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Abstract: Harnessing empirical analysis, this paper investigates the relationship between innovation-
driven industrial agglomeration (IDIA) and economic growth (GEG) in the context of the Yellow River
Basin in China. The study employs a non-radial and non-angular SBM ML model to comprehensively
evaluate GEG levels. Leveraging panel data spanning from 2008 to 2020 across 30 provinces and
cities, the analysis systematically explores the influence of IDIA on GEG. The research uncovers a
significant positive connection between IDIA and GEG, with a noteworthy impact observed partic-
ularly in underdeveloped regions, areas in intermediate stages of industrialization, and industries
characterized by heightened pollution levels. Importantly, the study reveals that green technology
adoption (GTA) acts as a critical mediator between IDIA and GEG, particularly within the context
of dirty manufacturing firms that are transitioning from mid-level industrialization. These findings
provide valuable insights for policymakers and industry stakeholders, enabling them to devise
targeted strategies for driving green technology adoption and fostering sustainable economic growth.
While this study contributes significantly to our understanding, it is important to acknowledge its
limitations, including the specific geographical focus on the Yellow River Basin and the potential
complexities inherent in assessing the intricate relationship between industrial agglomeration and
economic growth. Future research avenues could extend to broader geographical contexts and delve
into more nuanced mechanisms underlying the observed connections.

Keywords: innovation-driven industrial agglomeration; green economic growth; green technologies
adoption; environmental sustainability; China

1. Introduction:

The World Environmental Conference emphasized the importance of environmental
management through the establishment of goals for reducing carbon emissions [1]. The
manufacturing sector’s commitment to green development contributes significantly to the
advancement of environmental sustainability and progress, particularly in the context of
developing nations [2,3]. Throughout history, the manufacturing sector has been associ-
ated with substantial investments, pollution, energy consumption, and limited efficiency,
particularly in developing countries [4]. Greening of the manufacturing sector has become
a crucial strategy for the country’s development in the next ten years [5–8]. In addition,
China’s Made in China 2025 strategy seeks to support the local manufacturing sector’s
development through innovation and environmental responsibility [9], aligning with the
goals of carbon peaking and carbon neutrality [10]. This is also related to the way China’s
manufacturing landscape is steadily changing in favor of high-tech businesses, industrial
parks, and other options.

Industrial agglomeration, regarded as a crucial strategy for stimulating regional eco-
nomic growth, represents a unique model of economic organization in the contemporary
era [11,12]. This phenomenon involves the significant concentration of similar or identical
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industries within a specific geographic area, accompanied by the continuous interaction
and utilization of production factors. Spatial concentration in a specific area has been ob-
served as a significant driving force for regional and green economic development [13,14].
For instance, in America, the San Francisco area and the Great Lakes region account for 65%
of the country’s GDP. Roughly 30% of China’s total area is composed of the Yangtze River
Delta and Pearl River Delta regions, exhibiting the effective resource allocation made possi-
ble by industrial agglomeration [15]. Industrial agglomeration also contributed to China’s
regional growth, as shown in the nation’s 169 national-level high-tech industrial clusters
that cover only 0.1 percent of the territorial area and generate approximately 13 percent of
the national GDP in 2021 [15]. While industrial agglomeration promotes economic growth,
it is important to understand that the concentration of production elements may put a
strain on the environment. Despite the claims of some academics, industrial agglomeration
does not necessarily result in knowledge spillovers, technical advances, or increased re-
source use efficiency [16,17]. Additionally, it raises both production volume and population
density, potentially resulting in higher raw material consumption and increased pollution
levels [18]. Therefore, balancing industrial agglomeration and environmental protection
is a significant challenge for sustainable and inclusive economic growth. The existing
literature has explored the impact of industrial agglomeration on local environmental
contamination [7,17]. However, these studies often overlook the spatial spillover effects
and lack in-depth analysis of the underlying mechanisms. To address this gap, our study
utilizes panel data from Chinese cities and employs an active spatial Durbin model to
quantitatively examine IDIA’s influence on GEG, and also investigate the green technology
adoption (GTA) mediation role between IDIA and GEG.

This research contributes in the following ways: Firstly, it integrates the concepts of
IDIA and GEG, shedding light on the potential role of agglomerated industries in driving
environmentally sustainable economic development. By focusing on the specific case of the
Yellow River Basin, the study contributes to our understanding of how IDIA can effectively
promote GEG in a regional context. Secondly, the paper conducts a thorough empirical
analysis to find IDIA’s influence on GEG in the Yellow River Basin. By employing quantita-
tive methods and analyzing relevant empirical indicators, the study provides empirical
evidence to support the relationship between IDIA, GTA, and GEG. Thirdly, while previous
research primarily relied on provincial-level panel data [7,17], our study utilizes urban-level
data to provide more detailed and accurate findings, considering regional disparities for
economic development, resource endowment, and industrial structure, within the same
province. Lastly, the paper concludes with policy implications for sustainable regional
development. The policy recommendations derived from the research findings can guide
regional development strategies in the case of the Yellow River Basin and the related.

The remainder of this research report is divided into the following sections: Section 2
offers an overview of the relevant literature. In Section 3, we detail the establishment
of the econometric model, indicator selection, and data origins. Section 4 presents the
empirical results and associated observations. Sections 5 and 6, which presents policy
recommendations based on the findings, summarizes the primary conclusions.

2. Literature Review
2.1. Industrial Agglomeration

An industrial agglomeration, commonly referred to as an industrial agglomeration
district, embodies a concentration of businesses engaged in manufacturing similar or related
categories of goods within a specific geographical area [19]. Marshall (1890) pointed out
that such districts constitute locations where small and medium-sized businesses actively
participate, amalgamating social trends rooted in historical and natural variables. This
phenomenon is underpinned by diverse elements, including the evolution of regional
specialization, the establishment of a labor market tailored to specific industrial expertise,
the reinforcement of connections between upstream and downstream enterprises, and
the facilitation of technological advancement [20]. Ellison and Glaeser [21] proposed a
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core-edge model, suggesting that industrial agglomeration emerges from a combination
of centripetal and centrifugal forces, encompassing local market effects and price index
effects.

Researchers have presented two perspectives concerning the external effects of indus-
trial agglomeration in industrial realms: the Marshall–Arrow–Romer (MAR) externalities,
which underscore the influence of industrial specialization, and the Jacobs externalities,
which emphasize the effects of industrial diversification. Marshall [22] highlighted the
increasing benefits businesses gain from agglomeration economies, such as access to a local
talent pool, supplier networks, and knowledge spillovers, leading to the emergence of
MAR externalities that reduce communication costs between firms. On the other hand,
Jacobs (1969) argued that knowledge spillovers between complementary industries, rather
than similar ones, can enhance economic efficiency and promote innovation [23]. As in-
dustrial agglomeration scales up, more enterprises gravitate towards the area, resulting in
heightened specialization, collaboration, and core product production. Furthermore, the
expansion of the agglomeration area augments the supply of production factors, reduces
average production costs, attracts labor, and enhances industrial competitiveness. This
outcome is often juxtaposed with the creation of a reservoir [24]. Notably, the benefits of
economic agglomeration are not universally advantageous; several scholars have cautioned
that optimal agglomeration effects necessitate a certain scale, exceeding which can diminish
the overall advantages of the agglomeration [25,26], which suggested that the optimal
effects of agglomeration require a certain scale; surpassing the local capacity can reduce the
overall advantages of the agglomeration zone. Thus, our study underscores the integration
of innovation into industrialization for sustainable economic growth [27]. Wu and Lin [28]
explored the nexus between the market environment and industrial agglomeration in
China’s context, emphasizing the market’s pivotal role in resource allocation, component
flow, and the magnitude of foreign direct investment.

