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Abstract

The integration of sustainable/ green finance within economic frameworks
has become increasingly pivotal in driving environmentally conscious prac-
tices across enterprises, particularly within new energy markets. This study
explores the optimization of economic law on the market structure of new
energy within the context of sustainable finance. With the imperative to
transition towards sustainable energy sources becoming increasingly urgent,
understanding the interplay between economic regulations, financial mech-
anisms, and market dynamics is crucial. Employing multilinear regression
analysis, we investigate the impact of economic law variables and sustain-
able finance metrics on the market structure of new energy. Through the
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construction of a Sobels model test, this paper seeks to comprehensively
analyze the influence paths of green finance on the optimization of the market
structure for new energy through the mediating effect of economic regulation.
The empirical consequences of this study show that the complementary role
of economic regulation impacts the potential of green finance to drive market
structural improvements in the new energy sector. Also, this study employs
proposed multiple linear regression analysis to explore the drivers of market
dynamics in the new energy sector, with a focus on optimizing economic
laws to support sustainability objectives. By broadening the scope of inquiry
into the transformation of new energy enterprises, these findings offer both
theoretical insights and practical guidance. The research underscores the sig-
nificance of aligning financial mechanisms, regulatory frameworks, and green
energy consumption to facilitate the transition towards a more sustainable and
resilient market structure for new energy enterprises in China.

Keywords: Green finance, sustainable finance, new energy markets, green
energy consumption, economic regulations, proposed multiple regression
analysis.

1 Introduction

It is more important than ever to combat climate change and make the
switch to renewable energy sources. More countries are realizing the need
of sustainable financing in facilitating the transition from climate change
to lower carbon emissions and lessen its effects. Sustainable finance is a
vital part of addressing global climate change and supporting economic
development, as it channels capital to environmental and socially responsible
firms, predominantly renewable energy. It employs different mechanisms,
including loans, green bonds and insurance, which support a strategy that
lowers carbon emissions, guilt margins of innovation and reduces exposure to
financial risk. Sustainable finance represents efficiency of the market, timber
of technical innovation and frameworks for regulatory policy by bridging
financial institutions with environmental objectives. Sustainable finance also
assists in achieving balanced regional economic development and agronomics
new energy market structures. Sustainable finance encompasses a range
of financial mechanisms and strategies aimed at promoting environmental
sustainability, social responsibility, and good governance within the financial
sector. Central to the transition toward sustainable energy is the develop-
ment of new energy markets, characterised by the emergence of innovative
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technologies and business models. However, the structure of these markets is
significantly influenced by economic laws and regulations that shape invest-
ment incentives, market competition, and innovation. Thus, speeding the shift
to a low-carbon economy requires optimizing economic legislation to enable
the emergence of new energy markets against the backdrop of sustainable
finance.

Green finance, defined as financial products and investments that promote
environmentally sustainable development, has gained traction as a key mech-
anism for mobilizing capital towards clean energy projects and technologies
[1]. Concurrently, economic regulations play a pivotal role in shaping market
behavior and ensuring compliance with environmental standards and objec-
tives [2]. The interplay between green finance and economic regulation within
the new energy sector in China is tcharacterisedby a complex and dynamic
relationship, with implications for moptimising arket structure oand achiev-
ingsustainable growth outcomes. The convergence of renewable energy and
sustainable finance necessitates innovative approaches to optimize market
structures, and machine learning (ML) as well as deep learning (DL) algo-
rithms offer promising solutions. ML algorithms leverage historical data to
forecast market trends and inform investment decisions, while DL algorithms
analyze diverse datasets to mitigate risks associated with renewable energy
investments.

Additionally, these algorithms optimize energy production and distribu-
tion, personalize renewable energy offerings, and evaluate policy effective-
ness, thereby accelerating the transition towards a sustainable energy future.
This study makes several contributions to this field. Initially, it validates
the notable positive impact of sustainable financing on the optimisation of
China’s new energy market structure. Secondly, it differs from other studies
in that it employs an index technique for evaluating green finance, which
is based on many characteristics, to analyze the typical facts of green or
sustainable finance and market structure optimization in China. This cre-
ates a new, comprehensive approach to assessing green finance. Thirdly, by
using new energy firms as the study subjects and the symbolic meanings of
green finance, it offers fresh perspectives on the direct and indirect influence
channels of consumption of green energy and green financing on the market
structure optimization.

This study focuses on employing multiple linear regression analysis to
explore the intricate relationship between economic laws, market structure,
and sustainable finance in the new energy sector. By harnessing the power of
statistical modelling, we aim to uncover the underlying factors driving market
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dynamics and identify opportunities to optimise economic laws in alignment
with sustainability objectives. The research questions to be concerned in this
work are listed below:

RQ1: Does green/sustainable finance influence the optimization of China’s
new energy market structure?
RQ2: Does green energy consumption improve new energy market structure
optimization?
RQ3: Does exposure to green finance mechanisms impact the market perfor-
mance and sustainability outcomes of new energy enterprises?

In the subsequent section, a review of pertinent literature is conducted,
followed by the formulation of our hypotheses. Chapter 3 is dedicated to
elucidating the proposed methodology, wherein we expound upon the models
that underpin our analysis and elucidate the variables utilized in estimation.
Subsequently, in Chapter 4, we summarise our primary findings and conduct
various assessments to evaluate their resilience. Finally, Chapter 5 presents
a discussion of our findings, concluding with implications drawn from the
study.

