 958

D 1478 333 | 866 487 | 389 1015 988 1133 7.7 | 416 | 14.50

Regional net inflow electricity ratio ($3)/% A -1014 -8.67 | -952 -10.48|-10.69 -840 -10.18 -8.34 -896 -857  -630

B 1260 1520 | 1471 1183 | 13.06 992 | 1204  7.74 528 | 838 | 695

C | 284 363 | 317 474 | 700 791 796 | 9.04 1486 1421 | 1669

D 6.56 | 1366 655 | 1080 895 623 791 790 | 1050 9.1 | 0.60

Operation (O) Combined line loss rate (O1)/% A | 646 708 | 668 642 | 658 682 678 675 663 | 534 | 470
B | 7.06 | 744 | 942 | 895 | 832 853 | 829 | 7.98 | 796 | 7.76 | 7.71

C | 518 515 | 515 606 | 7.87 | 7.97 | 793 | 7.84 | 755 | 745 | 7.05

D | 701 706 | 736 | 722 | 699 | 695 692 691 637 | 420 | 415

SF6Recycling degree (02)/% A 9500 9520 | 9550 9570 | 95.70 9580 9580  96.00 9610 | 96.10 | 96.30

B 9500 9520 | 95.50 | 9570 | 9570 | 95.80 9580  96.00 | 96.10 | 96.10 | 96.30

C 9500 9520 9550 9570 | 95.70 9580 9580  96.00 9610 | 96.10 | 96.30

D 95.00 9520 | 95.50 | 9570 | 95.70 ' 95.80 9580  96.00 | 96.10 K 96.10 | 96.30

Result (R) Carbon emission growth rate (R1)/% A - 425 | -220 | 446 | -399 | 7.19 | 084 | 724 | -045 | 044 | 1157
B - =226 757 | -9.28 | -409 | 020 | 348 | 287 | 355 | 320 | 2048

c - 063 | 7.69 | -340 | -231| 232 393 1022 -031 | -262| 9.34

D - -680 | -887 | -373 | -123 | 477 1163 10.89 | 876 | 260 | 470

Carbon emission factor (R2)/kg CO, e/kwh A | 035 034 034 033 | 032 032 031 030 029 | 028

B | 053 | 050 | 048 046 044 043 | 043 043 043 | 042 | 042

C | 082 082 082 081 | 081 081 081 081 080 | 080 079

D | 069 058 | 052 046 | 044 043 | 043 043 042 | 042 | 042

Economy (E) | Growth rate of power grid infrastructure investment (E1)/% A - | 645 | 6395 |-31.12| 54.34 | 39.12 1349 19.88 | -381 |-22.89| 0.35
B - -18.88) 7.20 | -9.40 | 3315 | 74.63 -1358 233 2833 | 2069  -179

c - =022 -523 | 2920 | 32.62 | 39.66 -1537 -10.41 2042 9.85 | -4.17

| D - 251 7—11.74 4058 | 13.79 76.06 -15.92| -9.61 | 3652 | 5468 | -15.11

Growth rate of electricity sales revenue (E2)/% A - 516 | 532 | 214 | 081 | 739 837 1443 786  -3.10 1635

B - 860 | 1176 | 008 | 349 | 7.37 | 348 1161 585 | -013 | 17.70

< - 234 | 563 | -469 | -556 | -277 756 639 | 10.11 | -6.82 | 10.05

D - 624 | 1178 | 396 | 122 | 498 | 734 | 10.58 | 615 | 262 | 19.62

Total wear and tear cost growth rate (E3)/% A - 1602 | -289 | -221 | 357 | 1159 | 907 | 1576 | 581 |-22.07| 172

B - 1101 | 37.98 | -6.03 | -862 687 | 227 1130 898 | -461  17.99

(o - 171 | 555 | 1242 | 2514 | -435 698 378 | 929 | -107 | 3.70

D - 260 | 1451 | -033 | -402 | 020 | 14.62 | 12.77 | -244 |-31.70| 18.45
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