2.2. Green Economic Growth

In Growth limits, Meadows, Meadows [29] presented the idea of “green economic
growth,”. This concept advocates for a “green revolution,” emphasizing that rapid expan-
sion could be impeded by pollution and resource limitations. This perspective underscores
the potential unsustainability of uncontrolled economic growth and underscores the im-
portance of preserving resources and the environment [29–31]. Within the framework
of green economic growth, the goal is to achieve increased output while simultaneously
minimizing resource consumption and pollution emissions [32]. The achievement of green
economic growth involves a variety of factors in the Chinese context, including industrial
development [17], the role of the Internet [33], economic openness [34], financial develop-
ment [35,36], fiscal spending [37], and renewable energy [38]. These factors collectively
contribute to shaping the landscape of green economic growth in China, where the em-
phasis is on balanced economic advancement that aligns with ecological preservation and
sustainable resource utilization. Technological progress, in particular, plays a crucial role as
a driver of green economic growth [39]. The impact of research and development (R&D)
investment on long-term green economic growth is significant by [34]. Investment in
technological innovation enables pollution reduction [40] and reduces the erratic nature of
green economic growth [36]. Ali, Alharthi [41] discovered that clean technology innovation
can promote green growth by fostering a good interaction between the economy and the
environment. The key literature related to these aspects is organized in Table 1.

Since the inception of the green economy concept in the 1980s, extensive research
has been conducted by scholars worldwide, focusing on resource conservation and envi-
ronmental enhancement. Integrating economic, social, and environmental benefits and
acknowledging their interdependence is essential to fully grasp the value of resources
and the environment. Honesty and optimization should underscore the primary goals
of economic development. Moreover, various forms of innovation, including investment,
production processes, circulation, sales, and consumption, contribute to “green” economic
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development [42]. Based on these considerations, this research article posits that the sig-
nificance of green economic growth (GEG) extends beyond a mere concept; it signifies an
idea. The intensive production mode represents an economically driven approach aimed at
augmenting efficiency and effectiveness through environmental innovation. Recognizing
the interplay between the economy, society, and environment within the confines of finite
resources, this developmental approach seeks the harmonization of the economy and the
environment. It aspires to align industries and resources, foster the integration of envi-
ronmental and health protection goals, and promote the amalgamation of economic and
ecological values.

Table 1. GEG factors.

Areas Explored Model Applied References

Green finance ↑ - [35]

Fiscal spending ↑ Sys-GMM [37]

Economic openness ∩; RD ∪ FE [34]

Renewable energy ↑ OLS [38]

Financial development ↑ Dynamic Sys-GMM [36]

Clean technological innovation ↑ QARDL [41]

Internet ↑ FE [33]

POP, ED, ER, TI, IS, and FDI ↑ SDM [32]

Telecommunications infrastructure ↑ DID [32]

Innovation ↑ Meta-SBM-Super-GML [40]

Technological innovation ↑ PLS-SEM [39]

Industrial symbiotic agglomeration ↑ SDID [17]
↑ Suggests the potential to enhance green economic growth (GEG) while ∪/∩ implies a U-shaped or inverted
U-shaped correlation with GEG.

In the Chinese context, the selection of variables, such as innovation-based industrial
agglomeration (independent), green economic growth (dependent), and green technology
adoption (mediating), stems from their interconnected role in sustainable development.
China’s dynamic industrial landscape and emphasis on innovation-driven clusters make
the agglomeration variable pertinent. Green economic growth underscores the nation’s
commitment to balancing economic progress with environmental concerns. Green technol-
ogy adoption as a mediating variable recognizes the pivotal role of technology in achieving
both economic and ecological goals. This variable choice aligns with the findings in Table 2,
offering a comprehensive understanding of factors driving green economic growth in
China.

The concept of “green” encompasses ideals like health, justice, cleanliness, sustain-
ability, and vitality. Achieving green manufacturing and a green economy need fusing
environmental values with economic ones [16]. The green idea embraces every facet of
economic activity and includes standardized and optimized economic, social, and envi-
ronmental benefits. Economic efficiency is a requirement for “green” development and is
an essential precondition for environmentally responsible growth. This comprises gain-
ing economic advantages from green innovation, incorporating green ideas into how the
economy runs, optimizing the industrial structure, and encouraging new areas of economic
growth. The industrial and service sectors in China are integrated, and modernization,
innovation, and strategic development in high-tech and developing industries all help to
boost technical innovation and management [43].
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Table 2. Variable description.

Variables Notation Details

Innovation-driven industrial
agglomeration LnIndust

Refers to the level of concentration of innovative industries and activities
in specific geographic areas to promote economic growth, and
technological advancements are calculated by using location entropy.

Green economic growth Hlq The SBM_ML index gauges the manufacturing sector’s level of green
economic growth.

Green technology adoption GTA
Refers to the integration and utilization of environmentally friendly
technologies and practices in various sectors to reduce environmental
impact and promote sustainability measured by patents granted.

Technological innovation LnNov
Refers to the development and implementation of new or improved
technologies to create novel products, services, or processes measured by
research and development (R&D) expenditure

Industrial-scale structure Sca The metric employed is the proportion of the local GDP to the cumulative
value of industrial output at or exceeding a specific scale.

Urbanization rate Urban Quantified by dividing the urban population at the end of the year by the
total population.

Environmental regulation Er

The composite index of environmental regulation is generated by
multiplying the weight and standardization values of industrial
wastewater emissions, industrial SO2 emissions, and industrial soot
emissions.

Fiscal concentration Gover Determined by the ratio of fiscal expenditure to GDP.

Economic development level Lngdp The logarithm of real GDP per capita.

Openness Trade Utilizes the portion of total import and export trade represented by GDP.

2.3. Green Technology Adoption

The manufacturing sector, being the largest natural resource consumer and pollutant
emitter, is under scrutiny due to its role in environmental degradation. The manufacturing
sector of China is crucial for the growth of the country, and it contributes 30.38% to the
GDP and adds 83.65% to the industrial value [44]. The manufacturing sector of China
depends on high investments, resource inputs and consumption, and intense greenhouse
gas emissions. It used 2.45 billion tons of coal in 2014, accounting for 57.55% of total
coal and 82.88% of the energy consumption of the industry [44]. All this greatly damages
the environment by producing 56.67% of the CO2 emissions of the total industry [45].
For sustainable transition, China as a country needs to improve the performance of the
manufacturing sector. Since 1990, China, to reduce carbon emissions, has aimed at energy
conservation and efficiency and introduced preventive laws [45]. In order to reduce energy
intensity in the economy, China being a signatory of the Paris climate change agreement,
the manufacturing sector needs a sustainable transition. To achieve a sustainable transition,
China launched the ‘Made in China 2025’ initiative to enhance innovation-based economic
performance and green development. Hence, most of the countries are gearing up to adopt
green manufacturing technologies with ambitious goals of net zero emissions.

The manufacturing industry, which is crucial for generating jobs, eradicating poverty,
and improving living standards, among other economic and social objectives, is intricately
connected to the advancement of a sustainable green economy [46]. The manufacturing
sector in China, dubbed the “world’s factory,” has a large impact on both the Chinese and
global economy, contributing 32% to the GDP and making up 12% of all exports [47,48].
Scholars have widely acknowledged the substantial influence of the manufacturing industry
on economic growth and environmental pollution [49–51]. Within the realm of modern
manufacturing, agglomeration serves as a crucial organizational structure [52]. To aid the
shift to a green economy, the Chinese government is actively encouraging agglomeration
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development in the manufacturing sector [53]. One major reason for manufacturing firms
to adopt green technologies is the issue of industrial pollution.

