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Abstract

Under the background of the “dual-carbon” goals, high-quality development oriented toward green,
low-carbon, and circular development has become an important direction for the transformation of China’ s
infrastructure construction. As an essential public infrastructure supporting new urbanization and green
mobility, urban rail transit requires substantial inputs of construction materials and energy during its
development, resulting in concentrated carbon emissions during the embodied stage. Therefore,
systematically conducting carbon emission accounting and exploring emission reduction strategies for the
embodied stage of urban rail transit is of great significance for promoting low-carbon construction in rail
transit projects.

This study takes the embodied stage of urban rail transit projects as the research object. Based on the
Life Cycle Assessment (LCA) framework, a carbon emission accounting model is established. A typical
shield tunnel section and an open-cut station are selected as case studies to quantify and analyze the carbon
emission structure during the embodied stage. After identifying the key sources of carbon emissions, a set
of carbon reduction strategies is proposed. Scenario analysis is further introduced to construct three
emission-reduction scenarios: the Baseline Scenario (BS), the Moderate Reduction Scenario (S1), and the
Enhanced Reduction Scenario (S2). The carbon reduction potential under different combinations of
technical pathways is then simulated. In addition, a techno-economic analysis is conducted to evaluate the
economic feasibility of different mitigation measures, and the application mechanisms and management
implementation approaches of emission reduction scenarios in engineering practice are further discussed.

The main conclusions are as follows:

(1) Carbon emission structure of the embodied stage. The results indicate that carbon emissions in the
embodied stage of urban rail transit projects are mainly concentrated in the production of construction
materials and prefabricated components, accounting for more than 70% of the total emissions. Among them,
the production of concrete and steel constitutes the dominant emission sources. Although the emissions
from material transportation and construction processes are relatively smaller, they still present certain
emission reduction potential.

(2) Emission reduction potential under multiple scenarios. Scenario simulation results show that
significant emission reductions can be achieved through different mitigation strategies. Under the Moderate
Reduction Scenario (S1), approximately 14.3% of total emissions can be reduced through the routine
application of low-carbon materials and moderate prefabricated construction. Under the Enhanced
Reduction Scenario (S2), the comprehensive emission reduction rate can reach 29.3% by adopting high

prefabrication rates, optimized transportation, and electrification of construction equipment. This



demonstrates that the coordinated implementation of multiple strategies can significantly improve emission
reduction performance.

(3) Techno-economic characteristics of mitigation measures. The techno-economic analysis indicates
that the substitution of low-carbon construction materials exhibits the advantage of “low cost and high
emission reduction potential,” making it a practical and promotable mitigation pathway. Although the
electrification of construction machinery and high-level prefabricated construction have considerable
emission reduction potential, they still face certain cost constraints at the current stage and require
comprehensive decision-making based on the project life cycle.

(4) Engineering application and implementation pathways. Based on the analysis of emission
reduction potential and economic feasibility, an engineering application mechanism for emission reduction
scenarios is further developed. In addition, a bidding management mechanism integrating carbon emission
indicators and a low-carbon supply chain coordination framework are proposed, providing practical
management approaches for implementing low-carbon construction in urban rail transit projects.

Key words:Urban Rail Transit; Embodied Stage; Life Cycle Assessment (LCA); Carbon Emissions;

Scenario Analysis
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