2 Literature Review

In 2023, Sheng Zeng et al. [3] proposed an optimisation path obtained by
building a multi-dimensional dynamic support vector machine model (SSA-
MFD-SVR-ARIMA) using the sparrow algorithm to predict the percentage of
Chongqing’s energy structure under the influence of green finance develop-
ment from 2021 to 2030. This model utilised the Copula function and Granger
causality to identify the energy structure that impacted the elements. The
results of the new study verify that: (1) Green Finance optimizes Chongqing’s
energy structure at a correlated rate of 10.8%; and (2) If Green Finance
keeps growing at its current rate of 4.5%, by 2030, non-fossil energy will
account for 27% of total energy consumption and coal 40%. It certifies
Chongqing’s capacity to meet the goals set forth in the Central Government’s
2025 Energy Development Plan. The paper proposes a four-dimensionally
optimal financial pathway that includes green equity investments, digital
energy finance, financing environmental rights and interests, and industrial
fund development. Additionally, the authors proposed safeguard techniques
for this pathway optimization’s financing, innovation, connection, and pro-
tection mechanisms. Kumar et al. [4] examined the balanced integration
of wind and solar energy to enhance environmental sustainability through
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optimised performance. This approach is adopted in our proposed work to
guide the optimisation of economic laws and market structures for new
energy systems under green finance, which supports the development of a
balanced, policy-driven energy market that promotes clean energy investment
and environmental benefits.

In 2022, Sameh Mahjoub et al., [5] developed and compared three distinct
machine learning methods for the purpose of forecasting time series power.
The Gated Recurrent Unit (GRU), Drop-GRU, and Long Short-Term Mem-
ory (LSTM) were the models that being suggested. As our time series dataset,
the power usage data was used to inform the projections. For this reason, the
LSTM neural network was selected to predict future load demand and prevent
consumption peaks. The work by Deevi et al. [6] presented the influence
of the digital economy on industrial structure upgrading and sustainable
entrepreneurial growth by promoting structural transformation. Our proposed
work leverages this structural optimization approach to reform economic laws
governing the new energy market structure under sustainable/green finance.
This integration improves industrial rationalisation, stimulates innovation,
and supports the sustainable development of the green energy sector. The
authors carried out numerous tests using real data on electricity use in
different French cities in order to provide a comprehensive evaluation of
this strategy. Experimental results over a range of time horizons demonstrate
that the LSTM model outperforms the GRU and Drop-GRU forecasting algo-
rithms. Its precision was higher and its prediction mistakes were lower. As a
result, these LSTM-based projections were enabled to plan ahead and initiate
load shedding when consumption above the permitted threshold. Planning for
power quality and equipment maintenance was greatly impacted by this.

In 2023, Avik Sinha et al. [7] examined the inter-quantile relationship
between the production of renewable energy and green funding from January
1985 to December 2020. A novel technique called “Multivariate Quantile-
on-Quantile Regression” (m-QQR) was also introduced by this study. The
results of the study indicate that there is inter-quantile dependence and that
external moderating factors influence the impact of green money on the
generation of renewable energy. The policy framework recommended by
the report is intended to help the United States accomplish the Sustainable
Development Goals. Pandey et al. [8] demonstrate that optimising renewable
energy integration using advanced algorithms can significantly reduce fuel
costs and support sustainable energy goals. These results offer valuable
insights for enhancing market structures and economic policies within green
finance frameworks. The technical study by Yangbing et al. [9] ensures
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the stability of wind power systems, supporting reliable energy delivery.
This stability is crucial for developing effective economic laws and market
structures in new energy sectors. Together, they align under green finance
by combining technical reliability with policy and financial support for
sustainable energy development. A hybrid PSOGSA algorithm to optimize
the sizing of Distributed Generation (DG) units in power systems, aiming to
enhance efficiency, reduce energy losses, and improve economic performance
emphasized by Prasad, et al., [10]. By integrating the strengths of PSO
and GSA, the algorithm achieves effective placement and operation of DG
units. The approach supports sustainable energy integration and aligns with
efforts to optimize economic laws and market structures under the framework
of green finance. Our proposed study on optimising economic law for the
market structure of new energy under sustainable finance leverages the cloud-
based financial modelling strategy presented by Bobba [11] to enhance the
responsiveness and efficiency of economic regulatory frameworks, promote
dynamic capital allocation, and strengthen policy support for sustainable
energy transitions. The study by Boyapati [12] examines digital finance as
a tool for improving income equality across diverse economies. I adopted
this strategy to refine economic regulations for new energy markets within
a sustainable finance framework. This method enriches inclusiveness and
efficiency in energy market structures.

Amidst the backdrop of global climate change, regional pollution, and
energy depletion, the United Nations introduced the concept of “green”
during international forums in the 1980s, advocating for the establish-
ment of a “green” industrial system to foster sustainable economic growth
[13, 14]. As comprehension deepened regarding economic actions, energy
consumption, and pollution emissions, addressing the dual challenges of
economic growth and environmental sustainability emerged as a focal point
of economic inquiry. Consequently, new research paradigms such as green
growth, green transformation, and green development were proposed [15].
The panel data analysis method, as proposed by Boyapati and Kaur [16],
is incorporated into our work to assess the impact of green finance on new
energy market optimization. This strategy helps identify regional dispari-
ties and supports the design of equitable and sustainable energy policies.
With a growing public consciousness regarding environmental protection
and stricter environmental regulations, industrial restructuring is increas-
ingly constrained. Thus, promoting the ecological development of industrial
structures has become pivotal for achieving green and low-carbon develop-
ment [17]. Urgently addressing global climate change necessitates promoting
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the ecological transformation of industrial structure, reducing the reliance on
fossil energy sources like coal, and mitigating carbon dioxide emissions [18].
From a macro perspective, industrial structure optimization primarily focuses
on changes in industrial composition and incorporation with the theory of
value chains, reflecting societal-wide industrial market structure optimization
through shifts in the segment of each industry.

2.1 Theoretical Underpinnings

2.1.1 Green finance mechanisms
Green finance has become a crucial component of China’s economic tran-
sition, with supply-side reform assuming increasing significance. The emer-
gence of efficient and green industrial structures is underway, heralding immi-
nent growth in the industrial landscape. Green finance primarily facilitates
the optimization and advancement of industrial market structures through
the following mechanisms [19]. The relationship between green finance and
market structure optimization is grounded in several economic theories. Cap-
ital allocation theory suggests that green finance directs resources efficiently
toward sustainable sectors enhancing growth in renewable energy industries.
Signalling theory highlights how green financial instruments reduce informa-
tion asymmetry, boosting investor confidence and market transparency. Risk
diversification theory supports the role of green finance in spreading financial
risks, encouraging investment in high risk but environmentally beneficial
projects. Regulatory economics emphasizes the mediating role of government
oversight in ensuring that financial flows align with environmental goals and
fair competition. Industrial organization theory explains how green finance
fosters market restructuring through increased competition and innovation.