Industrial activities in China have resulted in severe pollution, leading to significant
environmental and societal consequences. This has prompted manufacturing firms to seek
sustainable solutions and adopt green technologies to mitigate their environmental impact.
Studies have highlighted the urgency of addressing industrial pollution in China.

For instance, Zhang, Song [54] emphasize the economic burden caused by pollution-
related health issues and reduced labor productivity. Wu, Li [55] review soil heavy metal
pollution in China, and Fan, Wang [56] looked into how China’s finance and manufacturing
co-agglomeration affected environmental pollution directly and discovered that both im-
proved industrial structure and credit scale expansion helped to safeguard the environment.
Furthermore, the study by Zhang, Zhang [57] highlights the contamination of water bodies
due to industrial activities, affecting aquatic ecosystems and public health. These adverse
effects on the environment and society emphasize the need for manufacturing firms to
adopt green technologies as a means of reducing pollution and promoting sustainability.

2.4. Innovation-Based Industrial Agglomeration and Green Economic Growth

The emergence of innovative industry agglomeration has increasingly become a
defining characteristic of the new economic era [58], as industrial structure adjustments
and agglomeration development have taken place [59]. The industrial agglomeration has
increased in popularity among industrial development and economic activities in recent
years [60]. Sharing of the labor pool, the use of specialized supply chains, and knowledge
spillovers are the three fundamental forces behind agglomeration [61]. Economists have
extensively studied the concept of agglomeration economies, focusing on their causes and
impacts [18,62]. Given the significance of this new form of agglomeration, it is essential to
investigate whether it can effectively facilitate GEG and the upgrading of the manufacturing
industry. Can innovation-driven industrial agglomerations (IDIA) support green growth
(GEG) at the national level? How is the manufacturing sector’s transition to sustainability
impacted by the concentration of high-tech industries? The responses to these questions
offer useful information for developing global economic and environmental policies, as
well as for national and regional industrial development strategies. They serve as practical
guidance and decision-making references for achieving a greener and more sustainable
future. Comprehending the correlation between high-tech industrial agglomeration and the
environmentally conscious transformation of the manufacturing sector holds significance.
It sheds light on the potential of agglomeration to drive sustainable practices and identifies
strategies to maximize its positive impacts.

Understanding the connection between industrial agglomeration and regional eco-
nomic growth, particularly in the setting of open economies, has received considerable
attention from academics [63]. The research background in this area can be characterized
by three key aspects. Firstly, initial discussions within the academic community focused
on the connection between industrial growth and the quantitative expansion of regional
economies. For instance, Tao, Wang [64] explored the effects of knowledge transfer and
urban industrial agglomeration diversification on regional economic growth from the
angle of externality theory. They found that specialization and knowledge spillovers
generated by industrial agglomeration significantly enhanced regional economic growth.
Similarly, Refs. [16,48] researchers discovered that industrial spatial agglomeration has the
potential to elevate labor productivity, bolstering regional economic advancement through
the dissemination of knowledge and technology. Secondly, researchers gradually shifted
their focus from examining the influence of industrial agglomeration on regional quantity
growth to investigating its impact on regional productivity [65]. However, studies on
industrial agglomerating rarely incorporate IDIA’s impact on GEG in the context of the
China Yellow River basin. Thirdly, researchers are focusing on the connection between
industrial agglomeration, energy, and the environment because of the growing concern over
resource consumption and pollution. They have started evaluating and researching the
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idea of IDIA’s impact on GEG. For instance, Wang, Yao [66], stated that the efficiency of the
green economy being impacted by the interplay of positive and negative externalities leads
to scale and crowding effects within multi-center agglomerations of urban industries. In
summary, research on the impact of innovation-driven industrial agglomeration (IDIA) on
green economic growth (GEG) aligns with the actuality of regional consequences resulting
from industrial concentration in developing nations or less developed areas.

2.5. Mediating Role of Green Technology Adoption

The harmful greenhouse gas (GHG) emissions from industry have become a huge
threat to the environmental ecology of China. China has started taking measures to
reduce GHG emissions due to heavy industrialization [67]. China, through its Made in
China 2025 mission, encourages firms to use sustainable production techniques, among
various other measures, to meet this challenge. The adoption of environmentally friendly
technologies or green technologies is one way to meet environmental goals. The adoption of
green technology has a strong relationship with the momentum of technological change [68]
because this cumulative procedure flourishes based on existing knowledge and provides a
kick start for future advancements [69]. Green technology adoption (GTA) can mitigate
the environment’s pollution, save resources, and handle issues of waste and recycling [70].
In addition, GTA is also an alternative way to resolve issues of resource wastage and
environmental pollution. Nonetheless, a higher level of interchangeability exists between
conventional and green technologies. The dirty industry users are not willing to adopt GT
without external pressure through government regulation [71]. Being the second largest
and largest developing economy in the world, China is now facing huge environmental
pollution due to rapid economic development in the country. The largest challenge is
to curtail environmental pollution without slowing down economic growth. After the
implementation of the PRC environment protection law in 1979 on a trial basis, effective and
sound environmental regulation is being practiced in the country. So, the desired change is
only possible through the adoption of green technology for sustainable environmental and
economic growth while incorporating IDIA and GEG in the Chinese economy.

A bunch of previous studies [67,72–87] documented green technology and its signifi-
cance. For instance, Wang, Cho [87] mentioned that their new model of strict regulation
would convince more firms to adopt environmental regulation, and they also observed
that several firms willing to adopt environmental regulations should also be considered. In
another study, Bian, Zhang [86] studied environmental concerns along with manufacturer
and consumer subsidies and said that there was an increase in emission and production
but lower abatement.

Moreover, Yin, Zhang [84] discussed the metrics linked to the capacities of green
technology innovation and their influencing elements, as well as the manner in which
the competitiveness of multi-agent cooperation is strengthened in China for green manu-
facturing. Perruchas, Consoli [82] found that a country will diversify green technologies
more if it already possesses relevant competencies and that the level of green technology
is more significant than the level of a country’s development. The study’s subsequent
conclusions note that specialization develops over time and leans more toward advanced
green technology. Lisi, Zhu [81] demonstrated that there is a positive correlation between
customer learning and environmentally conscious suppliers with green production and
innovation. However, the influence of fluctuations in green technology on this relationship
is moderated differently. Guo, Nowakowska-Grunt [80] in their work, try to make a differ-
entiation by stating that developed countries are generating higher levels of pollution and
emissions in comparison to less developed ones, primarily due to their extensive reliance
on industrial production. Finally, several others, like Appiah [88], discussed greenhouse
gas emissions, ecological footprint CO2, and economic growth. The previous studies about
green technology either discussed the way GT affects emissions GT affects emissions [89,90]
or, alternatively, the impact of Green Technology (GT) and regulations pertaining to the
environment on the mitigation of emissions [91].
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In the context of the Yellow River Basin in China, the current study considered the
mediating function of green technology adoption (GTA) between innovation-based indus-
trial agglomeration (IDIA) and green economic growth (GEG). The use of technology that
lowers pollution and resource consumption is referred to as GTA. Industrial agglomeration
in the region has historically been driven by traditional manufacturing practices, leading to
environmental degradation and resource depletion. However, the urgent need to address
environmental and economic challenges has necessitated a new direction for industrial
agglomeration, one that can meet both objectives simultaneously. By introducing GTA as a
mediator, the study recognizes that simply promoting industrial agglomeration without
considering environmental sustainability can exacerbate environmental issues. GTA acts as
a catalyst for transforming traditional industries into cleaner and more resource-efficient
sectors, thereby mitigating the negative environmental impacts associated with industrial
agglomeration. Green technologies encompass a wide range of innovations, including
clean energy sources, eco-friendly production processes, and waste reduction measures.
By adopting green technologies, industrial agglomeration in the Yellow River Basin can
effectively mitigate environmental degradation while promoting sustainable economic
growth.

