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	This paper first proposes the concept of committed carbon emission operation regions (CCEOR) to depict the low-carbon operation space (LCOS) of power system, which provides more comprehensive information for low-carbon operation analysis. Then, aiming at the construction of the CCEOR boundary (CCEORB) under the high-dimensional nonlinear spatio-temporal coupling variables of power system, this paper develops a CCEORB construction method based on data and model hybrid driven mechanism. With the feature engineering, neural network architecture based on attention mechanism and deep convolution, and data and model hybrid driven training mechanism, the presented method guarantees the efficiency accuracy of CCEORB. The study with the IEEE-118 test system verifies that the proposed CCEOR can be used as a basic tool for low-carbon operation analysis to achieve low-carbon feasibility assessment and regulation of operating states. Meanwhile, the efficiency and high-dimensional applicability of the proposed method are confirmed. In addition, the variation characteristics of CCEOR with key constraints are visually analyzed, including the boundary characteristics of LCOS and its saturation phenomenon, which further reveal the electric-carbon coupling mechanism of power system operation.
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1. INTRODUCTION
In recent years, global climate change caused by greenhouse gases represented by CO2 has become a severe problem faced by all countries worldwide, seriously affecting sustainable development of the world economy and human society [1], [2]. Climate change is the most important issue of sustainability [3]. How to reduce CO2 emissions is a common concern across countries worldwide [4]. As the most significant energy-consuming and CO2-emitting country globally, China bears a considerable responsibility to reduce global CO2 emissions [5], [6]. The Chinese government made an international commitment to address climate change at the 75th Session of the United Nations General Assembly: China aims to have carbon dioxide emissions peak before 2030 and achieve carbon neutrality before 2060. This commitment is in line with China’s national security and sustainable development strategy and an effective way to promote the international development of the carbon trading market.
[bookmark: _GoBack]Energy burning is the largest source of CO2 emissions in China, accounting for about 88% of total CO2 emissions [7], [8]; the electricity sector accounts for about 41% of energy sector emissions [9]; and coal consumption is responsible for 75% of CO2 emissions from fossil fuels [10], [11]. The electricity sector produces 25% of the world’s CO2 [12]. Coal-fired electricity generation is the predominant form of electricity generation in China, and the electricity generation industry produces more than 45% of the country’s total carbon emissions [13]. The “2030 · 2060” double carbon goals will be challenging to achieve if the structure of coal-burning-based energy consumption continues to hold. To maintain the economy’s growth and achieve a low-carbon electricity system, it is essential to improve energy use efficiency, and clean energy must occupy the dominant position [14].

The northwest region is the most important new energy base in China, exceeding 48% of the national developability of wind and solar technologies. As the central hub of the northwest electricity grid, Gansu Province has significant advantages in geographical location and ventilation (Figure 1). The electricity generation in Gansu Province has continued to rise since 2000 (Figure 2), increasing from 28.027 billion kWh in 2000 to 141.529 billion kWh in 2019, with a sharp increase of 404.97%. The percentage of coal-fired power generation peaked in 2004, with 74% of annual electricity generation. Since then, clean energy, such as hydraulic, wind, and solar energy, has increased yearly. Before 2016, fossil fuels were the largest source of electricity in Gansu Province, accounting for more than 50% of all sources. In 2017, thermal electricity accounted for 47%, and clean energy accounted for 53%; the proportion of clean electricity generation exceeded coal-fired electricity for the first time. By the end of 2020, the capacity for electricity supply had reached 56.2 million kW, with 41.9% of new energy units using wind and solar energy as representatives, and 59% of clean energy units, including hydroelectricity, become the most significant source in Gansu Province. The total carbon emission of Gansu Province has gradually increased since 2000 (Figure 3). In 2000, the carbon emission of Gansu Province was 54.3 Mt, of which the electricity generation industry accounted for 14.25 Mt. In 2013, the direct carbon emission of the power industry reached a peak of 65.66 Mt. After 2013, as the direct carbon emission of power production decreased, it slowed down the total growth rate in Gansu Province to a certain extent.

2. Conclusions
This study used the IPCC carbon inventory and the power grid carbon dioxide emission factor method to account for carbon emissions based on the electricity production, transmission, and consumption stages in 2000–2019 in Gansu Province. In addition, we analyzed the drivers of electricity-related carbon emissions in these three stages with LMDI and SDA. The main conclusions are as follows:
· Direct carbon emissions during the stage of electricity production had the largest share of the entire electricity life cycle, and they accounted for 45.42% of total carbon emissions in Gansu Province.
· From the perspective of the cumulative contribution rate, electricity consumption and the electricity trade promoted carbon emissions in the stage of electricity production; the power structure, electricity efficiency, and fuel structure had opposite effects.
· In the stage of electricity transmission, the higher the voltage level, the lower the net loss rate, and high-voltage-level transmission lines effectively reduced the growth of implied carbon emissions.
· Industrial restructuring and technological advances effectively offset the growth in carbon emissions due to population, economy, and electricity consumption.
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