Green finance primarily promotes capital development as a means of
enabling the optimization and advancement of industrial market structure.
Financing constitutes a central aspect of modernizing market structures.
Financial markets serve as conduits for gathering surplus capital from sav-
ings, directing these funds towards specific sectors or institutions, thereby
generating capital for industrial development [20]. Using financial tools
including sustainable bonds, environmental funds, and green loans, green
finance directs investment into environmentally friendly sectors of the econ-
omy. It promotes corporate reorganization by affecting the micro-level
distribution of resources across businesses. This strategy allows businesses
to contribute to “green value-added” by funding and lowering finance costs
for “green” entrepreneurs. Consequently, enterprises expand their market
size, enhance market competitiveness, and accelerate industrial expansion
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and development [21]. The second mechanism operates through information
transmission. Within the green financial system, instruments such as green
loans, equity, or financial ties serve as signals to the market, prompting
enterprises to invest in the green industry [22]. This signalling impact low-
ers shareholders’ perceived danger concerning future efforts to protect the
environment, as does the uncertainty that comes with lowering the use of
personal funding. Consequently, the transmission of information facilitates
a conducive environment for investments in green initiatives while reducing
investors’ risk exposure [23].

The third mechanism involves a risk-diversification approach. Emerging
businesses, such as those focused on ecological protection, energy preser-
vation, and new energy, often entail larger scales and higher risks. When
enterprises bear excessive risks independently, their inclination to operate
as “green enterprises” may diminish. The financial market serves as a
mechanism for redistributing risk [24, 25], thereby altering the trajectory
of risk-averse investments. By injecting capital into the ecological busi-
ness and initiating adjustments, the financial market enables enterprises to
manage and mitigate their commercial and investment hazards effectively,
thus contributing to the modernization of industrial structures. The fourth
part device operates through resource allocation. Green finance exerts a
positive influence on resource allocation within the new energy market,
thereby enhancing market dynamics. Research highlights the pivotal role of
green finance in optimizing resource allocation within the new energy sector.
By providing financial tools such as loans, green bonds, and funds, green
finance channels investment into renewable energy projects and sustainable
initiatives. This targeted allocation of financial resources enables companies
in the new energy market to access capital for expansion, research, and
development. Moreover, green finance mitigates financial barriers and risks
associated with new energy ventures. Through risk-sharing mechanisms and
the transmission of information, green finance fosters investor confidence
in new energy projects, thereby facilitating capital inflows into the sector.
This increased capital availability enables firms to invest in innovative tech-
nologies, scale up production, and enhance operational efficiency, ultimately
leading to optimised market dynamics. The incorporation of green finance
into the new structure of the energy market promotes the shift towards a low-
carbon economy by channeling funds into clean energy projects. It makes
markets more efficient through superior resource allocation and investment
risk reduction, making renewable business more appealing. Green finance
promotes technological innovation and helps to upgrade industry structures
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towards cleaner, high-tech sectors. Economically strengthened regulation,
coupled with it, makes an enabling policy-financial environment that serves
to compel adherence to environmental targets. The coupling also enhances
transparency and investor confidence. It connects financial and regulatory
architectures to convergence with sustainability targets.

2.1.2 Conceptual model
Green finance has a beneficial impact on various aspects of the new energy
market, ultimately leading to optimised market dynamics. Firstly, by facilitat-
ing capital formation, green finance enables the allocation of funds towards
renewable energy projects and sustainable infrastructure development [26].
This financial inflow enhances market dynamics by fostering innovation,
stimulating investment activity, and expanding the adoption of renewable
energy. Secondly, green finance plays a crucial role in improving information
transmission within the new energy market by promoting transparency and
sustainability reporting standards [27, 28]. This leads to better-informed
decision-making among investors and stakeholders, contributing to market
efficiency and optimization. Additionally, green finance contributes to risk
diversification by supporting a diverse portfolio of clean energy assets, which
helps mitigate sector-specific risks and enhances market resilience [29].
Furthermore, by directing investment towards environmentally sustainable
projects, green finance optimizes resource allocation in the new energy
market, aligning financial flows with long-term sustainability objectives and
driving market efficiency. Lastly, economic regulation acts as a mediator
by providing the necessary framework and incentives to support green
finance initiatives and ensure the effective integration of sustainability con-
siderations into market dynamics. All things considered, green financing,
combined with economic regulation, creates a favourable atmosphere for
sustainable investment and innovation, which in turn optimises the new
energy market structure. Economic regulations play a crucial mediating
role in linking green finance with market dynamics, especially in the new
energy sector. This provide the legal and policy framework needed to direct
financial resources toward sustainable projects. By providing incentives and
enforcing compliance these regulations reduce investment risks and improve
transparency. This encourages greater investor participation and more effi-
cient capital allocation. Economic regulations also gives innovation and the
upgrading of industrial structures. They support rationalization by ensuring
balanced resource use across sectors. Throughout the mechanisms regula-
tions strengthen the impact of green finance on market transformation. The
proposed conceptual paradigm is depicted in Figure 1.



878 Fengyun Liu et al.

Figure 1 Proposed conceptual model.

The dual-dimensional approach to industrial structure optimization
focuses on rationalization and advancement, ensuring efficient resource allo-
cation across sectors and economic modernization through a shift from
primary to higher-value tertiary industries. This approach aligns with effi-
ciency and innovation goals. In green finance and new energy markets,
rationalization is measured by Theil index and advancement by sectoral
hierarchy. Green finance, mediated by economic regulation, enhances both
rationalization and advancement, promoting sustainable and competitive
industrial transformation.