3. Methods

Incorporating the mediating role of green technology adoption (GTA) from the sub-
sequent three aspects, environmental regulatory measures, technological progress, and
enhancement of industrial structure, the paper discusses the effects of innovation-based
industrial agglomeration (IDIA) on green economic growth (GEG). It acknowledges that,
in many situations, the impact of industrial agglomeration on GEG is not fully and im-
mediately obvious but may instead be mediated by various factors. Figure 1 displays the
conceptual framework and variable order.
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Figure 1. Conceptual framework: role of innovation-driven industrial agglomeration in promoting
green economic growth.

3.1. Research Hypotheses and Theoretical Analysis
3.1.1. Impact of Industrialization Agglomerations Driven by Innovation on Green
Economic Growth

Nonetheless, the Herfindahl index, Gini index, and Ellison–Glaeser index solely offer
a global measure of element agglomeration and are, therefore, inappropriate for this study
since they do not sufficiently describe the degree of agglomeration within particular regions.
For China’s economic development objectives and sustainable development, the effect
of innovation-driven industrial agglomeration (IDIA) on green economic growth (GEG)
is a topic of great importance. By easing the exchange of materials and energy with the
surrounding environment, industrial agglomeration, which is characterized by the spatial
concentration of businesses, has the potential to increase regional green development ca-
pacity and efficiency. Different industrial agglomeration theories shed light on its potential
impacts on GEG.

As important industrial agglomeration areas, China’s National Economic and Techno-
logical Development Zones must contend with issues including high energy consumption
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and pollution. Thorough empirical research at the city level is required to determine the
precise relationship between industrial agglomeration and green development in China.
Researchers are inclined to explore the correlation between researchers due to the con-
nection between IDIA and GEG. Recent studies indicate that the evolution of industrial
frameworks and economic shifts is significantly reliant on the innovative sector. In light of
the aforementioned discussion, we came up with the following theory.

H1. Innovation-Driven Industrialization Positively Contributes to Green Economic Growth in the
Context of China’s Yellow River Basin.

3.1.2. Green Technology Adoption Mediates the Relationship between Innovation-Driven
Industrial Agglomeration and Green Economic Growth

The mediating role of GTA between IDIA and GEG is a critical aspect to consider in
understanding the relationship between these factors. IDIA, marked by the clustering of
advanced and technology-driven sectors within a specific area, holds significant importance
in propelling economic advancement and facilitating the shift towards an environmentally
conscious economy. This form of industrial concentration facilitates the sharing of ideas,
dissemination of technology, and interchange of skilled individuals, all of which are pivotal
in fostering innovation and facilitating the eco-friendly evolution of the manufacturing
sector [92,93]. GTA refers to the integration and utilization of environmentally friendly
technologies and practices within industrial processes. It encompasses measures such as
resource efficiency, waste reduction, clean energy adoption, and circular economy princi-
ples. The adoption of green technologies allows businesses to reduce their environmental
footprint, enhance resource utilization efficiency, and mitigate the negative impacts of
industrial activities on the environment [94,95].

The mediating role of GTA suggests that the positive effects of IDIA on GEG are
channeled through the adoption and implementation of green technologies by firms within
agglomerated regions. In other words, industrial agglomeration stimulates the exchange
of knowledge, facilitates technology diffusion, and fosters an environment conducive to
innovation and the development of green technologies. As a result, firms located within
these agglomerated regions are more likely to adopt and implement green technologies
in their operations [94,96]. By adopting green technologies, businesses can improve their
resource efficiency, reduce pollution, minimize waste generation, and develop environmen-
tally friendly products. These practices not only contribute to the overall sustainability and
environmental performance of firms but also drive green economic growth at the regional
and national levels. GTA enables businesses to achieve cost savings, gain a competitive
edge in the market, and access new opportunities arising from the growing demand for
sustainable products and services [94]. Therefore, the mediating role of GTA highlights the
importance of incorporating environmentally friendly practices and technologies within
the context of innovation-driven industrial agglomeration. It highlights that the favorable
influence of industrial clustering on the growth of a sustainable economy stems from
the integration and application of environmentally friendly technologies by companies
situated in these clustered areas. By leveraging the benefits of innovation-driven industrial
agglomeration and embracing green technology adoption, regions can foster sustainable
economic development while mitigating environmental challenges. When GTA is adopted
by firms in an IDIA, the positive effects of innovation on GEG are amplified. This is because
GTA can help to reduce the environmental impact of industrial production, while also
improving the efficiency of production processes. Several studies have found that GTA
can mediate the relationship between IDIA and GEG. Therefore, we posit the following
hypothesis.

H2. Green technology adoption positively mediates the relationship between innovation-driven
industrial agglomeration and green economic growth.
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3.2. Model for Measuring, Choosing Variables, and Defining Data

Building an equationl to examine the direct impact IDIA has, the researchers formu-
lated the following econometric model 1 used by [97]:

LnGegit = β0+β1Hlqit + β2Sca+β3Urban+β4Er+β5Gover+β6Lngdp + β7Trade + εit (1)

Among these variables, LnGegit represents the level of green economic growth in
the manufacturing industry; Hlqit represents the level of innovation-driven industrial
agglomeration level in the Yellow River basin. Various control factors were selected to
ensure consistency with prior research findings, encompassing aspects such as industrial-
scale structure (Sca), urbanization rate (Urban), environmental regulations (Er), government
concentration (Gover), economic development level (Lngdp), and the extent of openness
(Trade). To account for unobserved components, the model also has a random disturbance
term, which acts as a random disturbance item.

When examining the mediating role of green technology adoption (LnGTA) between
the IDIA of the manufacturing industry, Model (2) was presented.

LnGegit = β0+β1Hlqit + β2LnGTAit + β3Sca + β4Urban + β5Er + β6Gover+
β7Lngdp + β8Trade + εit

(2)

3.3. Factors Affecting the Study
3.3.1. Innovation-Driven Industrial Aggregation in the Manufacturing Sector Is an
Explanatory Variable

In this study, the level of agglomeration of the IDIA at the provincial level was as-
sessed. Various indicators such as location entropy, HHI index, Theil index, and industrial
concentration have been employed by scholars to gauge the extent of industrial cluster-
ing [98,99]. Location entropy is one of these indicators that is frequently employed since
it can correctly represent the complete industrial cluster across various geographic areas
while reducing the effects of scale. To ascertain the level of agglomeration across China’s
30 provinces, municipalities, and autonomous areas, the location entropy approach was
used in this study. A higher number denotes better scale advantages together with a higher
level of agglomeration in the regional IDIA.

The specific measurement formula employed was

Hlqi =

hpi
pi
hp
p

(3)

In the equation, Hlqi is a proxy for the IDIA, hpi and pi denote the overall employ-
ment within each province and the count of industry-specific jobs within each province,
respectively, while hp and p refer to the total national employment and the count of jobs in
the innovative industry at the national level, respectively.

