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Abstract: To meet the dual-carbon objective, China's economy needs to move from a carbon-

intensive to a green economy. Green technology innovation and renewable energy development are 

key to promoting green economic growth. The study uses 2010–2022 provincial panel data from 30 

Chinese provinces. The super-efficient SBM model measures the province's green economic growth 

index. A panel fixed-effects model is used to experimentally evaluate how green technology 

innovation and renewable energy development affect green economic growth. Green financing 

moderates and a panel threshold model tests the threshold effect of renewable energy development 

on green economic growth. The results demonstrate that (1) China's green economic growth is rising 

and has a "U" shape. (2) all selected variables significantly impact green economic growth. However, 

population density, government intervention, and industrial structure are inversely associated with 

GEG. Green economic growth is significantly boosted by the moderate role of green finance in the 

development of renewable energy and green technological innovation. (3) Renewable energy 

development has a single threshold non-linear effect on green economic growth, depending on its 

development level and green technological innovation. Considering China's current condition and 

research findings, this study examines the green energy transition to promote green economic 

growth and high-quality economic development. Meanwhile, puts forward some important policy 

recommendations. 

Keywords: green economic growth: renewable energy development; green technological 

innovation; green finance 

 

1. Introduction 

Since 1950, the global economy has grown rapidly to meet humanity's urgent material needs. 

However, this has also resulted in countries paying a heavy price regarding resources and the 

environment (Lin & Zhou, 2022). According to findings by the Intergovernmental Panel on Climate 

Change (IPCC), anthropogenic activities, specifically, the excessive burning of fossil fuels is a major 

source of greenhouse gas emissions, including methane, carbon dioxide, and nitrous oxide. These 

emissions are principal contributors to climate change, posing significant global sustainable 

development challenges (Dong et al., 2022; Energy, 2015). Considering the severe ecological context, 

green development is important (Ali et al., 2021). Recently, there has been a rapid and widespread 
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focus on green economic growth as a global pursuit (Mensah et al., 2019). Green economic growth 

involves intentionally prioritizing adopting environmentally friendly practices in production and 

consumption (Luukkanen et al., 2019), primarily achieved through the introduction and widespread 

adoption of innovative green technologies and the advancement of renewable energy sources.  

Technological innovation can curtail natural resource utilization, alleviate ecological harm, and 

augment resource allocation efficiency by introducing novel products, processes, services, and 

market-based solutions (Huang et al., 2022). Technological innovation and greening are important 

for promoting low-carbon economic transformation (Qi & Qi, 2020). In order to achieve a low-carbon 

transition, China is now accelerating its energy transition (Qi et al., 2022). Given its zero carbon 

emissions, in China, renewable energy is recognized as the energy of the future (Sadorsky, 2014). 

Additionally, as climate change intensifies, coupled with fluctuations in energy prices and 

supportive government policies for renewable energy, there's an increasing emphasis on utilizing 

green energy by increasing the use of renewable energy (C. Chen et al., 2020). According to the special 

report of the Intergovernmental Panel on Climate Change (IPCC), we can reduce greenhouse gas 

emissions and lessen the negative effects of climate change but also promotes socio-economic 

development, provides access to energy, enhances energy security, and reduces environmental and 

health impacts (Inglesi-Lotz & Dogan, 2018; Nicolli & Vona, 2019). Developing renewable energy is 

the most promising method to gradually replace fossil energy (Energy, 2015). The creation and 

application of renewable energy is an essential strategy for mitigating the consumption of fossil fuels, 

minimizing pollution levels in the environment, halting global warming, resolving energy-related 

issues, and promoting sustainable development (Gullberg et al., 2014; C. W. Lee & Zhong, 2014). 

However, environmental quality may be impacted by the production and use of renewable energy 

being restricted by inadequate power transmission systems and a lack of technological innovation 

(Heal, 2010). Thus, it is critical to acknowledge the critical role that technological innovation 

capabilities play in filling the gap between the development of renewable energy and the expansion 

of the green economy (Su & Fan, 2022). Technological innovation can improve renewable energy's 

technological capabilities, advancing renewable energy development (Lin & Zhu, 2019). 

Technological innovation, which provides the technical foundation for renewable energy (Khan, Su, 

Umar, et al., 2022), can effectively boost the capacity of renewable energy sources to satisfy energy 

demand and transform the energy structure (W. Chen & Lei, 2018), which has a more direct impact 

on environmental and energy conditions and, in turn, influences China's level of green development 

(Su & Fan, 2022). Investing in renewable energy technologies contributes to mitigating adverse 

climate impacts and promoting a low-carbon green economy (D. Zhang et al., 2022). However, green 

technology innovation requires a lot of money, and owing to its high-risk, long-term nature and 

restricted funding costs, traditional finance is reluctant to fund technology innovation (Wei et al., 

2015). Additionally, some nations do not have a high level of development in renewable energy, 

mostly because of a lack of funding (Z. Li et al., 2022). It can be seen that financing is one of the main 

challenges in driving the transition to a green economy (L. He et al., 2019). China focuses on the 

impact of green finance on economic transformation, the expansion of the green economy, and 

recovery from COVID-19, in order to address the financial challenge of developing a green economy 

(Huang et al., 2022), devoting major efforts to develop green finance, supporting green technology 

innovation, green projects (C.-H. Yu et al., 2021), accelerating green and low-carbon development 

(Xinhua News Agency, 2021). In the context of China's current emphasis on energy conservation and 

emission reduction and the pursuit of sustainable economic development, it is of great significance 

to examine the impact of green technological innovation and renewable energy development on 

green economic growth. To create a panel data model, this study uses annual data for 30 provinces 

from 2010 to 2022. Empirical analysis of the effects of renewable energy production and green 

technical innovation on green economic growth is the goal. The moderating influence of green finance 

is also examined in this study. In order to verify the threshold effect and nonlinear influence of 

renewable energy development on green economic development, we also create a panel threshold 

model. Finally, we provide specific corrective activities to promote the development of green 

economic growth. 
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Renewable energy development is currently a prominent topic, and technological innovation is 

crucial for supporting in the shift to a green economy. Additionally, green finance is fundamental to 

stimulating the expansion of the green economy. Currently, a substantial quantity of academic 

research investigates the relationship between green financing and the growth of the green economy, 

as well as a number of technical advancements and the development of renewable energy sources. 

However, there is a dearth of research that unifies these four elements within a single framework. To 

fill this gap, this study thoroughly examines how technological innovation and the advancement of 

renewable energy contribute to the expansion of the green economy. This study involves the 

construction of a panel regression model, a threshold model, a moderate model for benchmark 

analysis, and a mechanism test. Compared to the existing literature, this study presents potential 

novel contributions in the following areas: First, this study thoroughly examines, at both theoretical 

and empirical levels, how the advancement of renewable energy sources and technology innovation 

affects the growth of the green economy. Additionally, benchmark analyses offer empirical evidence 

supporting technological innovation's role in promoting green transformation. Second, with the 

rapid advancement of renewable energy, it is crucial to investigate How technological advancements 

affect the way that renewable energy consumption and green economic growth interact through 

threshold effects. This analysis will provide both a theoretical framework and empirical evidence to 

support the expansion of renewable energy and its role in green economic growth. Third, green 

finance acts as a bridge between finance, environmental improvement, and economic growth, serving 

as a pivotal factor in promoting low-carbon, green growth. However, there is still a shortage of 

academic studies on the mechanism by which green finance influences green economic growth from 

a technological innovation perspective. This paper utilizes empirical analysis to examine green 

finance's moderating effect and analyzes the interrelationships among technological innovation, the 

advancement of renewable energy, and the rise of the green GDP. Findings from theoretical and 

empirical studies provide policymakers with important references and a solid foundation for 

effectively promoting green economic growth and sustainable development. 