3 Proposed Methodology

3.1 Data Collection

The empirical analysis in this work is based on a panel dataset including
thirty Chinese provinces from 2012 to 2020. This study’s sample span was
determined to be from 2012 to 2020. As the “12th Five-Year Program for
the National Environment Protection Guidelines and Environmental and Eco-
nomic Policy” was released by China’s Ministry of Environmental Protection
in November 2011, aggressively exploring green financing is the reason for
this. Since then, the Chinese colour economics policy framework has under-
gone constant improvement, and the country has progressively developed
a new paradigm for financing green growth. We thus choose to evaluate
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the effect of green development financing on the structure of enterprise
optimization by setting an observation time frame for 2012 to 2020. The
China Insurance Yearbook, China Industrial Statistical Annual publication,
and China Statistical Handbook spanning the years 2013–2021 are the main
sources of data used in this study.

3.2 Measuring the Development of National Green Finance

3.2.1 Entropy weight approach
The entropy weight method enhances classic weighting techniques by allo-
cating weights objectively based on data variability, hence minimizing sub-
jectivity. It emphasizes indicators with higher informative value, evaluating
green finance development more responsive to real-world developments. By
combining several variables such as investment, insurance, green credit, and
government support into a composite index, it allows for a more thorough and
comparable assessment across regions, sustainable planning and increasing
policy analysis. The most reliable approach to assigning weight to indicators
is the entropy weight technique, which takes into account each indicator in its
entirety. The following are the steps involved in the entropy weight method
calculation. If n items need to be evaluated, the forward transformation matrix
produced by M evaluation indicators looks like this:

x11 x12 · · · x1m
x21 x22 · · · x2m

...
...

. . .
...

xn1 xn2 · · · xnm


Let Z be the normalized matrix, and Xij stand for the components of

column j and row i in X: For both negative and positive indicators, implement
the appropriate standards. To normalize the matrix, the formula Pij . Xij is

utilized, Pij =
Xij∑n
i=1 Xij

where it is the normalization factor computed by
dividing the sum of each column by n, the total number of rows.

Regarding information entropy (ej), it is a measure of uncertainty or
randomness associated with the distribution of values within a dataset or
system. It is calculated by using Equation (1).

ej = −
n∑

i=1

Pij · log(Pij) (1)
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From Equation (1), where Pij represents the probability of occurrence of
the jth value in the dataset. The information utility value (dj) is calculated as,

dj = 1− ej (2)

From Equation (2), where esh represents the information entropy associ-
ated with the distribution of values within a dataset.

The entropy weight (W) is determined using the formula

Wj =
dj∑n
i=1 dj

(3)

From Equation (3), where di represents the information utility value
associated with the ith variable. Once the comprehensive weight is deter-
mined, it can be applied to each province’s yearly green finance growth level
data. This involves multiplying each province’s data by its corresponding
entropy weight and summing these weighted values across all provinces.
The resulting sum represents the overall green finance development level,
considering the relative significance of different variables in the evaluation.

3.2.2 Index selection of sustainable/green finance
The basic principles of this study are particularity, the scientific approach,
operability, and data accessibility. All current studies are taken into account.
The corresponding selection uses green credit, investment, insurance, and
government assistance as four metrics to assess the provinces of the nation’s
level of green financial growth.

Among these, green credit is an essential component of the economy. In
addition to taking the accessibility of data into account, this study also selects
an index for six industries that require energy and six large energy-consuming
sectors, accounts for expenses of interest as an adverse index, selects an
index for payments of interest or commercial total, and thoroughly assesses
the credit index for investments in sustainability. Green investment takes
environmental considerations into account and evaluates project investments
by the objectives of sustainable and green development. To gauge the relative
level of green finance and its capacity to support green project funding, this
research uses the encouraging indicator for green investments, which is the
GDP percentage invested in pollution prevention.

Green insurance requires that both the environment and the relevant
insurance policy be taken into account. The breadth of ginseng protection
is constrained since environmental pollution hazards in China emerged later.
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Crop insurance and green insurance are closely related, and the extent of
agricultural insurance may be a good indicator of the amount of the equivalent
green insurance. The environment has a major influence on agriculture.
The proportionate ratio of income from agricultural insurance coverage to
agricultural net output value is chosen by this study as a favorable indication
to handle and assess the data. China is the world’s biggest energy consumer
and carbon emitter, making it an important player in global sustainable
finance. Through green bonds and government incentives to promote renew-
able energy, it has improved green finance. By reforming economic laws and
strengthening regulations, China is optimizing its energy market structure.
These efforts promote innovation, improve resource allocation, and encour-
age cleaner industrial development. The use of robust data and advanced
analysis makes China a key reference for other developing nations. Its tran-
sition offers a model for balancing economic growth with environmental
sustainability worldwide.

The proposed method uses agricultural insurance as a proxy for green
insurance due to its strong link to environmental risks and the lack of
dedicated green insurance data in China. Agriculture is highly vulnerable
to climate-related events, making its insurance coverage a relevant indicator
of environmental risk management. The chosen ratio of agricultural insur-
ance revenue to net agricultural output serves as a positive, data-accessible
measure of green finance development.

A thorough assessment of the state of green finance development is
made possible by the addition of a favorable government assistance indicator,
namely the percentage of spending on environmental protection. The chosen
indicators are taken from the statistics yearbooks of many Chinese provinces.
Table 1 presents the selected indicators.

3.3 Measuring New Energy Market Structure Optimization

3.3.1 Evaluation techniques
a) Industrial market structure’s rationalization
An industry’s ability to aggregate quality across industries is referred to as
the rationalization level of the industrial market structure. The degree of
cooperation across industries is one thing, but it should also demonstrate
how effectively resources are being used. Stated differently, it represents the
degree of correlation between the input and output structures of a component.
Regarding this connection, researchers often quantify the rationalization level
of the industrial market structure using the level of structural deviations,
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Table 1 Index selection of green finance
Indicators Description Indicator Characteristics

Green
Investment

The proportion of interest
expenses in sectors with
significant energy consumption
compared to all industrial
sectors’ interest expenses.

