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Abstract; The green transformation of manufacturing enterprises is a strong support for achieving the “dual carbon”
goals, and applications of artificial intelligence ( Al)—characterized by intelligence and automation—have become a
new driver for intelligent upgrading and green transformation in manufacturing. Based on data for Shanghai and
Shenzhen A-listed manufacturing firms from 2010 to 2023, this study builds a two-way fixed-effects model and a

mediation-effect model to examine the impact of Al applications on manufacturing firms’ green transformation and its
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mechanisms. The results show that; 1) AI applications significantly promote green transformation in manufacturing
firms, and the conclusion remains robust after addressing endogeneity and conducting robustness checks; 2)
mechanism tests indicate that Al applications contribute through cost-saving effects, green-innovation effects, and
substitution of low-skilled labor, and promote green transformation via end-of-pipe treatment, front-end control, and
production-process optimization; 3) heterogeneity analysis shows stronger effects when firms are in the growth or
maturity stages, when the industry is low-carbon, and when firms are located east of the Huhuanyong Line; and 4)
extended analysis suggests that Al applications help integrate enterprise development with emission reduction,
promoting coordinated progress in economic growth and environmental protection. Based on these findings, the paper
proposes placing greater emphasis on the green value of Al technologies, promoting deeper integration of intelligent
manufacturing and green transformation, and releasing Al’s dual roles in efficiency enhancement and emission
reduction—using intelligent technologies to improve efficiency and expand production while saving energy and reducing
consumption to facilitate green transformation. This study provides empirical evidence for manufacturing enterprises to
achieve deeper integration and coordinated development of digital intelligence and greening.
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Fig. 1  Theoretical mechanism and research hypothesis framework
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Table 4  Instrumental variable method test results
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Table 5 PSM and EBM test results

(1) (2)
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Table 6  Other robustness test results
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AR it
(1) (2) (3) (4)
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Table 7 Mechanism test results
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(1) (2) (3) (4) (5) (6)
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Table 8 Different stages of enterprise life cycle
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Table 9  Heterogeneity test results
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Table 10  The synergistic effect between development and emission reduction test results

(1

(2)

(3)

4)

it TFP PES TFP PES
Al 0.038 *** -0.010 *** -0.046 *** -0.005 ***
(7.423) (7.423) (-5.259) (-5.698)
PES —5.443 "
(-5.308)
Al x PES 0.167 ***
(3.378)
TFP -0.119 ***

(-4.862)
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