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Abstract

With the implementation of the Carbon Border Adjustment Mechanism (CBAM) and GX-ETS, the automobile industry faces
urgent requirements to visualize and reduce CO; emissions. This paper analyzes CO; emissions intensity specifically for the
vehicle body manufacturing process, excluding powertrain components, to establish a universal baseline. Using energy demand
data from a typical Japanese automobile plant, we calculated Scope 1 and Scope 2 emissions across different seasons. The
results indicate an average emission of 170 kg-COy/unit, with Scope 1 accounting for 62% of the total, primarily driven by
thermal demand in the painting process. Significant seasonal fluctuations were identified; winter emissions were approximately
1.9 times higher than intermediate periods due to increased HVAC loads and equipment start-up energy. Notably, concentrated
production schedules reduced per-unit emissions by minimizing daily start-up losses. The findings suggest that beyond
electrification, decarbonization strategies must prioritize thermal management in painting processes and the optimization of

production schedules to mitigate start-up energy losses.
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