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How does Digital Transformation Drive Manufacturing Enterprises from

Carbon Lock-in to Carbon Unlocking?

CHEN Zhenling, WANG Xueting, YE Qing
( Beijing Technology and Business University, Beijing 100048 )

Abstract ; Breaking the high-carbon lock-in of manufacturing enterprises and enhancing their carbon unlocking
capability are key steps in promoting China’ s low-carbon economic transition. This paper integrates digital
transformation, enterprise competitiveness, internal and external environmental factors, and carbon unlocking
capability into a unified analytical framework to explore the internal mechanism through which digital transformation
empowers carbon unlocking in manufacturing enterprises.

Using panel data of China’ s listed manufacturing enterprises from 2008 to 2023, this paper empirically
examines the impact of digital transformation on carbon unlocking, including the direct effect, mechanisms,
interaction effects, and heterogeneity. Furthermore, based on the characteristics of digital transformation, it
investigates the impacts of the digitalization of product production and business operations on carbon unlocking in
manufacturing enterprises.

The empirical results are as follows. (1) Overall, digital transformation effectively enhances the carbon
unlocking capability of manufacturing enterprises. The digitalization of product production and business operations
also exerts positive impacts, while the enabling effect of the former is relatively weaker. (2) Digital transformation
facilitates carbon unlocking by strengthening enterprise competitiveness. Specifically, the improvement in economic
competitiveness directly promotes carbon unlocking and also indirectly enhances it by reinforcing green innovation
competitiveness and managerial competitiveness. In addition, easing financing constraints and increasing
government environmental attention can further strengthen the positive effect of digital transformation on carbon
unlocking. (3) Heterogeneity analysis shows that digital transformation can only empower carbon unlocking in large
manufacturing enterprises. Compared with non-state-owned and labor-intensive manufacturing enterprises, state-
owned and capital-intensive ones experience stronger promoting effects of digital transformation on carbon
unlocking. Moreover, the digitalization of product production enhances carbon unlocking in state-owned, large,
and labor-intensive enterprises.

This paper provides insights for developing policies that promote digital transformation and carbon unlocking in
the manufacturing sector. The government should actively encourage and guide manufacturing enterprises to
accelerate their digital transformation, promote the construction of digital infrastructure, introduce supportive
policies, and implement incentive measures to lower the costs and risks associated with digital transformation.
Moreover, targeted and precise policy support should be adopted to enhance policy adaptability and ensure the
smooth implementation of digital initiatives across the manufacturing sector. The government should also leverage
the exemplary role of state-owned and large enterprises to advance digital transformation across all dimensions of
enterprise operations, break carbon lock-in, harness the dividends of the digital economy, and drive high-quality,
sustained industrial development.

Keywords: digital transformation; carbon unlocking; manufacturing enterprise; competitiveness empowerment ;
financing constraints; government environmental attention
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