The structure of this paper is as follows: Section 2 provides an in-depth review of the pertinent 

literature, along with an exploration of the theoretical foundations. Section 3 delineates the data and 

methodology, including model configuration, indicator measurement, and data sources. Section 4 

provides the empirical findings and conducts a thorough analysis of the data. The concluding section 

summarizes the study's outcomes and outlines the implications for related policy measures. 

2. Literature Review and Theoretical Framework 

2.1. Literature Review 

Interest in "green growth" has grown dramatically in recent years because the global quest for 

economic prosperity has sometimes resulted in environmental damage. Environmental quality is 

improved by green economic growth, which also helps to lessen the negative consequences of 

environmental deterioration (Anser et al., 2020; Chien et al., 2021; Rao et al., 2022). Recently, many 

academics have studied the Green Economic Growth Influence Mechanism, primarily concentrating 

on the following areas: 

Previous researchers have measured and explored the meaning of green economic growth, 

generating specific findings. Green economic growth applies sustainable development ideas to real-

world conditions, as defined by the World Commission on Environment and Development in its 

study "Our Common Future” and is defined as the fulfillment of current human development needs 

without sacrificing meeting the requirements of future generations for growth. However, the concept 

of green economic growth lacks a universally agreed-upon definition. Upon reviewing the literature 

on green growth in the economy, researchers have gradually come to the following conclusions: 

Sustainability, resource efficiency, environmental friendliness, innovation, and benefits to society of 

a green economy. It was emphasized that a green economy’s development was essential for balancing 

environment preservation and economic growth. Prior research has concentrated on examining the 

meaning (Ekins, 2002), measurement (S. E. Kim et al., 2014), relationship with resource environment 

(Robaina & Madaleno, 2019), motivation and paths to preserve the environment and conserve 
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resources (Gu et al., 2016; Villa, 1990), and factors that are driving the expansion of green economies 

(Kennet & Heinemann, 2006). Scholars investigate the green economic growth measurement research 

using various DEA methods (Charnes et al., 1978) and measurement indicators since it is impossible 

to observe green economic growth directly, researchers quantify it using econometric techniques and 

mathematical programming. Studies at different regional levels use the CRS-DEA model(Shi & Shen, 

2008), SBM-DEA models(Song et al., 2020), etc. The assessment and evaluation of the state of the 

environment and the economic growth in various regions, and also used the DEA methodology to 

study the factors affecting green economic growth(Y. Li & Pan, 2016; X. Luo & Jin, 2017; Ruan et al., 

2020).  

 Researchers have investigated the connection between technological innovation and the 

advancement of renewable energy sources the connection between the development of renewable 

energy sources and technical innovation in great detail and the expansion of the green economy. As 

per the neoclassical economic growth theory, innovation is the primary catalyst for economic growth 

and significantly influences the economy's long-term growth path (Solow, 1956), this theory receives 

empirical support from a multitude of studies(Pece et al., 2015). As the idea of "green economic 

growth" continues to gain traction, academics are starting to investigate how technological 

innovation affects this growth, realizing that it can have a substantial positive influence. 

Technological innovation can help long-term sustainable economic growth by reducing carbon 

dioxide emissions(Goulder & Schneider, 1999; Jin, 2012; Popp et al., 2011), as a key factor in increasing 

green economic growth (X. Li, 2019). In the area of renewable energy, the energy's performance and 

efficiency can be enhanced through the introduction of more efficient and advanced technologies, 

which will help the green economy grow overall. Khan et al. (2022) Show how the adoption and use 

of renewable energy resources are impacted by the development of novel technology. Through 

innovation in renewable energy technology, the country can generate renewable energy at a lower 

cost, satisfy the increasing energy requirements, and progressively diminish its reliance on 

conventional fossil fuels (W. Chen & Lei, 2018). lessen the effects of climate change(Irandoust, 2016), 

realizing a society with reduced carbon emissions (Bayer et al., 2013). Therefore, technological 

innovation can lead to a wider application of renewable energy and take the lead in supporting the 

green economy's growth (Xie et al., 2018). 

The widespread and cost-effective deployment of renewable energy largely hinges on the 

continuous innovation and advancement of renewable energy technologies. However, due to green 

innovation being a long-term, high-risk project, it faced financial constraints. According to the United 

Nations Environment Program (UNEP), one of the main challenges to advancing the transition of the 

green economy is funding. founded on a study of the empirical data, According to Cowan (1999), 

green finance investments are closely linked to environmental quality. To address the lack of capital 

injection, the financial sector needs to provide financial inputs (Egli et al., 2018). Thus, overcoming 

financial barriers to advance the green economy will be crucial soon. As a fresh approach to finance, 

one essential and innovative approach to solving this problem is to use green financing instruments 

(Bhatnagar & Sharma, 2022). With the help of the green financing instrument, more money will be 

invested in the development of different green projects, which will bring about exogenous green 

economic expansion. Green finance, through encouraging green projects, can strengthen green 

growth drivers in developing nations (H. Zhang et al., 2022). Green projects can reduce air pollution-

related deaths, raise welfare levels, create jobs, and establish an economy based on green technologies 

(Xu et al., 2023). For example, developing sustainable energy sources creates more favorable 

conditions for economic development and presents opportunities for sustainable economic 

development and green growth. Countries can advance green innovation, which can aid in 

addressing environmental issues and advancing sustainable development, by supporting and 

promoting green finance (Huang et al., 2022). Zhou et al. (2022) demonstrated that facilitating 

financial and technological innovation via the intermediating function of green finance significantly 

contributes to advancing the green economy. Jiakui et al. (2023) boosted the development of green 

technology and created green financial tools for green total factor productivity and green economic 

growth. Green finance recognizes renewable energy as a key way to drive an innovative transition 
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and address the climate crisis (Z. Liu et al., 2021; K. Q. Zhang et al., 2022). Some studies on the nexus 

of green finance and other variables, upgrading of energy structure (Ji & Zhang, 2019), resource 

efficiency (Xu et al., 2023), industrial structure (J. He et al., 2023), carbon emission (Meo & Abd Karim, 

2022), and green total factors productivity (C.-C. Lee & Lee, 2022). However, in the majority of current 

studies, green finance has not been taken into consideration as a moderating variable between green 

technical innovation and renewable energy development's impact on green growth. 

Certain advancements have been made in domestic academia's theoretical and empirical 

research on green economic growth. According to previous research reviewed, we can realize that, 

first, previous studies have focused on renewable energy development (W. Fang et al., 2022), 

environment regulation (X. Zhao et al., 2022a), technology innovation (J. Zhao et al., 2022), and green 

finance (Xu et al., 2023) as the influencing factors of green economic growth, but have not found that 

incorporate technological innovation, renewable energy development, green finance and green 

economic growth into a harmonized framework, this research bridges this gap. Second, renewable 

energy development requires high-tech support (Sawhney & Kahn, 2012), but existing technological 

conditions may hinder renewable energy progress and affect the expansion of the green economy. 