3.3.2. Explained Variable: Green Economic Growth

At the given time, there is no standardized evaluation method for assessing the
impact of IDIA on GEG. Two common approaches are used to assess GEG: one involves
constructing comprehensive evaluation indicators [100], while the other utilizes green total
factor productivity [101,102]. In this research, we employed non-radial and non-angular
measurements to apply the directional distance function of the SBM method. We utilized
the Malmquist–Luenberger (ML) productivity index, which amalgamates the green total
factor productivity across 21 notable manufacturing sectors [103], and we were able to
quantify the efficiency or extent of GEG. The ML index is particularly effective in capturing
the dynamic changes in GEG when accounting for non-green output within the model.
Thus, we followed the measurement method suggested by [103], where the expression
for the SBM_ML index between the periods t and t + 1 is MLt+1

t . The following formula
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represents a calculation for a productivity index known as MLt+1
t , which is used to evaluate

changes in productivity over two consecutive time periods, t and t + 1. The productivity
index considers various factors represented by the vectors xt, yt, dt and gt which correspond
to specific inputs, expected outputs, unexpected outputs, and direction vectors, respectively.
Breaking down the formula, the numerator of the expression [1 + Dt(xt+1, yt+1, dt+1, gt+1)]
represents the potential change in productivity from time t to time t + 1 based on the inputs,
expected outputs, unexpected outputs, and direction vectors for the later time period. The
denominator [1 + Dt(xt, yt, dt, gt)] represents the initial productivity level at time t based
on the inputs, expected outputs, unexpected outputs, and direction vectors. Similarly,
the second part of the expression 1 + Dt+1(xt, yt, dt, gt) in the numerator represents the
potential change in productivity from time t + 1 to t + 2. The last part 1 + Dt+1(xt, yt, dt, gt)
in the denominator represents the initial productivity level at time t + 1. The entire formula
essentially calculates the ratio of potential productivity changes between time periods t
and t + 1, and between time periods t + 1 and t + 2, while considering the specified input,
output, and direction vectors. This ratio provides insights into the directional change in
productivity over the two consecutive time periods:

Equation (4)

MLt+1
t =

[1 + Dt(xt+1, yt+1, dt+1, gt+1)]

[1 + Dt(xt, yt, dt, gt)]
× [1 + Dt+1(xt+1, yt+1, dt+1, gt+1)]

[1 + Dt+1(xt, yt, dt, gt)]
(4)

Within Equation (4), D represents the production unit DMU, while the letters x, y,
d, and g symbolize the production inputs, anticipated outputs, unforeseen outputs, and
direction vectors, respectively. The production input variables considered in this study
include capital, labor, energy, and science and technology. The net value of fixed assets in
the manufacturing industry, adjusted using the fixed asset investment price index, serves as
a proxy for the capital input. The size of the firms in the manufacturing sector is measured
by their employment of workers. In the industrial sector, energy inputs are calculated using
total energy consumption. R&D expenditures for manufacturing technology innovation
are used as a barometer for expenditures on innovative science and technology. The
R&D investment in manufacturing technology innovation is computed as follows based
on the data provided for this paper: manufacturing output sales value divided by total
industrial output value, multiplied by industrial enterprises’ R&D spending, and divided
by 10,000,000,000 yuan. Both the desired product and by-product are regarded as output
elements. Due to the discontinuation of publishing the complete production value for the
manufacturing sector after 2012, the projected output is computed using the total sales
value instead. Ten thousand tons of sulfur dioxide (SO2) emissions are used as a proxy
indicator for environmental pollution in the manufacturing sector to determine the negative
impact. The manufacturing sector’s SO2 emissions are specifically calculated by dividing
the 10,000 tons of standard coal by the industrial sulfur dioxide emission, multiplied by the
manufacturing sector’s sales output value by the total industrial output value.

3.3.3. Mediating Variable: Green Technology Adoption

In the existing literature, green technology adoption is commonly measured using
either R&D expenditure or invention patents. The number of patents is often preferred
due to its ease of accessibility, abundance of information, and comparability. Considering
the availability of data, technological innovation in this study is quantified by taking the
logarithm of patent grants.

3.4. Control Variables

In this study, a thorough set of control variables was considered, covering a variety
of factors like industry, city, government, environment, economics, and international
commerce. The selected control variables encompassed industrial-scale structure (Sca),
urbanization rate (Urban), environmental regulation (Er), financial concentration (Gover),
level of economic development (Lngdp), and degree of global trade openness (Trade).
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3.5. Data Descriptions

This work used a panel data research design with 30 Chinese provinces, municipali-
ties, and autonomous regions to guarantee data availability and continuity. The study’s
temporal scope extended from 2008 to 2020. Data sources for the study encompassed the
China Statistical Yearbook, the China Statistical Yearbook on Innovation-based Technology
Industry, the China Industry Statistical Yearbook, the China Population and Employment
Statistics Yearbook, and the China Statistical Yearbook on Science and Technology, as well
as the statistical yearbooks of specific provinces and municipalities. Tables 2 and 3 provide
comprehensive descriptions and statistical summaries of the variables considered in the
analysis.

Table 3. Summary statistics.

Variables Sample Mean Standard Error Maximum Minimum

LnIndus 431 0.066 0.212 −0.743 0.801
Hlq 431 0.759 0.975 0.032 4.616
LnNov 431 12.43 1.350 9.42 15.11
Sca 431 1.424 0.610 0.459 3.585
Urban 431 0.643 0.232 0.341 0.838
Er 331 0.616 0.529 0.002 2.625
Gover 431 0.436 0.092 0.072 0.717
Lngdp 431 11.56 0.617 8.801 10.94
Trade 431 12.46 51.40 0.071 603.3

4. Results
4.1. Examining Benchmark Linear Regression Results and Mediating Role of Green Technology
Adoption Innovation

The outcomes of both the linear OLS (ordinary least squares) regression and the
mediating effect of the GTA are displayed in Table 4. Model (1) depicts how IDIA affects
GEG in the manufacturing sector. Model (2) illustrates how IDIA affected GTA. Finally,
Model (3) displays the benchmark regression findings after accounting for GTA.

To ensure the reliability of the findings, this study used robust standard errors in the
regression analysis and considered both individual and time-fixed effects. The association
between green economic growth (GEG) and an innovation-driven industrial agglomeration
(Lnindust) was investigated using panel regression analysis. As shown in Table 4, mediation
variables were also added to a benchmark regression to evaluate the mediation impact.
Model (1) in Table 4 explicitly looks at how the degree of green economic growth is affected
by the basic explanatory parameters of innovation-driven industrial agglomeration. The
results validate the positive correlation by demonstrating that a rise in the extent of an
innovation-driven industrial agglomeration contributes to the growth of the green economy.
The procedural analysis of the study is presented in Figure 2.

The coefficient related to industrial agglomeration demonstrates statistical significance
at the 1% level, aligning with the anticipated outcomes outlined in the model construction
section. The regression outcomes for models (1) and (3) depicted in Table 4 illustrate that,
subsequent to integrating the reference regression and the mediation variable regression
for green technology adoption, the coefficients pertaining to innovation-driven industrial
agglomeration and green technology adoption continue to be highly significant positive
factors at the 1% level. Additionally, at the 1% level, the regression coefficient for agglom-
eration on the adoption of green technologies is also noticeably favorable. This suggests
that innovation-driven industrial agglomeration facilitates the adoption of green practices
in the manufacturing industry through green technology adoption, acting as a mediator
between innovation-driven industrial agglomeration and green economic growth.
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Table 4. Innovation-driven industrial agglomeration, green technology adoption, and green economic
growth.