Positive

Green Credit

The proportion of GDP
allocated to ecological
pollution prevention
investments

Negative

Green Insurance
Total agricultural production
value divided by agricultural
insurance revenue

Positive

Government
assistance

The proportion of funds
allocated by the government
to environmental preservation

Negative

which is expressed in Equation (4).

S =
n∑

i=1

∣∣∣∣Ki/Li

K/L
− 1

∣∣∣∣ = n∑
i=1

∣∣∣∣Ki/K

Li/L
− 1

∣∣∣∣ (4)

From Equation (4), S stands for the structural deviation level, K for
results, L for employment, if or industrial sectors, and n for the number of
energy sectors in the estimation. Therefore, the Theil index is employed in
this study to assess the rationalization level of the industrial market structure.
The following is the calculating formula for it.

R =

n∑
i=1

(
Ki

K
ln

Ki

Li

)
(5)

From Equation (5), where R represents the Theil index, indicating the
rationalization level of the industrial market structure.

b) Advanced Industrial market structure
A sector’s evolution from minimal to the highest level, from uncomplicated
to complicated goods, and chain of value from low to high ends is referred
to as “upgrading.” The K significance, Moore value, and industrial market
structure hierarchy coeffi-cient are now the primary metrics used to assess
the upgrading of industrial structure. Indicators for the rationalization level
of industrial market structure are chosen and measured in this study primarily
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using the approaches suggested by Wang [30]. According to Wang, who
examined the advancement of industrial market structure using psychological
laws, the primary industry primarily provides for human needs related to sur-
vival, the secondary industry provides for human needs related to enjoyment
through industrial products, and the tertiary industry provides for human
needs related to advanced needs through services. The tertiary industry’s
position must thus grow more significant when the primary energy industry’s
share of the production value decreases, marking an advanced aspect of the
industrial structure.

Various industries are assigned differing levels of importance when
assessing industrial structure development. The tertiary energy sector holds
the highest significance, followed by the secondary energy sector, while the
primary energy sector is accorded the least importance. Wang simplified the
evaluation process by assigning weights of 3 to the tertiary energy sector, 2
to the secondary energy sector, and 1 to the primary energy sector for ease
of computation and understanding. The calculation formula can be succinctly
summarized as follows:

H =
3∑

i=1

Ci × i = C1 × 1 + C2 × 2 + C3 × 3 (6)

The following notation is used in Equation (6): Ci/C, where H is the
coefficient of industrial market structure upgrading; Ci is the resulting level
of the i-th energy sector; and C is the sum of the results of the three energy
sectors. The value of the industrial structure upgrading coefficient (H) ranges
from 1 to 3 . When the coefficient of upgrading the industrial structure
becomes close to infinity, economically speaking, the industrial structure
of a region or a country is at a lower level and suggests a slower pace of
optimization. Conversely, when the coefficient of upgrading the industrial
structure approaches, the industrial structure of a nation or region is at a
higher level, indicating a faster rate of optimization.

3.3.2 Index selection of industrial market structure optimization
Industrial structure optimization is an ongoing procedure that involves each
sector making constant adjustments to support coordinated economic devel-
opment and reach a high level of efficiency and sensible resource allocation.
Most people agree that industrial market structure optimization encom-
passes both industrial system boosting and industrial system rationalization.
The term “rationalization level of industrial market structure” describes an
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Table 2 Index selection of green finance

Indicators Description
Indicator
Characteristics

Rationalized

Industrial
Market
Structure

Rationalized industrial
market structure denotes
to an organizational framework
within industries that is optimized
for efficiency, productivity,
and overall economic performance

Negative

Advanced
Industrial
Market
Structure

The process by which the industrial
topic progresses from a minimal
form to the highest-level form is
known as the advanced industrial
market structure

Positive

ongoing procedure that balances demand and supply for an industry’s struc-
ture while ensuring an appropriate allocation of environmental factors among
industries, contingent upon a particular technological level. The expression of
the rationalization level of industrial structure varies depending on the stage
of economic growth. The process by which the business topic progresses from
a minimal form to the highest-level form is known as the advanced industrial
market structure. Hoffman’s law, Kuzlitz’s law, the allotment-Clark theorem,
and others state that the advanced industrial market structure is characterized
by a decrease in the proportion of primary industry within the industrial
market structure, an increase in the proportion of secondary and tertiary
industries, and ultimately the dominance of tertiary industry [31]. Based
on this, this study analyzes China’s industrial market structure optimization
from two perspectives: advanced industrial structure and rationalized indus-
trial structure, using Spracklen’s technique [32]. Table 2 lists the particular
evaluation indices.

3.4 Mediating Effect

3.4.1 Index selection
The advancement and optimization assessment of the industrial market struc-
ture as well as the sustainable growth index for each province derived from
the aforementioned evaluation serve as the study’s key variables. In the
meantime, the intermediary variable of economic regulation is presented.
Table 3 displays the final empirical model indicators that correspond with
it. The Sobel model test is used to determine whether economic regulation
mediates the impact of green finance on optimizing the new energy market
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Table 3 Index selection of mediating effect
Variable Types Variables

Explanatory variables Green Finance

Financial goods, services, and
investments that promote ecologically
friendly enterprises and endeavors
are referred to as “green finance.”

Explained Variable
New energy
market structure

The new energy market structure
reflects a paradigm shift in the
global energy sector, driven by
technological advancements, policy
changes, and evolving consumer
preferences

Intervening Variable
Economic
Regulation

Economic regulation refers to the
government’s oversight and control
of economic activities within a
particular industry or sector.

structure. It quantifies the indirect effect, validates the proposed causal
pathway, supports hypothesis testing, provides policy-relevant insights, and
distinguishes between direct and indirect effects, offering a clearer under-
standing of how regulatory mechanisms influence the role of green finance in
market transformation. The aforementioned computation serves as the basis
for the indicators of the new energy market structure’s advancement and opti-
mization as well as the degree of green or sustainable finance development.
These calculations will not be repeated. In the meanwhile, this work uses
logarithmic echnique for non-ratio variables to create appropriate models to
remove any potential variability. The proposed method identifies economic
regulation as a mediator between green finance and the new energy market
structure. Using multiple linear regression and the Sobel test, it examines
how green finance influences market structure both directly and indirectly
through regulatory mechanisms. This highlights the crucial role of govern-
ment oversight in enhancing the effectiveness of green finance and promoting
sustainable market development.