So, the relationship between them is not simply linear, so as green technology innovations change, 

the relationship between the development of renewable energy and the expansion of the 

environmentally friendly economy can reach a turning point. However, existing research rarely 

examines green technology innovation have the “threshold effect” of renewable energy development 

on green economic growth. Third, in addition to green financing, which has emerged as the key 

driver behind the promotion of green development, green technology innovation is the fundamental 

means of attaining green development (Chemmanur & Fulghieri, 2014). However, few studies have 

examined the influence of green technology innovation and renewable energy development on green 

economic growth, as well as the moderating role of green finance on these developments, are all 

examined in this unified framework. Considering the aforementioned shortcomings, the Super-

efficient SBM model is used in this study to evaluate the rate of growth of the green economy in thirty 

distinct Chinese areas. The impact of green technological innovation, renewable energy development, 

and green finance on the expansion of the green economy is then examined. Additionally, it 

investigates the underlying mechanisms behind these impacts. which can theoretically address the 

gaps in current research and offer theoretical guidance for the implementation of regional green 

economic transformation. 

2.2. Theoretical Framework 

The framework of sustainable development is used to define the concept of "green growth," 

emphasizing the need to prevent ecological degradation in the pursuit of economic development. 

Achieving green economic expansion requires achieving green and low-emission economic 

development, in which the economic growth model and the energy structure must change to low-

carbon, green models. Renewable energy is widely acknowledged to play a vital function in reducing 

worldwide climate shifts and guaranteeing energy security. Consequently, achieving green economic 

growth requires the increase of renewable energy sources. Economic theories and schools of thinking 

about a country's economic development and growth have a lengthy history. The neoclassical 

economic growth model was created by Solow R (1957) in the 1960s, which emphasized the economic 

growth rate is related to technology, labor, and capital. Following this growth theory, technology's 

impact on the country is crucial among these factors. Thus, a nation can attain favorable economic 

growth if it can implement laws and other measures to promote technological development.  

The goal of low-carbon economic expansion is known as“green economic growth” that 

concurrently safeguards the environment and fosters sustainable development. To accomplish this 

objective, it is imperative to introduce green technologies and implement green projects, which 

require significant financial investments. Green financing tools can meet the funding needs for these 

technologies(Lin & Bai, 2023) and green projects(Abakah et al., 2023). As per Porter's theory, green 

finance, by providing financial support, has an "innovation compensation effect" on green 

technological innovation, which ultimately improves the green economy’s effectiveness. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 May 2024                   doi:10.20944/preprints202405.1304.v1

https://doi.org/10.20944/preprints202405.1304.v1


 6 

 

Consequently, from the standpoint of the neoclassical growth theory, green finance can be viewed as 

a key mechanism to promote environmentally friendly technological innovations and practices for 

sustainable economic growth. Fabozzi et al. (2022) have presented a unique economic theory of 

"green growth," in which the advancement of renewable energy is one of the key tenets (X. Zhao et 

al., 2022b). The biggest developing country, China, is placing more focus on renewable energy (see 

Figure 1) and developing a green economy, increasing its market for renewable energy, deploying 

more renewable energy systems, and providing clean energy for economic development to support 

environmental preservation and future economic growth. 

 

Figure 1. Renewable energy consumption (% of total final energy consumption). 

3. Data and Methodology 

3.1. Variable Selection and Measurement 

3.1.1. Dependent Variable 

The explained variable is the green economic growth index (GEG). "Green economic growth" is 

defined by the OECD as advancing economic development while guaranteeing the continuous 

provision of environmental services and a range of resources for human well-being by natural assets. 

The extant scholarly discourse on methodologies for quantifying green economic growth and its 

associated metrics is generally divided into two main groups: measurements of single factors and 

measurements of total factors. (K. Li & Lin, 2017). Single-factor indicators simply summarize the 

correlation between particular factor inputs and economic outputs, usually ignoring the complex 

dynamics of factor substitution. Given that singular factors typically lack independent capacity to 

drive economic growth, their reliability has been subject to scrutiny to a certain degree (Shahbaz et 

al., 2020). Compared to single-factor productivity measures that only account for one input, total-

factor productivity measurement captures various aspects of production, such as labor and capital, 

and more accurately captures the core of economic growth. Within the context of the neoclassical 

theory of economic growth, t the approach to total factor productivity that accounts for capital, labor, 

and other production inputs has seen great advances and widespread adoption (Jerzmanowski, 

2007). Data Envelopment Analysis (DEA) modeling (Charnes et al., 1978; Banker et al., 1984) is a non-

parametric efficiency evaluation tool that can effectively assess economic growth performance. 

However, in addition to the inputs of environmental and energy considerations, green economic 

growth takes into account the coexistence of desired and undesired outputs that ineluctably arise 

simultaneously in the manufacturing process (Song & Wang, 2016). Therefore, Tone (2001) proposes 

a non-angular, non-radial SBM model that considers input-output slack and incorporates undesirable 

outputs into efficiency measurement. In the undesired output SBM model, there are decision-making 
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units simultaneously is 1, it is not conducive to the further mutual understanding of decision-making 

units. It is not possible to quantify the decision-making process unit more accurately by comparing 

the calculation results are sorted. To this end, Tone (2002) and Cooper et al. (2007) propose an SBM 

super-efficiency model that includes undesirable outputs to solve this problem. Super-efficiency 

model SBM was chosen to calculate the performance indicators of green economic growth because 

the model better reflects the characteristics of green economic expansion. The basic principle of the 

SBM super-efficiency model is shown in equation (1). 

𝜃∗ = 𝑚𝑖𝑛
1 +

1
𝑚
∑⬚
𝑚

𝑖=1

𝑠𝑖
−

𝑥𝑖0

1−
1

𝑞 + ℎ
(∑⬚

𝑞

𝑟=1

𝑠𝑟
+

𝑦𝑟0
+∑⬚

ℎ

𝑘=1

𝑠𝑘
−

𝑏𝑘0
)

 

  𝑠. 𝑡.

{
 
 
 
 
 

 
 
 
 
 𝑠𝑖0 ≥ ∑⬚

𝑛

𝑗=1,𝑗≠0

𝜆𝑗𝑥𝑖𝑗 − 𝑠𝑖
− 

𝑦𝑟0 ≤ ∑⬚

𝑛

𝑗=1,𝑗≠0

𝜆𝑗𝑦𝑟𝑗 + 𝑠𝑟
+

𝑏𝑘0 ≥ ∑⬚

𝑛

𝑗=1,𝑗≠0

𝜆𝑗𝑏𝑘𝑗 − 𝑠𝑘
−

𝜆𝑗 ≥ 0(∀𝑗), 𝑠𝑖
−  ≥ 0(∀𝑖), 𝑠𝑟

+ ≥ 0(∀𝑟), 𝑠𝑘
0 ≥ 0(∀𝑘); 𝑖 = 1,2, …𝑚;

𝑟 = 1,2, … 𝑞; 𝑘 = 1,2, … ℎ
⬚

 

Here, 𝜃∗  represents green economic growth performance, which assessed growth in the green 

economy, expressed as GEG; 𝑠𝑖
−, 𝑠𝑟

+, 𝑎𝑛𝑑 𝑠𝑘
− are slack variables for the input, desired output, and 

undesired output, respectively; 𝑚, 𝑠1, 𝑎𝑛𝑑 𝑠2 number of indicators for the input, desired output, and 

undesired output. 𝜆 is the weight vector; when the 𝜃∗ value the higher, the green economic growth 

is better. Refer to Shang (2023), measuring Green Economy Growth Performance (GEGP) Using an 

Ultra-Efficient SBM Model. The indicators of inputs are labor, capital, land, and energy; those of 

outputs are intended output, and use the actual regional GDP as the actual regional GDP. Regarding 

undesired output, from the existing studies, it can be found that there are two main types of variables 

used as non-expected proxies: one using carbon dioxide and the other using industrial pollution triple 

emissions. Drawing on Tan et al. (2023), the study used three different indicators, specifically, the 

emissions of industrial wastewater, industrial flue gas, and industrial solid waste to assess undesired 

outputs. Table 1 displays the chosen metrics for measuring green economic growth. 