Variables (1) (2) (3)

LnIndust LnNov LnIndust

Hlq 0.078 *** (0.015) 0.412 *** (0.061) 0.063 *** (0.016)
LnNov 0.038 ***

(0.017)
Sca −0.071 ** 0.130 * −0.067 ***

(0.025) (0.070) (0.035)
Urban −0.085 −0.928** − 0.042

(0.135) (0.422) (0.136)
Er 0.076 *** 0.095 0.071 ***

(0.027) (0.085) (0.026)
Gover 0.370 * − 7.495 *** 0.772 ***

(0.192) (0.606) (0.242)
Lngdp 0.002 1.547 *** −0.072 **

(0.008) (0.028) (0.028)
Trade 0.002 0.216 *** − 0.008

(0.012) (0.037) (0.012)
_cons — — —

— — —
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
N 431 431 431
R2 0.751 0.988 0.691
F 8.88 *** 141.42 *** 8.86 ***

Standard errors in parentheses; * significant at the 10% level, ** significant at the 5% level, and *** significant at the
1% level.

4.2. Regional Heterogeneity Analysis

Owing to variations in factor resources and labor conditions across different regions,
there exists regional diversity in the influence of innovation-driven industrial agglomer-
ation on green economic growth. To account for this, an additional regional regression
analysis is conducted. China is classified into three regions as per the National Bureau of
Statistics’ classification criteria: the eastern, central, and western regions. Table 5 provides
a breakdown of the regression results by region. The eastern region houses the most eco-
nomically advanced part of China, boasting major cities such as Beijing, Tianjin, Shanghai,
Nanjing, Guangzhou, and Shenzhen. Situated between the eastern coastal and western
inland areas, the central region, with provinces like Shanxi, Henan, Anhui, Hubei, Jiangxi,
and Hunan, functions as a bridge and has been historically marked by diverse industrial
development, currently occupying an intermediate industrialization stage.

In Table 5, the results presented in Models 4 to 6 correspond to developed regions,
Models 7 to 8 represent middle-developed regions, and Models 9 to 12 pertain to underde-
veloped regions. This categorization sheds light on the varying effects of innovation-driven
industrial agglomerations across different stages of economic development. The reason
behind this distinction could be attributed to the observation that the concentration of
innovation-driven industrial agglomerations has likely peaked in China’s economically
prosperous regions. Consequently, further advancements in the extent of innovation-driven
industrial agglomeration may not significantly impact the degree of green economic growth
in these areas. This finding contradicts initial expectations. Interestingly, regions classi-
fied as economically underdeveloped or in the middle stages of modernization exhibit
lower levels of industrial agglomeration driven by innovation. However, the influence
of such agglomeration on the growth of the green economy is more pronounced in these
regions. Specifically, the agglomeration coefficient for high-tech sectors in the middle stage
of industrialization is 0.513 (as indicated in Table 5, column 7). Conversely, in economi-
cally underdeveloped regions, the agglomeration coefficient is 0.244 (Table 5, column 10),



Sustainability 2023, 15, 13264 14 of 24

suggesting a slightly weaker promotion effect compared to the middle stage of industrial-
ization. This discrepancy can be attributed to the relatively limited high-tech development
in underdeveloped regions, which includes constraints related to the market system, in-
frastructure, and production equipment. Additionally, the absence of robust infrastructure
support and reduced net revenue from agglomeration contribute to the reduced extent of
high-tech industrial clustering in economically disadvantaged regions.
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The primarily inland western region is distinguished by complicated geology, a meager
transportation network, and economic underdevelopment. The examination of regional
heterogeneity in Table 5 indicates the direct impacts of industrial agglomerations generated
by innovation on the expansion of the green economy. It reveals that the agglomeration
coefficient of the innovation-driven industrial agglomeration has a large beneficial effect
throughout the middle stage of industrialization. However, the agglomeration coefficient
of the innovation-driven industrial agglomeration is not significant in developed areas,
suggesting that the concentration of innovation-driven industries substantially fosters the
environmentally conscious evolution of the manufacturing sector primarily within regions
at the intermediate stage of industrialization or those that are less developed.

The local heterogeneity study is revealed in Table 5, considering the indirect effects
of adopting green technologies on green economic growth and the modernization of the
industrial sector. A captivating discovery from the regression outcomes is the coefficient
associated with the indirect effect of green technology adoption and the agglomeration
coefficient of regional industrial agglomerations driven by regional innovation in the
middle stage of industrialization have the opposite sign. This suggests a different effect
from past industrialization levels. According to the test rules, the test results in Table 5
demonstrate the intermediary effect.
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Table 5. Region heterogeneity.

Variables Developed Regions (4–6) Middle-Industrialization
Regions (7–8) Underdeveloped Regions (9–12)

(4)
LnIndust

(5)
LnNov

(6)
LnIndust

(7)
LnIndust

(8)
LnNov

(9)
LnIndust

Model (10)
LnIndust

Model (11)
LnNov

Model (12)
LnIndust

Hlq −0.007 0.211 *** -0.029 0.513 *** 0.164 * 0.476 *** 0.244 *** 2.429 *** 0.166
(0.032) (0.054) (0.035) (0.127) (0.263) (0.125) (0.083) (0.274) (0.112)

LnNov 0.047 0.088 ** 0.042
(0.060) (0.046) (0.022)

Sca −0.150 *** 0.106 −0.164 *** 0.067 −0.708 *** 0.137 ** −0.110 0.186 −0.125
(0.042) (0.074) (0.062) (0.065) (0.112) (0.045) (0.081) (0.262) (0.081)

Urban 0.385 2.912 *** 0.245 1.320 *** −6.565 *** 1.791 *** −0.475 −8.425 *** −0.221
(0.312) (0.612) (0.341) (0.426) (0.861) (0.531) (0.560) (1.570) (0.525)

Er 0.255 *** 0.624 *** 0.231 *** 0.056 −0.512 *** 0.132 ** 0.024 0.461 * 0.021
(0.052) (0.121) (0.061) (0.025) (0.100) (0.042) (0.075) (0.250) (0.075)

Gover 0.521 −6.841 *** 0.742 −1.254 ** −1.556 −1.071 * 0.321 −4.465 *** 0.462
(0.525) (0.721) (0.660) (0.566) (1.237) (0.572) (0.322) (0.862) (0.363)

Lngdp 0.035 1.654 *** −0.062 −0.174 *** 2.221 *** −0.421 *** 0.032 1.543 *** −0.042
(0.061) (0.154) (0.120) (0.056) (0.123) (0.115) (0.075) (0.256) (0.125)

Trade −0.124 ** 0.353 *** −0.135 ** 0.064 * −0.036 0.051 * 0.022 0.172 *** 0.012
(0.062) (0.077) (0.064) (0.023) (0.053) (0.022) (0.035) (0.054) (0.041)

_cons −0.523 −3.351 *** −0.315 1.154 ** −3.543 *** 1.212 *** −0.062 −2.542 0.021
(0.877) (1.245) (0.653) (0.652) (1.175) (0.650) (0.572) (2.071) (0.580)

Personal
fixation Yes Yes Yes Yes Yes Yes Yes Yes Yes
Set Time Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 134 135 124 101 101 101 120 120 120
R2 0.261 0.816 0.265 0.227 0.686 0.262 0.124 0.830 0.121
F 5.31 *** 162.67 *** 4.76 *** 3.71 *** 45.35 *** 3.70 *** 1.75 *** 62.74 *** 1.61 ***

Parentheses contain standard errors; * denotes significance at the 10% level, ** signifies significance at the 5% level,
and *** indicates significance at the 1% level.

The adoption of green technologies acts as a bridge between industrial agglomer-
ations driven by innovation and the green economic expansion of the manufacturing
sector during the intermediate stage of industrialization. This suggests that the uptake
of green technologies is crucial in mediating the effects of innovation-driven industrial
agglomeration on the development of a green economy and the modernization of the
manufacturing sector at this particular stage. This result has several explanations. To begin
with, regions situated in the intermediate phase of industrialization tend to exhibit higher
levels of development, well-established infrastructure, and regional strengths, creating
an ideal environment for high-tech enterprises to flourish and expand quickly. Second,
the high-tech industry has great innovation skills that support the development of green
transformation and modernization of the manufacturing industry due to its capital- and
technology-intensive nature.

