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T. Yuksel and J.J. Michalek, 2015; Xu Hao et al, 2020; Yazan Al-Wreikat, 2022; Y. Yu et al, 2022)
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The Electrification of Construction Machinery Considering
Temperature Dependence and Introduction Strategies
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Abstract:

This study evaluates the temperature-dependent performance of electric construction
machinery (ECM) and proposes strategies for its implementation to support carbon
neutrality by 2050. While ECM offers a viable alternative to diesel-powered construction
machinery (DCM), challenges remain regarding battery performance and cost. Especially,
Lithium-ion batteries (LIB) exhibit significant sensitivity to environmental temperatures,
which affects both operational efficiency and economic feasibility.

A quantitative comparison of ECM and DCM was conducted under varying temperature
conditions. The results indicate that at 25°C, ECM achieves operational efficiency
comparable to DCM, with economic advantages when subsidies are available. However, at
0°C and 45°C, ECM performance declines markedly, with accelerated LIB degradation
under prolonged use, compromising both practicality and cost-effectiveness. High-load
operations further reduce operational duration and exacerbate cost inefficiencies. The
findings highlight the need for region-specific implementation strategies that account for
temperature conditions influenced by climatic differences. While financial incentives such
as subsidies can offer short-term benefits, they are insufficient to ensure long-term adoption.
Comprehensive strategies must consider operational conditions to enhance ECM viability.

To efficiently promote ECM adoption, policies should prioritize targeted regional
deployment and incorporate operational analysis to inform decision-making. Establishing a
collaborative system that enables end-users to share operational data with governments and
manufacturers is essential to optimize strategies and development efforts. This study
underscores the importance of integrating technological, economic, and environmental
considerations to accelerate the adoption of ECM while addressing regional and operational

challenges.
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