Table 1. Green economic growth input-output indicator system. 

Indicators Category Specific 

indicators 

Indicator 

Measurement 

Reference Unit 

inputs 

Factor inputs Labor Number of 

employees in each 

province at the end 

of the year 

Tan et al. 

(2023) 

10,000 

people 

Capital Physical capital 

stock per province 

(perpetual 

inventory method) 

Ma & Dong 

(2020) 

100 

million 

yuan 
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Land Land area per 

provincial 

administrative area 

X. Zhao et al. 

(2022a) 

km² 

Energy Energy 

consumption per 

province (mainly 

refers to coke, coal, 

and natural gas) 

Tan et al. 

(2023) 

10,000 

tons of 

standard 

coal 

outputs 

Desired 

outputs 

(Economic 

benefit) 

Economic 

Development 

Level 

GDP total Shang (2023) 100 

million 

yuan 

Undesired 

output 

(Environmental 

impact) 

Environmental 

Pollution Level 

Industrial waste 

gas emissions 

Xiao et al. 

(2022) 

100 

million 

cu.m 

 Industrial 

wastewater 

emissions 

 104 tons 

 Industrial general 

solid waste 

emissions 

 104 tons 

3.1.2. Independent Variables 

Some people think it is possible to reduce environmental pollution in heavily polluted provinces 

or regions while supporting the rapid green economies' growth by promoting the combination of 

innovation in green technologies and the advancement of renewable energy utilization. Substantial 

financial investment is crucial to drive advancements in renewable energy and innovative green 

technologies. As an emerging form of financial system, green finance can finance the provision of 

both cleaner energy projects and technical advancements, thus attracting the attention of more and 

more scholars. Numerous investigations have revealed a connection between innovative green 

technologies, renewable energy sources, and green funding (Huang et al., 2022; Khan et al., 2022; C.-

C. Lee, Wang, et al., 2023). Therefore, concerning the measurement of indicators related to green 

funding, development of renewable energy, and innovation in green technology, different scholars 

assess them from various perspectives according to their research needs. In the last few years, many 

scholars have used the number of green invention patents to measure green innovation (C.-H. Yu et 

al., 2021). Green invention patents more accurately capture the significance and benefits of 

innovation-related activities(K. Du et al., 2021). Green finance's primary meaning is to follow market 

economy rules and focus on constructing an ecological civilization through the utilization of funds, 

securities, insurance, and other diversified financial tools. In addition, green economic growth is a 

win-win situation in which economic development is accompanied by a reduction in negative 

environmental impacts by promoting the use of clean energy and the reduction of carbon emissions 

(An, 2008). Regarding the measurement of green finance, research by R. Liu et al. (2019) is cited in 

this study, the four main green financial activities are green credit, investments, securities, and 

insurance (Table 2 shows the indicators system) to create an extensive green finance index. 

Furthermore, given the complex connection between the advancement of green finance and 

governmental support, this study adds environmental protection expenditures to the indicator 
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system designed to give a more accurate estimate of the pace of the increase in green finance. 

Referring to Lee et al. (2022) use the entropy approach for assessing green financing to weigh the sub-

indicators and obtain the overall indicator green finance development comprehensive evaluation 

index to evaluate green finance. Regarding renewable energy development, most scholars measured 

using renewable energy power generation (Dong et al., 2022; C.-C. Lee, Zhang, et al., 2023; Zheng et 

al., 2021; Zhu et al., 2022). Additionally, renewable energy use in each province uses the share of 

primary electricity excluding nuclear power. 

Table 2. Green finance development level indicator evaluation system. 

Overall 

indicator 

sub-indicator Indicators measurement Reference 

Green Finance 

Development 

Index 

Green credit The ratio of interest expenditure within the 

total industry for six high energy-consuming 

sectors 

B. Yu & 

Fan 

(2022) 

Green securities The ratio of the market value of the six energy-

intensive industries to the overall market value 

of A-shares 

Wan et 

al. (2023) 

Green Insurance The ratio of agricultural insurance income to 

the gross agricultural output value 

Lee et al. 

(2023) 

Green investment The investment-to-gross Domestic Product 

(GDP) ratio for environmental pollution 

prevention. 

Tan et al. 

(2023) 

Environmental 

support 

The ratio of government spending on 

environmental protection to total government 

spending 

Zhan et 

al. (2023) 

3.1.3. Control Variables 

Apart from the primary explanatory factors previously discussed, which are anticipated to 

influence green economic growth, there might exist additional variables that are pertinent to green 

economic growth, thus, require control. In this study, six control variables were established based on 

the existing literature. 

Level of economic development (PGDP). The Environmental Kuznets Curve (EKC) postulates a 

relationship between environmental deterioration and economic growth that follows an inverted U-

shaped pattern. Specifically, as economic growth rates increase, environmental pollution initially 

rises, but after reaching a certain economic threshold, human societies tend to prioritize 

environmental quality, thereby promoting a decoupling phenomenon between carbon emissions 

intensity and economic development levels (Y. Luo et al., 2017), which will be beneficial to the GEG. 

Per capita gross regional product (PGDP), a stand-in for degrees of economic development, is 

employed in many current studies (J. Du et al., 2023; Tan et al., 2023; Wan & Sheng, 2022; Xie et al., 

2020). The GDP per capita (PGDP) shows the various stages of economic growth. Because PGDP has 

a wide range of values, this study logarithmically processes PGDP to avoid heteroscedasticity. 

The population density (PD). A dense population and economic development have a complex 

relationship. One way that higher population densities can support economic growth is by making 

the labor force a more important factor (Liddle, 2014). Conversely, increased population density will 

lead to higher emissions of pollutants and energy usage (Ohlan, 2015), which causes the "crowding 

effect" on the surrounding natural environment. Utilizing the approach employed by He et al. (2019), 

the population density (PD) is expressed as people per kilometer of land area. 
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Government intervention (GOV). the governmental intervention can compensate for the 

limitations of market forces by implementing suitable administrative measures. For example, 

government intervention can facilitate the restructuring of industrial sectors, gradually phasing out 

outdated and polluting industries (D.-H. Kim et al., 2016). The Government should play to its 

strengths, and proactively boost funding and subsidies for the development of low-carbon 

technologies and the execution of green projects. These strategic measures facilitate industrial 

upgrading, diminish dependence on fossil fuels, enhance environmental quality, and efficiently 

accelerate the green economy's growth. Utilizing the approach employed by Zhan et al. (2023), GOV 

is calculated by dividing the whole fiscal spending of the government by the gross domestic product 

of the region. 

Industrial structure (IS). The tertiary industry is now driving China's economic growth instead 

of the secondary industry. The tertiary sector is often considered to be more environmentally 

sustainable because it produces fewer waste emissions and uses less energy. In contrast, the 

secondary industry is commonly associated with greater pollution, emission, and energy 

consumption levels. An increase in the tertiary industry's share helps to reduce air pollution (Wan et 

al., 2023). Consequently, the development of the green economy will be strongly impacted by the 

changes in the industrial structure. To eliminate the impact of differences in industrial structure, the 

paper accounts for the GDP share of the tertiary sector (Zhou et al., 2020). 