The interaction of green finance, economic regulation, and the new
energy market structure is critical for optimizing economic law. Green
finance allocates funding to sustainable projects, necessitating legal mech-
anisms. Economic regulation implements these principles, ensuring that
financial operations are consistent with environmental and market efficiency
objectives. This regulatory control lowers investment risks while increasing
transparency, technical innovation, leading in better resource allocation, and
industrial upgrading. The smooth transition from financial mechanisms to
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regulatory enforcement demonstrates the potential for a more sustainable and
resilient energy market.

3.4.2 Proposed multiple linear regression analysis
Environmental variables, financial sustainability indicators, and legal as well
as regulatory considerations are all examined for their impact on the market
structure of new energy through a multiple linear regression analysis [33].
The Proposed Multiple Linear Regression Analysis (PMLRA) differs from
standard MLR by integrating policy-relevant variables, applying entropy-
based weighting for green finance indicators, and including economic regula-
tion as a mediating variable using the Sobel test. It enhances model accuracy
through comprehensive validation metrics and K-fold cross-validation, and
it outperforms six other regression models in predictive accuracy. Addition-
ally, it employs advanced statistical techniques like contra harmonic and
interquartile means to improve robustness. These features make PMLRA
a more sophisticated and reliable tool for analyzing the impact of green
finance and regulations on new energy market structure. An advantage of
employing multiple linear regression analysis in studying the optimization of
economic law on the market structure of new energy under the background
of sustainable or green finance is its ability to quantify the relationships
between multiple independent variables and a single dependent variable.
This statistical technique provides a structured framework for assessing the
impact of regulatory policies, financial incentives, market dynamics, and
environmental factors on the market structure of the new energy sector.

Market concentration index was used to measure the dependent variable,
market structure, while additional independent factors included carbon pric-
ing methods, renewable energy subsidies, antitrust rules, and the volume of
green bonds issued. Here, the terms “explanatory variable” and “dependent
variable” refer to the types of variables that are explained and independent,
respectively. The proposed method uses multiple linear regression and the
Sobel test to effectively analyze how economic law, green finance, and
market structure interact. Regression quantifies the direct effects of financial
and regulatory factors on market dynamics, while the Sobel test reveals the
indirect influence of economic regulation as a mediator. Together, these meth-
ods capture both direct and indirect relationships, making them suitable for
studying the complex mechanisms that drive new energy market optimisation.

Let the independent variable be x, and the dependent variable be y. Next,
there exist q independent variables with N groups associated to their observed
values: (xV, x2i, . . . , xqi, yi). Equation (7) provides an expression for the
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multiple linear regression formula.
y1 = α0 + α1x11 + α2x12 + . . .+ αqx1q
y2 = α0 + α1x21 + α2x22 + . . .+ αqx2q
. . . .
yN = α0 + αNxN1 + αNxN2 + . . .+ αqxNq

(7)

The formula for the matrix form is y = αx, wherein α represents
the regression parameter, or the unknown parameter in the multiple linear
regression equation. Here, the error between the calculated value y′ and the
observed value y′ at each sample point is estimated using the proposed error
approach in accordance with Equation (8). Afterwards, reduce the error as
stated in Equation (9). whereby e = (e1, e2, . . . , eN )′

ei = error rnew =


√

1
N

∑N
i=1(yi − y′i)

2 + 1
N

∑N
i=1

|yi−y′i|
yi

× 100

2

 (8)

E =
N∑
i=1

e2i = e′e = (y − xα)′(y − xα) (9)

When (x′x)−1 exists, then α′ is equal to (x′x)−1x′y, as per the differen-
tial principle. The least squares estimate of α is shown here. The regression
analysis outcome is either achieved by using the α to obtain the five param-
eters. These include residual sum of squares (Q), regression sum of squares
(V ), statistic value (S), relationship parameter (R), and t statistic values (tj),
which are computed in Equations (10), (11), (12), (13), (14), respectively. The
value of kij is represented in Equation (15), and y′ represents the regression
value of the ith sample point. ŷ represents the sample average of y.

Q =
N∑

(yi − y′i)
2 (10)

V =
N∑
i=1

(y′i − ŷ)2 (11)

S =
V/q

Q/(N − q − 1)
(12)

R =
√
V/(V +Q) (13)
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tj =
α′
j√

kij⌊Q/(N − q − 1)⌋
(14)

kij = (x′x)−1; i, j = 0, 1, 2, . . . , q (15)

Here, the regression equation as well as the original datum are used to
calculate the correlation coefficient R, which indicates the degree of matching
in the calculation. The correlation’s expression is shown in Equation (16).
wherein, x̄ and ȳ represent the mean of the x and y variables, respectively.
It is recommended to use the proposed correlation coefficient to improve the
numerical measures of the direction and strength of the linear link between
variables. Here, the variable x̄ denotes the contra harmonic mean of x.
Compared to the arithmetic mean, geometric mean, or harmonic mean, which
is represented in Equation (17), it is a less often employed measure of central
tendency. Similar to this, ȳ represents the y variable’s interquartile mean.
Extracted 25% and discarded 25% of the data are used to compute the
Interquartile mean, which is defined by Equation (18). The data from only
the first and third quartiles is used.