4.3. Industry Pollution Variability

To analyze the variety of industrial pollution, more study is required. Based on
changing pollution levels, this study divides manufacturing sector sample data into light
pollution and heavy pollution businesses. Differences in pollution levels among different
industries could influence how innovation-driven industry agglomeration impacts green
economic growth. Analyzing at the national level might mask industry-specific traits,
underscoring the significance of a more diverse examination of industrial pollution. Table 6
illustrates the direct consequences of innovation-driven industrial agglomeration on the
environmentally friendly transformation and enhancement of the manufacturing sector,
considering geographical variations. The findings show a statistically significant positive
coefficient for the concentration of industrial agglomerations caused by innovation in highly
polluting industries. This implies that a crucial element in promoting the environmentally
conscious evolution of the manufacturing sector is the clustering of innovative industries
in regions with high pollution levels.
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Table 6. Industrial pollution heterogeneity.

Variables Light Pollution Industries Heavy Emission Industries

(13)
LnIndust

(14)
LnNov

(15)
LnIndust

(16)
LnIndust

(17)
LnNov

(18)
LnIndust

Hlq 0.007
(0.017) 0.288 *** (0.061) 0.006 (0.017) 0.063 *** (0.030) 0.288 ***

(0.061) 0.062 ** (0.041)
LnNov 0.004 (0.010) 0.037 * (0.011)
Sca −0.022 (0.027) 0.161 ** (0.072) −0.044 (0.020) −0.053 ** (0.041) 0.161 ** (0.072) −0.068 ** (0.022)
Urban 0.275 (0.178) −1.466 *** (0.625) (0.181) 0.037 (0.204) 0.075 ** (0.625) 0.076 (0.204) 0.073 **
Er 0.037 (0.041) 0.078 (0.078) 0.048 (0.041) 0.075 ** (0.044) (0.078) −7.446 *** 0.006 (0.305)
Gover 0.051 (0.215) −7.341 *** (0.704) 0.068 (0.265) 0.372 (0.223) −7.445 *** (0.704) 0.602 ** (0.285)
Lngdp (0.285) (0.033) 1.650 *** (0.118) 0.042 (0.056) 0.030 (0.036) 1.550 *** (0.117) −0.044 (0.058)
Trade 0.002 (0.012) 0.216 *** (0.036) −0.001 (0.013) 0.005 (0.014) 0.214 *** (0.036) −0.001 (0.014)
_cons 0.324 (0.373) −1.767 * (1.078) 0.330 (0.376) −0.330 (0.312) −1.767 * (1.078) −0.169 (0.313)
Personal fixation Yes Yes Yes Yes Yes Yes
Set time Yes Yes Yes Yes Yes Yes
N 431 431 431 431 431 431
R2 0.011 0.707 0.020 0.064 0.707 0.076
F 0.46 *** 182.44 *** 0.41 *** 2.68 *** 191.44 *** 2.63 ***

Standard errors in (); * p < 0.1, ** p < 0.05, and *** p < 0.01.

The manufacturing sector, which is notorious for its high levels of investment, pollu-
tion, energy consumption, and inefficiency, is now embracing green transformation as a
crucial component of the country’s development plan. Dirty industries are in urgent need
of transformation, and the presence of innovative industry with its strong high-level green
technology adoption capability and spillover effects in talent, knowledge, and technology
contributes to this transformation. The manufacturing industry’s green transformation and
modernization are also explored in Table 6, along with the industrial pollution variability in
indirect consequences of innovative industry. In the regression findings, there is an inverse
relationship between the agglomeration coefficient of innovative industries and the product
of the indirect effect coefficient of technological innovation in heavily polluting sectors.
According to the intermediary effect test, green technology adoption serves as a mediator
between innovation-driven industrial agglomeration and dirty industries’ green transfor-
mation. This implies that green technology adoption partially mediates the influence of
innovation-driven industrial agglomeration on GEG through upgrading the manufacturing
industry in these sectors. Dirty industries face the urgent need to transition from inefficient
resource-based development to efficient growth driven by green technological progress.

This motivation increased R&D and investment in green innovation, thereby positively
influencing the manufacturing industry’s green transformation. Robustness tests were
performed, including the Winsorize method to handle outliers and non-randomness of the
explained variables, for results confirmation. Robustness tests provide additional evidence
supporting the validity of the study’s findings (see Table 7).

Table 7. Robustness test.

Variables Model (19)
LnIndust

Model (20)
LnNov

Model(21)
LnIndust

Hlq 0.077 *** 0.404 *** 0.064 ***
(0.015) (0.062) (0.016)

LnNov 0.042 **
(0.016)

Sca −0.064 ** 0.160 ** −0.071 **
(0.024) (0.072) (0.024)

Urban −0.151 −1.466 *** −0.086
(0.172) (0.625) (0.153)

Er 0.062 *** 0.068 0.079 **
(0.026) (0.077) (0.026)

Gover 0.375 ** −7.460 *** 0.646 ***
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Table 7. Cont.

Variables Model (19)
LnIndust

Model (20)
LnNov

Model(21)
LnIndust

(0.176) (0.504) (0.236)
Lngdp 0.025 1.646 *** −0.120

(0.036) (0.118) (0.046)
Trade 0.002 0.217 *** −0.006

(0.010) (0.033) (0.022)
_cons −0.238 −1.725 * −0.124

(0.320) (1.074) (0.322)
Personal Fixed effect Yes Yes Yes
Set time Yes Yes Yes
N 431 431 431
R2 1.112 0.707 1.111
F 5.29 *** 192.68 *** 5.54 ***

Standard Error in (); * p < 0.1, ** p < 0.05, and *** p < 0.01.

5. Discussions

In pursuit of sustainable development, reduced environmental impact, and optimized
economic gains, nations are increasingly prioritizing the adoption of green technology as a
means to conserve resources and energy [104]. The role of green technological innovation
is pivotal in enhancing the effective utilization and allocation of natural resources, the
integration of raw material efficiency, and energy consumption within the manufacturing
process, resulting in the creation of energy-efficient products [104]. Through optimizing
resource allocation, the development of eco-friendly products, and the enhancement of
raw material efficiency and energy utilization, green innovation contributes significantly to
the sustainable management of natural resources. The overarching objective is to enhance
energy utilization efficiency, transition toward knowledge-based natural resource manage-
ment, and improve the overall efficiency of resource utilization and output. This notion
finds support in prior research conducted by Nchofoung, Fotio [105] and Moslehpour,
Aldeehani [106] However, despite these assertions, empirical investigations into the tangi-
ble impact of green technology adoption on resource consumption efficiency remain scarce,
leaving the link between green technology adoption and efficient natural resource utiliza-
tion predominantly theoretical. Amidst China’s notable 6.7% GDP growth rate in 2016,
which marked substantial progress and consolidation, the country’s economy achieved a
prominent global ranking with a contribution of over 30% to global economic growth [107].
Nonetheless, China continues to exhibit heightened levels of natural resource consumption
compared to developed nations, and persistent pollution levels pose enduring challenges
to the nation’s long-term economic sustainability [108]. Consequently, this study delves
into Chinese data spanning 2001 to 2015 to scrutinize the efficiency of natural resource
utilization during the nation’s rapid economic expansion. The study strives to reconcile
energy conservation and emission reduction objectives with the overarching goals of the
“2016 Paris Agreement,” thereby advancing the cause of sustainable development.