3.2. Data Sources and Descriptive Statistics 

Except for Taiwan, Hong Kong, Macao, and the Tibet Autonomous Region, this study examines 

a data sample of thirty Chinese provinces and autonomous areas. It covers the period from 2010 to 

2022. The fundamental information is derived from environmental status bulletins, national, 

provincial, and municipal statistical yearbooks, moreover a few professional statistical yearbooks like 

the "China Statistical Yearbook," "China Energy Statistical Yearbook," "China Agricultural Statistical 

Yearbook," "China Industrial Statistical Yearbook," "China Population and Environment Statistical 

Yearbook," "China Science and Technology Statistical Yearbook," and numerous regional statistical 

yearbooks. The definitions of the detail variables are presented in Table 3 and present descriptive 

statistics in Table 4. 

Table 3. Data Description of the Variables. 

Variable  Symbol  Measurement  Source 

Green Economic Growth GEG by the super-efficient SBM CSY, PSY, CESY 

Technology Innovation TI green invention patents CNIPA 

Renewable Development  RED renewable energy power generation CEPY 

Green Finance GF construct a comprehensive index of 

green finance 

CSY,CISY,CESY, PSY, CASY  

Economic Development Level PGDP regional gross domestic product per 

capita 

PSY 

Population Density PD the density of the population per 

square kilometer 

PSY 

Government Intervention GOV government fiscal expenditure/GDP PSY 

Industrial Structure IS The ratio of the tertiary sector's 

output value to Gross Domestic 

Product (GDP) 

CSY 

Note: “CSY = China Statistical Yearbook; PSY= Provincial Statistical Yearbooks; CESY= China 

Environmental Statistical Yearbook; CNIPA= China National Intellectual Property Administration; 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 May 2024                   doi:10.20944/preprints202405.1304.v1

https://doi.org/10.20944/preprints202405.1304.v1


 11 

 

CEPY = China Electric Power Yearbook; CISY= China Industrial Statistics Yearbook; CASY= China 

Agricultural Statistical Yearbook”. 

Table 4. Descriptive statistics. 

Variables N Mean Standard deviation Min. Max. 

GEG 390 0.695 0.358 0.0890 2.102 

RED 390 5.584 1.495 0 8.339 

GTI 390 7.466 1.479 2.565 10.72 

GF 390 0.0660 0.0243 0.0271 0.172 

IS 390 1.125 0.647 0.494 5.297 

GOV 390 0.251 0.105 0.106 0.758 

PD 390 5.470 1.289 2.053 8.275 

PGDP 390 1.277 0.811 0.476 4.934 

3.3. Methodology 

3.3.1. Construre Regression Modeling of Panel Data 

The purpose of this study is to evaluate how well renewable energy production and green 

technical innovation contribute to green economic growth. Regarding the study constructs, the model 

that follows is created: 

𝐺𝐸𝐺𝑖,𝑡 = 𝑓(𝐺𝑇𝐼𝑖,𝑡 , 𝑅𝐸𝐷𝑖,𝑡 , 𝐺𝐹𝑖,𝑡 , 𝑃𝐺𝐷𝑃𝑖,𝑡 , 𝐼𝑆𝑖,𝑡 , 𝑃𝐷𝑖,𝑡 , 𝐺𝑂𝑉𝑖,𝑡)     (1) 

Correspondingly, the empirical form of the proposed model is: 

𝐺𝐸𝐺𝑖,𝑡 = 𝛼𝑖,𝑡 + 𝛽1𝐺𝑇𝐼𝑖,𝑡 + 𝛽2𝑅𝐸𝐷𝑖,𝑡 + 𝛽3𝐺𝐹𝑖,𝑡 + 𝛽4𝑃𝐺𝐷𝑃𝑖,𝑡 + 𝛽5𝑃𝐷𝑖,𝑡 + 𝛽6𝐺𝑂𝑉𝑖,𝑡 + 𝛽7𝐼𝑆𝑖,𝑡 + 𝜐𝑖 + 𝜇𝑡 + 𝜀𝑖,𝑡   (2) 

To examine the moderating green finance's function in the context of technology innovation 

and renewable energy development and their collective impact on green economic growth, an 

interaction term is incorporated into Equation (3). The model is subsequently expanded as follows: 

𝐺𝑅𝐺𝑖,𝑡 = 𝛽0 + 𝛽1𝑅𝐸𝐷 ∗ 𝐺𝐹 + ∑ 𝛽𝑘
5
𝑘=2 𝑍𝑖,𝑡 + 𝜐𝑖 + 𝛿𝑡 + 𝜀𝑖,𝑡      (3) 

𝐺𝑅𝐺𝑖,𝑡 = 𝛽0 + 𝛽1𝐺𝑇𝐼 ∗ 𝐺𝐹 + ∑ 𝛽𝑘
5
𝑘=2 Ζ𝑖,𝑡 + 𝜐𝑖 + 𝛿𝑡 + 𝜀𝑖,𝑡     (4) 

Where GRG means green economic growth, GIT means green technology innovation, RED 

means renewable energy development, foreign direct investment level is referred to as FDI, PGDP 

means per capita gross regional product, PD means population density, GOV means government 

intervention, IS means industrial structure, 𝜇𝑡 is individual and time effects, respectively, and 𝜀𝑖,𝑡 is 

error term, which obeys an independent same distribution. 

3.3.2. Threshold Regression Modeling of Panel Data 

Considering that technological innovation levels determine how much of an impact renewable 

energy production has on the expansion of the green economy, the objective of this study is to 

discover whether there exists a specific level of technological innovation that acts as a threshold, 

above which the impact of developing renewable energy on the expansion of the green economy 

becomes significant, distinguishing between effects observed above and below this identified 

threshold, the study extends Equation (3). Recognizing the potential endogeneity issues within the 

model, we use a framework that is based on Hansen's (1996) static panel threshold model and further 

incorporate insights from the panel threshold model proposed by Dang et al. (2012). The basic form 

of the model is as follows: 

𝐺𝑅𝐺𝑖,𝑡 = 𝛽0 + 𝛽1𝑅𝐸𝐷𝑖,𝑡 ∙ Ι(𝑅𝐸𝐷 ≤ 𝛾1) + 𝛽2𝑅𝐸𝐷𝑖,𝑡 ∙ Ι(𝑅𝐸𝐷 > 𝛾2) + ∑ 𝛽𝑘Ζ
𝑖,𝑡

6
𝑘=3 + 𝜐𝑖 + 𝛿𝑡 + 𝜀𝑖,𝑡  (5) 

𝐺𝑅𝐺𝑖,𝑡 = 𝛽0 + 𝛽1𝑅𝐸𝐷𝑖,𝑡 ∙ Ι(𝐺𝑇𝐼 ≤ 𝛾1) + 𝛽2𝑅𝐸𝐷𝑖,𝑡 ∙ Ι(𝐺𝑇𝐼 > 𝛾2) + ∑ 𝛽𝑘Ζ
𝑖,𝑡

6
𝑘=3 + 𝜐𝑖 + 𝛿𝑡 + 𝜀𝑖,𝑡   (6) 

In equaion (5) and (6), 𝑅𝐸𝐷𝑖,𝑡 is the explanatory variable and Ζ𝑖,𝑡is a control variable moment 

matrix, in brackets 𝑅𝐸𝐷 𝑎𝑛𝑑 𝐺𝑇𝐼 is the threshold variable, which corresponds to technological 
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innovation in this article, 𝛾 is the threshold value. Ι{∙}is an indicator function, that is, if the conditions 

in the brackets are true, its value is 1; otherwise, its value is 0. 

