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Technological Progress, Emission Reduction Pathways, and Green
Total Factor Productivity Growth in the Steel Industry

XU Yongbing'2
(1. College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Academic Affairs Office, Jiangsu Open University, Nanjing 210036, China)

Abstract: Under the constraints of the “dual-carbon” targets, the green transformation of the steel industry urgently needs to shift from
total quantity control to efficiency enhancement. Based on China’s steel industry data, this study employs the Global Non-radial Directional
Distance Function (GNDDF) and the Global Malmquist-Luenberger (GML) index to measure green total factor productivity (GTFP), and
deeply decomposes its growth into three pathways: input saving, desirable output expansion, and undesirable output reduction, thereby
analyzing the driving mechanism of green growth from the perspective of “source structure”. On this basis, an integrated analytical
framework of “technological progress—decomposition pathways—institutional environment” is constructed to empirically test the dominant
role of technological progress and the synergistic mechanisms of environmental regulation and technological innovation. The findings reveal
that: (D The average annual growth rate of GTFP in the steel industry is 6.1%, with technological progress contributing 89.3%, confirming
it as the decisive driver of green growth; @ A triple-driver structure is observed, led by output expansion, followed by input saving and
emission reduction, among which expected output expansion contributes the most; ) Environmental regulation and technological innovation
not only independently promote emission reduction but also exhibit significant synergistic effects, demonstrating a virtuous cycle between
regulation and innovation; @ Policy combinations featuring stringent regulation and strong government support during the dual-carbon
period most effectively enhance technological progress. The study indicates that the green transformation of the steel industry is transitioning
from the “end-of-pipe constraint” stage to the “endogenous efficiency-driven” stage. This study advances beyond the traditional TC/EC
framework, proposing a three-path decomposition method, reveals the structural pathways of technological progress, and identifies the
synergy between regulation and innovation, providing empirical evidence for precision-oriented green policy design.

Keywords: green total factor productivity; technological progress; emission reduction pathways; environmental regulation; steel industry
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