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Energy efficiency optimization and carbon emission
modeling analysis of mechatronic equipment
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Abstract

As a critical energy-consuming component in manufacturing systems, mechatronic equipment directly impacts energy efficiency and
carbon emissions through performance variations. Under the dual carbon goals, the importance of energy-saving and low-carbon
operations has grown significantly. However, challenges such as mismatched power matching, crude control strategies, frequent
load fluctuations, and inadequate condition assessment make energy consumption and emission quantification difficult. This study
analyzes energy consumption mechanisms from drive systems, actuators, control logic, and operational characteristics. A carbon
emission model integrating electrical energy consumption, mechanical efficiency degradation, load coupling, and lifecycle data is
developed to dynamically evaluate emission intensity across different operating conditions. Results demonstrate that this model
effectively identifies potential energy efficiency improvements, providing actionable pathways for enterprises to reduce energy costs
and advance green manufacturing.
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