4. Empirical Results 

4.1. Trends in the Level of Green Technology Innovation, Renewable Energy Development, and Green 

Economic Growth 

Figure 2 illustrates the correlation among green economic growth (GEG), green technology 

innovation (GTI), and renewable energy consumption (RED). As shown in Figure 1, As RED and GTI 

increase, GEG initially shows a decreasing then increasing trend, exerting a U-shaped impact on 

green development. Possible plausible explanations for this phenomenon are mainly because the 

available technology is relatively mature compared to traditional energy sources, leading to the 

nation's reliance on conventional energy use. However, because of downsizing, using renewable 

energy comes at a hefty expense. resulting in short-term harm to green economic growth. In addition, 

Governments may promote green technology innovation and renewable energy development 

through subsidies and incentives, and it can require some time for markets and industries to adapt 

to these policies, with the maturity of green technologies and the cost-effectiveness of renewable 

energy increasing over time, contributing to a rise in green economic growth.  

As shown in Figure 3. Overall, China’s green economic growth tendency is upward for every 

region. However, owing to differences in economic growth among regions and levels of 

environmental governance across different provinces, there is variability in the degree of green 

economic growth observed. Since 2013, China has initiated several significant measures for ecological 

and environmental protection and green economic development, concentrating on reducing non-

renewable resources and enhancing support for environmental sectors like forestry, information 

technology, green buildings, and transportation, to effectively promote green economic growth. 

Higher economic growth provinces and regions—such as Beijing, Shanghai, Tianjin, Jiangsu, 

Zhejiang, Guangdong, and Hainan—have taken the lead in realizing the significance of green 

development. With well-established infrastructure and a robust economic foundation, these areas 

have swiftly responded to policy directives, channeling more funds and technology into clean energy 

projects, such as the construction of sun and wind-powered power plants, or advancing the 

deployment of new energy vehicles. These efforts contribute to the reduction of fossil fuel 

dependence, lower emissions of carbon dioxide, enhance the quality of the air, and advance green 

economic growth within these regions. 

 

Figure 2. The relationship between the amount of green economic growth, the use of renewable 

energy, and the creation of green technologies (2010–2022). 
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Figure 3. Changes in green economic growth level in China’s 30 provinces (2010–2022). Notice: The 

numbers on the abscissa represent Beijing, Tianjin, Hebei, Shanxi, Neimenggu, Liaoning, Jilin, 

Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, 

Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan, Shanxi, Gansu, Qinghai, 

Ningxia, Xinjiang. 

4.2. Panel Unit Root Test 

This study conducts a stationarity test on each variable before model estimation to prevent 

"spurious regression" and make sure the model's estimation is accurate. There are six ways to perform 

unit root tests that are frequently used. To evaluate the smoothness of the variables in this study, 

three approaches were used: the Hadri (HT) test (2000), the Im, Pesaran, and Shin (IPS) test (2007), 

and the Levin, Lin, and Chu (LLC) test (2002). The test results are shown in Table 5. Except for GTI 

and PD, which failed the IPS test, the test results indicate every variable passed all three tests. 

Generally speaking, If the variables pass both tests, the series can be considered stationary. For the 

sake of rigor, this article will further conduct a cointegration test. In analyzing panel data, performing 

a panel unit root test is crucial to confirm the accuracy of the regression findings and prevent the 

occurrence of misleading correlations. 

Table 5. Panel unit root tests. 

Variable LLC test IPS test HT test stability 

GEG -7.813*** -3.640*** -3.640*** stable 

RED -7.890*** -3.000*** -2.300*** stable 

GTI -3.227*** -1.200 -1.760** stable 

GF -3.764*** -3.911*** -3.334*** stable 

IS -2.650*** -2.430*** -7.282*** stable 

PGDP -4.283*** -2.865*** -2.638*** stable 

PD -5.354*** 1.395 -2.865*** stable 

GOV -7.041*** -4.823*** -4.823*** stable 

Notes: *,**,*** denote significance at 1%, 5% and 10% respectively. The figures in the table represent 

the statistical values for the LLC, IPS, and PP tests, respectively. All numbers have been adjusted to 

retain three decimal places. 
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4.3. Panel Cointegration Tests 

After examining the unit root test findings, it's essential to ascertain whether there is a consistent 

relationship between the variables. The cointegration relationship between variables is examined 

using three different approaches within this study: Kao, Pedroni, and Westerlund. Table 6 displays 

the findings. Despite the lack of significance in the Pedroni framework's Phillips-Perron t-test, the 

other two statistics showed meaningful cointegration correlations. Additionally, at the 10% 

significance level, every other variable rejected as false the null hypothesis that cointegration did not 

occur. Consequently, it can be said that the variables as a whole have a cointegration connection. 

Table 6. Co-integration test results. 

Method Test statistics statistic p-value 

Westerlund test Variance ratio 11.287*** 0.000 

Pedroni test Modified Phillips–Perron t 10.370*** 0.000 

Phillips–Perron t  -0.794 0.213 

Augmented Dickey-Fuller t -2.226** 0.013 

Kao test Modified Dickey-Fuller t -2.523*** 0.006 

Dickey-Fuller t -4.304*** 0.000 

Augmented Dickey-Fuller t -5.787*** 0.000 

Unadjusted modified Dickey-Fuller t  -3.044*** 0.001 

Unadjusted Dickey-Fuller t  -4.545*** 0.000 

4.4. Regression Model Selection 

Regression technique selection. First, a regression technique selection is made for the model. 

Given the dependent variable being GEG and the corresponding F-test probability of 0.0000, the 

"fixed effects model" ought to be chosen instead of the "pooled regression" strategy. Given the 0.0000 

accompanying probability for the M-test, the "random effects" model ought to be chosen above the 

"pooled regression" model. A Hausman test with a 0.0000 probability suggests that the "fixed effects 

model" is preferred over the "random effects model." Consequently, the "fixed effects model (FE)" 

should be employed for analysis. Table 7 presents the test findings. 

Table 7. Test results. 

Test Summary statistical value Prob. 

F test  46.49 0.0000 

LM test 1726.64 0.0000 

Hausman test 189.01 0.0000 

4.5. Results of Multiple Linear Regression 

In order to examine how advances in renewable energy and green technology affect the growth 

of the green economy, this study uses fixed-effect approaches as the standard regression approach. 

The results are shown in the last column of Table 8. Our analysis reveals that at a significance level 

of 1%, green economic growth is boosted by 1.04% for every 10% increase in renewable energy 

consumption (RED). This finding is statistically significant, suggesting that the association is highly 

strong and stable, which demonstrates that both environment quality and energy efficiency can be 

enhanced by the usage of renewable energy, which are important factors in promoting a green 

economy. It was discovered in the study that for every 1% rise in the use of renewable energy, the 

performance of the green economy increases by 3.2%; this effect is considerable. The same conclusion 

is reached by Mohsin et al. (2022). 
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The findings reveal that increasing green economic growth by 0.131% follows increases in green 

technology innovation. The positive coefficient estimated for GTI suggests that even a minimal 1% 

increase significantly enhances green economic growth (GEG). In this paper, green technology 

innovation refers mainly to technology innovation related to renewable energy. Through the 

optimization of energy consumption patterns and increased energy efficiency, environmental 

impacts can be mitigated by green technological innovation and energy-related stresses. 

Concurrently, both dependence on fossil fuels for energy and energy use per production unit can be 

decreased with the aid of technological innovation, consequently, this will balance the correlation 

between energy consumption and economic growth and promote sustainable economic growth. The 

finding aligns with the conclusions indicated by Su and Fan (2022), who discovered that the standard 

for green development is directly raised by the development of renewable energy technologies. These 

results align with those of earlier research that have been discovered by Suki et al. (2022) and Wang 

et al. (2022). 