R(x, y) =

∑
[(xi − x̄) ∗ (yi − ȳ)]

σx ∗ σy
(16)

x̄ =

∑N
i=1 x

2
i∑N xi

(17)

ȳ =
2

N

3N
4∑

i=N
4
+1

yi (18)

4 Empirical Analysis

4.1 Green Finance Evaluation Results

The relevant data collected for this assessment typically includes information
on factors such as investment in renewable energy projects, adoption of
sustainable finance mechanisms, implementation of economic regulations,
and the development of green or sustainable financial institutions. The growth
level of green or sustainable finance is measured using the entropy weight
approach based on relevant data gathered and first-level indicators of the
four aforementioned components. The entropy weight approach is used to
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Table 4 Growth level of green finance (2012 – 2020)
2012 2013 2014 2015 2016 2017 2018 2019 2020

Anhui 0.119 0.133 0.136 0.144 0.156 0.159 0.165 0.173 0.181
Beijing 0.479 0.516 0.551 0.627 0.692 0.759 0.748 0.793 0.839
Chongqing 0.145 0.157 0.166 0.178 0.204 0.205 0.202 0.211 0.22
Fujian 0.154 0.166 0.176 0.194 0.21 0.214 0.214 0.224 0.234
Guizhou 0.104 0.115 0.118 0.121 0.132 0.149 0.141 0.147 0.152
Guangxi 0.144 0.156 0.172 0.178 0.181 0.187 0.203 0.213 0.224
Guang
dong

0.27 0.289 0.3 0.336 0.359 0.395 0.384 0.402 0.421

Gansu 0.104 0.115 0.122 0.124 0.143 0.155 0.146 0.152 0.158
Hebei 0.103 0.111 0.12 0.126 0.13 0.138 0.15 0.161 0.172
Hainan 0.157 0.162 0.163 0.165 0.18 0.181 0.192 0.2 0.208
Henan 0.114 0.123 0.135 0.142 0.156 0.166 0.174 0.186 0.199
Hunan 0.118 0.131 0.141 0.151 0.163 0.176 0.188 0.202 0.219
Hubei 0.127 0.144 0.157 0.172 0.19 0.198 0.19 0.198 0.207
Heilong
jiang

0.11 0.115 0.116 0.124 0.129 0.134 0.138 0.142 0.147

Inner
Mongolia

0.104 0.114 0.118 0.115 0.121 0.121 0.134 0.14 0.146

Jiangxi 0.104 0.11 0.116 0.123 0.132 0.143 0.152 0.162 0.173
Jiangsu 0.242 0.259 0.253 0.28 0.281 0.289 0.319 0.336 0.353
Ji Lin 0.107 0.115 0.121 0.127 0.143 0.144 0.142 0.147 0.152
Liaoning 0.151 0.163 0.166 0.167 0.16 0.166 0.188 0.197 0.207
Ningxia 0.074 0.085 0.099 0.08 0.103 0.088 0.099 0.103 0.107
Qingha 0.108 0.114 0.127 0.127 0.136 0.138 0.144 0.151 0.158
Shaanxi 0.153 0.17 0.175 0.185 0.199 0.199 0.208 0.218 0.227
Sichuan 0.139 0.15 0.159 0.169 0.182 0.193 0.202 0.215 0.228
Shandong 0.184 0.201 0.21 0.22 0.229 0.24 0.267 0.285 0.305
Shanghai 0.234 0.246 0.267 0.285 0.314 0.334 0.354 0.377 0.403
Shanxi 0.117 0.126 0.124 0.126 0.129 0.143 0.141 0.145 0.149
Tianjin 0.233 0.249 0.265 0.28 0.289 0.291 0.331 0.353 0.376
Tibet 0.077 0.078 0.08 0.811 0.0875 0.089 0.093 0.099 0.111
Xinjiang 0.071 0.075 0.081 0.083 0.088 0.089 0.093 0.097 0.101
Yunnan 0.1 0.109 0.116 0.124 0.127 0.142 0.135 0.14 0.145
Zhejiang 0.231 0.256 0.258 0.284 0.294 0.301 0.322 0.339 0.356

calculate the sustainable finance growth level for each province in China from
2012 to 2020, as indicated in Table 4.

4.2 Analysis on Multiple linear Regression Analysis

4.2.1 Error analysis
In Figure 2, the error metric analysis compares the PMLRA Model with
Multiple Linear Regression (MLR), Linear Regression, Support Vector
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Figure 2 Error Analysis on PMLRA and conventional strategies (a) MAE (b) MAPE
(c) MSE (d) MSLE (e) RMSE and (f) R-squared.

Regression (SVR), Logistics Regression (LR), Ridge Regression (RR) and
Lasso Regression. The analysis encompasses metrics such as MAE, MAPE,
MSE, MSLE, RMSE and R-Squared. The effectiveness of the model is
determined by achieving minimal error ratings across these metrics for
optimal performance. When analyzing the MSE across various regression
models with different proportions of training data, discernible trends emerge.
Initially, MLR demonstrates a decline in MSE from 0.231 at 60% training
data to 0.1092 at 90%. Linear Regression exhibits a similar pattern, with
its MSE decreasing from 0.291 to 0.229 across the same range of training
data percentages. This trend is also observed in SVR, where MSE decreases
from 0.272 to 0.217 . However, LR consistently outperforms MLR, Linear
Regression, and SVR, displaying lower MSE values ranging from 0.245 to
0.192 across the same training data percentages. RR and Lasso Regression
also demonstrate competitive performance, with decreasing MSE values. RR
ranges from 0.282 to 0.191, while Lasso Regression ranges from 0.264 to
0.232 . Remarkably, the PMLRA Model consistently outshines all others,
boasting substantially lower MSE values ranging from 0.153 to 0.088 across
the same training data percentages. At 90% of training data, the PMLRA
Model demonstrates the lowest R-squared value of 0.0788, whereas the MLR
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Table 5 K-fold validation analysis on PMLRA and conventional methods

Metrics MLR
Linear
Regression

SVR LR RR
Lasso
Regression

PMLRA

MSE 0.136 0.182 0.181 0.158 0.184 0.186 0.087
RMSE 0.369 0.427 0.425 0.397 0.429 0.431 0.295
MAE 0.181 0.261 0.218 0.237 0.247 0.233 0.123
R-Squared 0.082 0.090 0.094 0.089 0.091 0.094 0.077
MSLE 0.071 0.080 0.083 0.071 0.082 0.083 0.059
MAPE 0.262 0.339 0.302 0.280 0.349 0.358 0.164

is 0.092, Linear Regression is 0.106, SVR is 0.147, LR is 0.120, RR is 0.119
and Lasso Regression is 0.107, respectively.