The global economy is experiencing rapid growth in low-carbon practices, as sup-
ported by studies conducted by Xing, Huang [109], Li, Wang [110], Yang, Hao [111], and
Bonsu [112]. But, China’s current use of natural resources is characterized by low overall uti-
lization, an inefficient style of use, and outmoded usage practices. Investments in resources
and energy are unduly dependent on economic growth, which results in enormous waste
and pollution. It is frequently forgotten how resource exploitation, excessive development,
and environmental degradation are connected.

Additionally, insufficient comprehensive policy analysis and limited exchange of
information hinder the efficacy of natural resource management and decision making, espe-
cially within inter-departmental contexts. Therefore, there is a need for more research and
quantitative analysis to address these concerns and improve natural resource consumption
efficiency. Global green growth is faced with both opportunities and problems as a new
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phase of industrial and technological transition emerges. The adoption of science and
technology is essential for improving the effectiveness of natural resource use. Research
and development efforts, both domestically and internationally, are concentrating on the
adoption of green technologies, which address the objectives of economic low-carbon
development and environmental protection. Numerous scholars, including Chen, Bai [113],
Du, Feng [114], Li, Xu [115] and Shi, Wei [116] have looked into the connection between
company innovation in green energy technologies and industrial agglomeration. Due to
geographical effects and knowledge spillovers, their findings imply that such an agglomer-
ation not only fosters innovation within the local area but also has a favorable influence on
nearby regions.

6. Conclusions

The Chinese government has made concerted efforts to enhance green industrial ag-
glomeration as part of its broader goal to promote environmentally sustainable economic
growth. These endeavors encompass a range of approaches, including policy imple-
mentation, regulatory frameworks, and strategic planning. Initiatives such as the State
Environmental Protection Administration, the Cleaner Production Promotion Act, and the
National Development and Reform Commission exemplify China’s commitment to creating
an ecosystem conducive to green industrial agglomerations. These efforts also acknowledge
the critical impact of industrial agglomeration on green economic growth. By fostering
innovation-driven industrial clusters that prioritize resource efficiency and environmental
preservation, the government aims to bolster economic advancement while minimizing
negative ecological consequences. This approach not only enhances industrial compet-
itiveness but also contributes to the overall goal of achieving sustainable and balanced
economic growth. Furthermore, collaborations between the public and private sectors play
a crucial role in driving the impact of industrial agglomeration on green economic growth.
These collaborations, which align economic incentives with sustainability objectives, create
a framework where industries thrive within the boundaries of environmental responsibility.
By striking this equilibrium, China aims to cultivate an environment where industrial
agglomeration acts as a catalyst for both economic prosperity and ecological well-being,
paving the way for a more harmonious and sustainable future.

6.1. Theoretical Implications

Conducting an empirical analysis with panel data encompassing 30 Chinese provinces
and cities spanning the years 2008 to 2020, the study aimed to ascertain the impact of
innovation-driven industrial agglomeration on the enhancement of green economic growth
through the transformation of the manufacturing sector. With a particular emphasis on the
adoption of green technologies, the study’s main objective was to investigate the precise
transmission mechanism between innovation-driven industrial agglomeration and green
economic growth.

The empirical data present several important conclusions. First, innovation-driven
industrial agglomeration contributes to the development of China’s manufacturing sector
and green economic growth. However, the impact is found to be heterogeneous across
regions and industries. In particular, in regions that are in the middle of industrializa-
tion or that are economically underdeveloped, innovation-driven industry agglomeration
significantly promotes green economic growth through the transformation of the manu-
facturing industry, while it has no effect in economically developed regions. Similar to
this, the innovation-driven industrial agglomeration makes a significant contribution to the
green economic expansion of substantially polluting businesses but has little impact on the
growth of slightly polluting companies.

Secondly, the study identifies green technology adoption as an important intermedi-
ary factor in the relationship between the agglomeration of innovation-driven industrial
agglomeration and the promotion of green economic growth via the advancement of the
manufacturing industry. GTA as an intermediary is found to vary across regions and indus-



Sustainability 2023, 15, 13264 19 of 24

tries, indicating regional and industry heterogeneity. For instance, in less developed areas,
green technology adoption plays a significant mediating role between innovation-driven
industrial agglomeration and green economic growth, while this mediating effect is not
observed in developed areas. Similarly, in heavy pollution industries, green technology
adoption serves as a substantial mediator between innovation-driven industrial agglomera-
tion and green economic growth, while it is not as influential in light pollution industries.
These findings are consistent with previous studies conducted by Chen, Huang [117], Guo,
Tong [18], Li, Chen [118], and Zeng, Li [119], highlighting the complex interplay between
innovation-driven industrial agglomeration, green technology adoption, and the green
economic growth through the upgrading of China’s manufacturing industry.

6.2. Policy Implications

This study offers evidence for the inherent motivation of innovation-driven industrial
agglomeration in fostering green economic growth by modernizing the manufacturing
industry. The following recommendations for public policy are made in light of the research
findings: First and foremost, it is crucial to strengthen support for innovation-driven
industries and promote the concentration of enterprises that are driven by innovation
by creating industrial parks. According to research, the clustering of enterprises focused
on innovation can greatly speed up the green transformation and modernization of the
industry. Innovation-driven enterprises, however, are under extreme pressure to survive in
the current economic depression brought on by the epidemic and have restricted access to
finance. Therefore, financial laws should be put into place, funding guarantees should be
made available, and high-tech industries should pay as little in taxes and levies as possible.
Second, a tailored strategy should be used to develop plans for encouraging innovation-
driven industrial agglomerations that support green economic growth by upgrading the
manufacturing sector. This approach should combine regional resource advantages with
variations in industry pollution levels.

Additionally, legislative assistance for the modernization and upgrade of highly pol-
luting businesses, as well as the growth of innovation-driven agglomerations, needs to
be increased. The third goal is to educate industrial businesses working in economically
underprivileged areas and polluting industries about the implementation of green tech-
nologies. Manufacturing enterprises need to transition from an ineffective growth model
relying on resource inputs to an efficient growth strategy propelled by advancements in
green technology and innovation. This shift is essential to facilitate the transformation of
the manufacturing sector from a conventional high-pollution production approach to an
environmentally friendly production mode. Therefore, both innovation-driven and manu-
facturing firms must adopt an innovative mindset and pursue green transformation while
adopting green technologies for the ongoing transformation of the industrial structure.
These recommendations align with previous studies conducted by Vrontis, Tardivo [120],
Vrontis, Tardivo [120], Liu, Gao [121], and Aritenang [122], which emphasize the impor-
tance of policy measures to support innovation-driven industries, regional development
strategies, and the adoption of green technology in driving the green transformation of the
manufacturing industry.

6.3. Prospects for Future Research

Multiple methods exist for evaluating the adoption of green technology, each carrying
its own strengths and weaknesses. This study focuses on evaluating green technology
adoption (GTA), but there is room to incorporate macro aspects related to procedural and
sustainable solutions for the economic growth of China. These macro factors include the
effects of policy and regulations, research and development (R&D) budget allocations
for sustainable innovation, and support for innovation-driven startups. Future research
could explore these specific macro dimensions mentioned in the last line. However, due to
limitations in the data source, which is restricted to provincial statistical yearbooks, further
refinement of the data and additional analysis are not feasible.
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Therefore, rather than focusing on differences across cities, this research uses a com-
parative analysis based on regional variances. There are still several topics that demand
more study. For example, this study solely examines electricity usage as an energy input to
evaluate the efficacy of green development, omitting coal consumption due to limitations in
data availability. In addition, investigating the effects of industrial agglomeration on green
development from the standpoint of spatial correlation among cities may offer insightful
information for cities hoping to make the transition to a green economy in the future.
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