According to the findings, green economic growth is positively impacted by green finance. with 

GEG increasing by 1.398% for every 1% increase in GF at the level of significance of 1%. The primary 

reason green finance significantly underpins the development of sustainable industries by funneling 

essential capital and technological resources towards environmentally friendly sectors. For instance, 

governmental provisions of fiscal subsidies and tax incentives for renewable energy initiatives, 

alleviate the financial burdens of initial capital and operational costs for enterprises. Concurrently, 

Strategic planning for the Green Development Fund and the facilitation of low-interest loans from 

financial institutions catalyze innovation and implementation of green technologies. Collectively, 

these efforts propel the acceleration of green economic growth. These findings are consistent with 

those of earlier research, for instance, Odugbesan et al. (2021) indicate that a new financial model 

called "green finance" aims to enhance and safeguard the environment, assist green industries 

financially, actively direct money and technology toward these sectors, and speed the green economy 

gap. Qian et al. (2022) showed that green development is significantly promoted by green credit.  

Further, examines the extent to which green technology innovation and renewable energy 

development enhance green economic growth via the mechanisms of green finance. This study adds 

an interaction term to the analysis equation between growth in green technology, green financing, 

and renewable energy. This method allows for an evaluation of green finance’s moderating function 

in innovation in green technology, advancements in renewable energy, and expansion of the green 

economy. The results, which are shown in Table 9, show that, the interaction coefficients between 

green technical innovation, renewable energy development, and green funding show a significant 

and positive association at the 1% level of significance. This suggests that green financing drives 

green economic growth through the development of renewable energy sources and green technical 

innovation. Consistent with the views of Y. Fang & Shao (2022), C. Li & Umair (2023), (Dai & Xiong, 

2023). For example, In their study, Dai and Xiong (2023) looked at how green finance affected Asia’s 

economic recovery and recommended that Governments increase funding to promote renewable 

energy technology R&D. The estimation findings above underscore that green technology innovation 

and the development of renewable energy sources are greatly aided by green finance, which in turn 

promotes green economic growth. Moreover, it positively moderates the dynamic connection 

between innovation in green technology, the development of renewable energy, and growth in the 

green economy. Here are some potential explanations: Green finance is a crucial approach in regional 

environmental governance that uses loan interest rates and constraints to incentivize polluting firms 

to transition to green technologies. Specifically, green finance compels these enterprises to innovate 

environmentally friendly technologies by lowering lending limits and raising interest rates for 

polluting sectors. Simultaneously, green finance streamlines the financing procedures for eco-

friendly enterprises by reducing lending rates and raising loan ceilings. This approach promotes 

allocating social capital towards ecologically sustainable industries, hence stimulating green 

innovation. Additionally, green finance promotes renewable energy project development, like solar 

and wind energy projects, by employing strategies that include the issuing of environmentally 

friendly bonds, the creation of green funds, and the application of tax incentives and subsidized 
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interest rates. These measures effectively decrease the financial burden and risks of investing in 

renewable energy. In summary, green finance helps to balance the demands of environmental 

preservation with those of economic development, guiding the economy toward greater 

sustainability and greenness. It also encourages innovation and the broad use of environmental 

technologies. 

From a control perspective, There is a noticeable positive correlation with per capita GDP 

(PGDP), aligning with the findings reported by Tan et al. (2023). As GDP per capita grows, people's 

demand for and emphasis on the environment, including clean air and water, will increase 

accordingly, which will encourage businesses to implement more ecologically friendly measures and 

innovations to meet consumer demand, while governments will strengthen environmental policies 

and regulations to incentivize companies to adopt environmentally friendly production methods. 

This aligns with the principles of the Environmental Kuznets Curve (EKC), as countries become 

wealthier, they prioritize environmental protection, leading to a decline in pollution. At the 1% level, 

population density (PD) GEG has a negative correlation. With the rise in population density, natural 

resources like land, water, and energy are at risk of overdevelopment and overexploitation. Areas 

with high population densities are typically associated with heightened industrial output, 

transportation, and human activities, which may lead to significant waste and pollutants production. 

Government interventions (GOV) and industrial structure (IS) both exhibit negative and statistically 

substantial green economic growth (GEG) effects. The negative impact of government interventions 

may be because that market failures, inappropriate resource allocation, ineffective policy 

implementation, and a lack of foresight, which may result in excessive subsidies to industries with 

poor environmental performance, thus stifling innovation and application of clean technologies. 

Additionally, overregulation can increase operational costs for businesses, particularly small and 

medium enterprises, limiting their ability to adopt green technologies. China's primary source of 

carbon dioxide emissions is the industrial sector. Upgrading the industrial structure may result in 

increased use of energy and emissions of carbon, which can hinder green development's 

advancement (Zhong et al., 2015). Accordingly, a larger share of the secondary sector may hinder 

advancements in green economic growth. This observation aligns with the findings of S. Yu et al. 

(2020) and J. He et al. (2023). 

Table 8. Static panel regression results. 

 (1)  (2)  (3) 

Variables Ols  RE  FE 

      

RED 0.038***  0.034**  0.104*** 

 (0.021)  (0.018)  (0.019) 

GTI 0.100***  0.131***  0.131*** 

 (0.011)  (0.013)  (0.015) 

GF 0.574  1.430**  1.398** 

 (0.482)  (0.611)  (0.611) 

PGDP 0.263***  0.243***  0.102* 

 (0.018)  (0.033)  (0.054) 

PD 0.054***  0.013  -1.132*** 

 (0.016)  (0.029)  (0.232) 

GOV 0.868***  0.050  -0.935*** 

 (0.161)  (0.209)  (0.231) 

IS -0.037**  -0.033**  -0.043*** 

 (0.015)  (0.016)  (0.015) 
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Constant -0.923***  -0.960***  5.383*** 

 (0.142)  (0.202)  (1.224) 

      

Observations 390  390  390 

R-squared 0.725  0.559  0.631 

Hausman test     Prob > chi2 = 0.0000 

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

Table 9. The moderating effect of green technological innovation. 

 (1)  (2) 

Variables Eq. (3)  Eq. (4) 

    

RED 0.097***  0.089*** 

 (0.020)  (0.019) 

GTI 0.138***  0.150*** 

 (0.015)  (0.015) 

GF 1.438***  1.005* 

 (0.638)  (0.597) 

GF*RED 0.232**   

 (0.057)   

GF*GTI   0.455*** 

   (0.057) 

GOV -0.975***  -1.049*** 

 (0.234)  (0.229) 

IS -0.040***  -0.0399*** 

 (0.015)  (0.0147) 

PGDP 0.082  0.138*** 

 (0.053)  (0.0527) 

PD -1.144***  -1.357*** 

 (0.232)  (0.230) 

Constant 5.462***  6.557*** 

 (1.219)  (1.208) 

    

Observations 390  390 

R-squared 0.636  0.653 

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

4.6. Panel Threshold Model Analysis 

Drawing on the "bootstrap" method introduced by Hansen (1999) and utilizing the Stata 18.0 

statistical software, the study conducted 1000 resamples to calculate the P-values for test statistics, 

thus determining the presence of threshold effects. Based on the findings displayed in Table 9, both 

RED and GTI, serving as threshold variables, exhibit a single threshold effect, at 10% level P-values 

of less than 0.1, which exhibits statistical significance. Therefore, there is a threshold impact for both 
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green technology innovation and renewable energy on green economic growth. Corresponding to 

Table 10, based on the ideas of the threshold model, the estimated threshold values, denoted asγ, are 

identified at the points where the Likelihood Ratio (LR) statistics approach zero. Figure 3 displays 

the likelihood ratio function graphs for RED and GTI with threshold estimates of 6.700 and 6.814, 

respectively, within the 95% confidence interval. In the graphical representations, for Likelihood 

Ratio (LR) statistics, the minima indicate the real threshold values. The delineation of a critical value 

at 7.35, represented by a dashed line, and its substantial exceedance over the threshold values 

confirms the validity of these thresholds. 

