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Abstract

Driven by China’s “carbon-peaking and carbon-neutrality” goals, the development of a strong trans-
portation system, and the digital transformation of transport infrastructure, high-speed railway con-
struction management is shifting from conventional control of quality, schedule and cost toward pro-
cess-oriented low-carbon management that takes into account energy efficiency, resource conser-
vation, and carbon emission constraints. High-speed railway projects feature long corridors, dispersed
work sites, diverse equipment, large temporary energy demand, long material supply chains and mul-
tiple stakeholders, making the traditional management approach relying on manual reporting and
stage-by-stage summary insufficient for real-time acquisition, accurate calculation, and dynamic op-
timization of carbon data. Focusing on the construction stage, this review summarizes carbon emis-
sions from material production and transportation, construction machinery, temporary electricity,
civil works and waste treatment, and reviews the applications of the Internet of Things, wireless sen-
sor networks, 5G/5G-R, low-power wide-area networks, edge and cloud computing, software-defined
networking, BIM, digital twins and cybersecurity. A dedicated comparative analysis is further con-
ducted for 5G/5G-R, NB-1oT, LoRaWAN, Wi-Fi 6/6E and fiber/industrial Ethernet in terms of cost,
power consumption, deployment difficulty, reliability and application boundaries, with scenario-spe-
cific recommendations for tunnels, bridges and precast yards. A five-layer architecture comprising
perception, networking, edge computing, platform and application layers is proposed. The implemen-
tation challenges are then examined from technical, economic and managerial perspectives, includ-
ing life-cycle cost, return on investment, energy-performance contracting, platform-as-a-service mod-
els, cross-organizational data governance and incentive mechanisms. The review indicates that net-
work engineering can transform fragmented energy, material, equipment and quantity data into com-
putable, traceable and actionable carbon information, but large-scale deployment depends on sce-
nario-appropriate communications, economic feasibility and organizational coordination. Future
research should strengthen carbon-data standardization, cloud-edge-end collaboration, the integra-
tion of digital twins and artificial intelligence, green networking, and trusted carbon-data manage-
ment, thereby providing technical and managerial guidance for stakeholders to implement refined
low-carbon management in high-speed railway construction.
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Table 1. Main review dimensions of low-carbon management for high-speed railway construction
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Figure 1. Network architecture for low-carbon management of high-speed railway construction
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