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Abstract: As industrial economies continue to mature, the marginal gains derived from improving
traditional energy efficiency are gradually diminishing, and technological innovation is increasingly
facing significant bottlenecks. Nevertheless, the rapid rise of digital enterprises has fostered a vibrant
external market for digital technologies. By accelerating the deep integration of digital and real
economy, this transformation has significantly reshaped resource allocation patterns, offering new
possibilities for overcoming the constraints of conventional energy use and creating fresh opportunities
for enhancing global energy efficiency. Therefore, examining how digital enterprises empower the
manufacturing sector and optimize energy utilization efficiency is not only vital for exploring new
pathways to sustainable industrial development but also critical for achieving the “dual carbon” targets.

This paper develops an extended heterogeneous firm model incorporating both external digital
sectors and endogenous technological decision-making. It investigates the theoretical mechanisms
through which external digital sectors influence the energy efficiency of manufacturing firms from three
perspectives: digital investment, green innovation, and resource reallocation across firms. This paper
further explores how the impact of digital sectors on energy efficiency is amplified within ultra-large-
scale markets. Using data on Chinese industrial firms, this paper applies ensemble learning methods to
identify digital enterprises and construct a proxy variable for digital proximity. Empirical analysis is
conducted using firm-level Chinese tax survey data from 2007 to 2016, and a counterfactual analysis
with dynamic adjustment of key factors is employed to identify the sources of ultra-large-scale market
advantages. In addition, this paper systematically analyzes the heterogeneous effects of digital
enterprises’ spatial distribution in three dimensions: industrial diversity, technological ecosystem, and
digital community network. Empirical results show that increases in digital proximity significantly
enhance energy efficiency through smart manufacturing and green innovation. Moreover, it promotes
the reallocation of market resources toward firms with higher energy efficiency, ultimately improving
overall energy efficiency. The ultra-large-scale market further amplifies the enabling role of digital
enterprises in improving energy efficiency. Additionally, this paper finds that regional industrial
diversity, well-developed technological ecosystems, and strong integration into digital community
networks further strengthen the empowering effect of digital enterprises. Hence, this paper offers
theoretical foundations and policy insights for enhancing energy efficiency through digital
empowerment and maximizing the advantages of ultra-large-scale markets.

The marginal contributions of this paper lie in three main areas. First, it takes a novel approach by
analyzing how the digital economy can support green and high-quality development from the perspective
of external digital market supply. It systematically deconstructs the heterogeneous effects of digital
enterprises’ distribution across the dimensions of industrial diversity, technological ecosystems, and
digital community networks. Second, this paper extends the theoretical framework for analyzing energy
efficiency by incorporating both external digital investment and internal green innovation as joint
endogenous decisions. It explores the environmental benefits of optimized resource allocation from a
dynamic market perspective, thereby establishing a comprehensive theoretical framework for
understanding how digital enterprises enhance energy efficiency. Third, this paper investigates the
reinforcing role and source of advantage in ultra-large-scale markets and employs counterfactual analysis
to quantify their potential to boost energy efficiency through digital empowerment. This deepens existing
literature’s understanding of how such large-scale market advantages emerge and function.

Keywords: digital firms; energy utilization efficiency; ultra-large-scale market; smart
manufacturing; green innovation
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