Following the panel threshold effect test results, additional threshold regression analysis was 

undertaken, with the findings detailed in Table 11. Model 5 indicates that when the RED level is 

below 6.700, renewable energy production affects green economic growth by 0.104. Conversely, when 

the RED level exceeds 6.700, this coefficient increases to 0.126. This outcome aligns with the findings 

from the initial benchmark regression and substantiates the reliability of the findings. The outcomes 

of Model 5 prove that while the renewable energy development level is less than a certain threshold, 

its consumption has a noteworthy but relatively less intense boost to economic growth. However, 

once this threshold is beyond, the effect of renewable energy on the economy becomes more 

pronounced and stronger. This may be because above the threshold, renewable energy technologies 

are more mature, policy and infrastructure support is better, and efficiency and economies of scale 

effects increase. 

Model 6 demonstrates that when green technology innovation levels are below 6.816, growth in 

the green economy and advancements in renewable energy have a 0.127 impact coefficient, indicating 

a substantial beneficial impact. When the green technology innovation level exceeds 6.816, this 

impact coefficient increases to 0.147 is significant at the 1% level of statistical significance. This 

indicates that the contribution of renewable energy to economic growth increases as green technology 

innovation increases. The result aligns with the findings of (X. Li et al., 2018; Saba et al., 2023; Wang 

et al., 2020). The explanations for the reasons include the following aspects: firstly, technological 

advances have improved the efficiency of energy production, making renewable energy more 

competitive in the market by reducing the cost per unit of output. Secondly, as production costs 

decrease and technology becomes more advanced, the government and the market offer greater 

assistance to renewable energy, such as financial subsidies and tax incentives, which further promote 

its growth. Additionally, highly efficient and eco-friendly energy solutions can enhance energy 

security, and reduce environmental pollution and reliance on traditional fossil fuels at the same time, 

which will help the economy shift to green development. 

Table 10. Threshold effect test results. 

Threshold 

variable 

Threshold 

number 

F-statistics p-Value Threshold 

value 

Confidence 

Intervals(95%) 

RED Single 38.17 0.021 6.700 [6.675, 6.708] 

GTI Single 29.74 0.051 6.816 [6.713, 6.849] 

Table 11. Estimation results of threshold models. 

 Model (5)  Model (6) 

Variables Threshold variable: 

RED 

 Threshold variable: GTI 

    

GTI 0.083***   

 (0.060)   

GF 0.098  0.220 
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 (0.174)  (0.186) 

PGDP 0.032***  0.046*** 

 (0.006)  (0.006) 

IS -0.367**  -0.314*** 

 (0.068)  (0.073) 

GOV -0.828***  -0.771*** 

 (0.211)  (0.228) 

PD -1.529***  -0.813*** 

 (0.211)  (0.223) 

RED·1{RED≤6.405} 0.104***   

 (0.019)   

RED·1 {RED>6.405} 0.126***   

 (0.020)   

    

RED·1{GTI≤11.59}   0.127*** 

   (0.017) 

RED·1{GTI>11.59}   0.147*** 

(0.016) 

Notes: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 

 

Figure 3. The likelihood ratio distribution of the estimated threshold value of renewable energy 

development and green technology innovation. 
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5. Conclusion and Policy Implications 

5.1. Conclusions 

We employ a super-efficient DEA model to examine green economic growth using balanced 

panel data from 30 Chinese regions between 2010 and 2022. The panel data model explains how 

advances in renewable energy and green technology have an effect on the green economy's growth. 

Analyzing the nonlinear effects of green technological innovation and renewable energy 

development under various threshold limitations, as well as the threshold effects of these 

developments on green economic growth, is done by using threshold regression models. The 

following are the primary conclusions: Firstly, China's overall green economic growth shows an 

upward trend, from the development of green economy technology to the growth of renewable 

energy and the connection between the two to green economic growth. According to the chart, each 

province saw a drop in the measure of green economic growth, followed by a subsequent rise, 

indicating an inverted "U" shaped development trend. The GEG varies throughout each location 

because of the varying levels of environmental management and economic growth. Secondly, the 

benchmark results indicate that all selected variables greatly influence the rise of the green economy. 

However, population density, government intervention, GEG, and industrial structure have an 

inverse relationship. Simultaneously, green funding has a moderating function in the contribution of 

green technology innovation and renewable energy development to green economic growth. 

Furthermore, green technology innovation and renewable energy development can boost green 

economic growth through green finance. Thirdly, green technical innovation has one threshold 

impact on the development of renewable energy and green economic growth, according to threshold 

effect analysis. Specifically, renewable energy development has a limited effect on the rise of the 

green economy when green technology innovation lowers below a particular level. However, once 

this barrier is crossed, the potential for developing renewable energy to accelerate green economic 

growth is greatly increased. Additionally, at the current state of the art, utilizing RED as a threshold 

variable, we investigate the ideal range for consuming renewable energy to support the expansion of 

the green economy. The results are similar to the GTI as a threshold value. 

5.2. Policy Recommendations 

Based on its earlier findings, the report suggests the following policies:  

(1) To promote the development of a green economy, it is essential to enhance local green 

development and achieve regional coordination. Local governments should strengthen talent 

cultivation to provide continuous support for green development. Governments should also 

optimize the environment for green innovation, integrate resources, and guide policies to 

improve the capabilities of green technologies, thereby improving resource efficiency and 

achieving energy transition. We should formulate customized and distinct green development 

policies to showcase the unique strengths and characteristics of various regions. Advanced 

regions, such as Guangdong and Jiangsu, can lead by providing technical support and 

promoting collaboration for green development in other areas. For example, Guangdong 

Province has become one of the leading regions in China's green economy by encouraging clean 

energy development and promoting the environmental protection industry. It can share its 

experiences and technologies with other regions, helping to improve their green development. 

Ultimately, we can advance local green development and promote harmonious and enduring 

growth of the environmentally friendly economy by strengthening talent cultivation, optimizing 

the innovation environment, implementing differentiated policies, and promoting regional 

cooperation. 

(2) To enhance green technology innovation and renewable energy development, as well as to foster 

the growth of green finance and optimize industrial structure adjustments. First, governments 
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should fund green technology and renewable energy research. It can achieve this by establishing 

green technology innovation hubs, providing R&D funding, and encouraging enterprises, 

research institutions, and universities to increase their research and innovative efforts regarding 

renewable energy and green technology. Second, governments should establish a robust green 

finance system, providing a range of financial services and solutions to aid in the advancement 

of renewable energy and green technology. For example, governments can incentivize financial 

firms to issue green bonds to attract capital into the green economy sector and enhance green 

finance regulation to ensure that green financial products are credible and transparent. Lastly, it 

is necessary to optimize industrial structure by imposing strict environmental standards on 

high-pollution industries and promoting the growth of eco-friendly sectors. Furthermore, it is 

critical to adjust government intervention methods to reduce reliance on traditional industries 

and ensure rational resource allocation. 

(3) To augment the green technology development research and enhance utilizing renewable 

energy, it is recommended to establish a specialized institution tasked with monitoring the 

advancements in green technology innovation and renewable energy development. This body 

would also evaluate their impacts on green economic growth, ensuring alignment with 

sustainability goals. We can quickly adjust and optimize relevant policies to fully capitalize on 

their potential to stimulate economic growth once we determine that the development level in a 

particular area is approaching or has exceeded a certain threshold. 
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