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Fig.1 Energy Consumption and Carbon Emissions in China’s Terminal Energy-Using Sectors in 202012 A, Proportion of Energy
Consumption by Terminal Energy-Using Sectors; B. Sectoral Distribution of Carbon Emissions; C. Comparison of Carbon Emission

Intensity Across Countries
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Fig.2 Total CO, Emissions and Sectoral Comparison of Direct Carbon Emissions in China in 20202
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Fig.3 Carbon Neutral Metallurgical Technology Roadmap of China Baowu Steel %
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Fig.6 CO, Emissions in China’s Transportation Sector'1?:2;

B. Composition of CO, Emissions in the Transportation Industry

A. Trends in CO, Emissions from the Transportation Industry;
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Fig.8 Development Trends of “Multi-Source Complementarity and Optimized Utilization” in Terminal Energy Use
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Enhancing Energy Efficiency and Reducing Emissions of Energy End-use Sectors:
Pathways, Trends, and Strategies

. . * . . .
Yimin Xuan Xianglei Liu
School of Energy and Power Engineering, Nanjing University of Science & Technology, Nanjing 210016, China

Abstract Under the strategic framework of China’s “Dual Carbon” goals, enhancing energy efficiency and reducing
emissions in end-use sectors is a pivotal step toward facilitating the nation’s transition to a low-carbon energy system and
achieving high-quality economic development. This study conducts a detailed evaluation of the carbon emission profiles of
China’s key energy end-use sectors, including steel, cement, chemicals, transportation, and construction. It systematically
identifies critical pathways for improving energy efficiency and reducing emissions, including source-level low-carbon
initiatives, process-level carbon reduction, and end-level carbon capture. The study further identifies critical common
scientific challenges: (1) How to develop multi-energy complementary theories and methodologies that consider diverse
qualities of different energy resources, and build intelligent energy systems integrating sources, grids, loads, and storage? (2)
How to reconstruct theories, methods, and technologies of combustion processes, thermodynamic cycles, and energy
management to achieve synergistic energy transformation, utilization, recovery, and storage? (3) How to balance efficiency
and reaction rates between thermodynamic properties and kinetic processes to establish recycling systems for carbon
capture, conversion, and utilization? (4) How to develop coordinated strategies for energy and carbon flow optimization
under dual constraints of life-cycle energy efficiency and carbon emissions, focusing on system-level design, control, and
operational frameworks? Finally, to promote the low-carbon and sustainable advancement of end-use energy sectors, this
study presents a series of targeted, actionable recommendations. First of all, a primary focus is suggested to be placed on
promoting the development of advanced technologies and foundational theoretical innovations to establish energy systems
that are intelligent, efficient, secure, and environmentally sustainable, and to strengthen source innovation capabilities.
Secondly, it is suggested to accelerate the establishment and improvement of relevant policies, enhance synergy among
universities, research institutions, and industries, for collaboratively addressing technical challenges of reducing carbon
emissions. Additionally, it is suggested to underscore the importance of implementing large-scale demonstration projects to

accelerate the deployment of innovative technologies, facilitating low-carbon upgrade of energy end-use sectors.

Keywords end-use energy consumption; efficiency enhancement and emission reduction; multi-source complementarity;
dual control of energy and carbon
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