At 70% of training data, the PMLRA Model demonstrates an RMSE
of 0.3532, which is notably lower than the RMSE values of all other mod-
els. This suggests that the PMLRA Model has superior predictive accuracy
compared to MLR (0.4480), Linear Regression (0.5366), SVR (0.5079), LR
(0.4905), RR (0.4925), and Lasso Regression (0.5026) at this training data.
Simultaneously, at the 80% training data, the PMLRA Model emerges as the
standout performer, boasting the lowest MSLE of 0.0635 . This underscores
its superior performance compared to alternative models. MLR follows with
an MSLE of 0.0801, succeeded by Linear Regression at 0.1066, SVR at
0.1281, LR at 0.1019, RR at 0.0982, and Lasso Regression at 0.1227. In addi-
tion, the PMLRA scheme acquired the least MAPE of 0.223 at the training
data 60%, whereas the MLR, Linear Regression, SVR, LR, RR and Lasso
Regression exhibited maximal AMPE of 0.303, 0.369, 0.327, 0.350, 0.378
and 0.380, respectively.

4.2.2 Statistical analysis on error
In Table 5, a statistical analysis comparing the PMLRA method with conven-
tional strategies is provided. The analysis encompasses key statistical metrics
such as Minimum, Maximum, Mean, Median, and Standard Deviation. The
minimum statistical metric reveals that the PMLRA method achieved the
lowest error rate of 0.089, indicating superior performance in error mini-
mization compared to conventional models. In contrast, conventional models
experienced higher error rates, with MLR at 0.109, Linear Regression at
0.230, SVR at 0.217, LR at 0.193, RR at 0.191, and Lasso Regression at
0.233, respectively. In regard to the median statistical metric, the PMLRA
method stands out with the lowest error value of 0.114, demonstrating its
superior performance. However, the MLR, Linear Regression, SVR, LR, RR
and Lasso Regression scored greater error ratings.
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5 Implications

The study proposes several implications based on the findings and conclu-
sions derived from the establishment of the model under proposed multiple
linear regression analysis. Firstly, it suggests that the government must take
a proactive role in advancing the growth of green finance by establishing
a comprehensive and robust financial system geared towards sustainability.
Additionally, there is a need to strengthen ecological risk management and
oversight of loans to prevent capital from flowing into environmentally risky
ventures, thereby restricting industries with high pollution levels.

Secondly, the government is advised to prioritize investment in green
technology to elevate the level of sustainable financial growth across different
regions and facilitate the optimization and upgrading of industrial structures.
By implementing sustainable development strategies and fostering techno-
logical progress, it aims to achieve a greener and more advanced industrial
landscape. Encouraging global technological innovation and enhancing gov-
ernment support, alongside factors like openness to foreign markets, human
resources, environmental regulations, and urbanization rates, can contribute
to this structural transformation.

Thirdly, it is recommended that the government enhance information
exchange and sharing of green financial resources among different regions to
bridge the developmental gap between eastern and western areas. Leveraging
the rapid development in the east to propel growth in the less developed
central and western regions can foster a nationwide trend of green finance
growth and new energy market structure optimization.

Lastly, there is a demand to support laws and regulations pertaining to
green finance to promote equality, facilitate efficient information dissem-
ination between the government and enterprises, and ensure the smooth
functioning of green finance initiatives. By providing empirical evidence of
the interplay between economic law, sustainable finance, and market structure
in the new energy sector, we have shed light on key factors driving the
transition to a low-carbon economy.

5.1 Limitations and Future Recommendations

Despite the comprehensive scope of this research, several limitations should
be acknowledged. Initially, the results may not be as applicable to other
areas or nations with distinct socioeconomic circumstances due to the study’s
dependence on data from 30 Chinese provinces. Furthermore, the study’s
2010–2020 timeframe might not adequately reflect the dynamic nature of
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developments in the new energy market and green finance, which could have
an impact on the analysis’s accuracy. Moreover, while the Sobel test provides
valuable insights into the mediating effects of technological progress and
economic regulation, it is essential to recognize that mediation analyses are
correlational and do not imply causation. Finally, the study may overlook
other influential factors beyond green finance and economic policies that
could impact the optimization and upgrading of China’s new energy structure.

To address the aforementioned limitations and further advance under-
standing in this field, future research endeavors could adopt a more longitudi-
nal approach, extending the study period to capture more recent developments
and trends in green finance and new energy markets. Moreover, expanding
the geographical scope beyond Chinese provinces to encompass a more
diverse range of regions would enhance the generalizability and applicability
of findings. Additionally, employing mixed-methods approaches, including
qualitative interviews or case studies, could provide deeper insights into the
mechanisms through which green finance influences new energy structure
optimization and upgrading. Furthermore, future studies could explore the
interplay among green finance and other relevant factors like technological
innovation, policy frameworks, and market dynamics to gain a more com-
prehensive understanding of their combined effects. Lastly, incorporating
comparative analyses with other countries or regions undergoing similar
transitions towards sustainable energy systems could offer valuable lessons
and insights for policymakers and practitioners globally.

5.2 Conclusion

The findings of this research underscore the significant role of
green/Sustainable finance in shaping and advancing China’s new energy mar-
ket structure. Through an extensive analysis spanning from 2010 to 2020 and
incorporating data from 30 provinces in China, the study elucidates the piv-
otal impact of green finance in driving environmentally conscious practices
within enterprises operating in new energy markets. By employing theoretical
frameworks of green finance and industrial market structure upgrading and
optimization, the study elucidates the intricate dynamics at play in fostering
a transition towards sustainable energy practices.

Moreover, the market structure of new energy is inherently influenced by
the regulatory environment, which dictates the rules and incentives governing
market participants. By incorporating provisions that incentivize sustainable
investment and penalize environmentally harmful practices, economic laws
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can help channel capital towards projects that contribute to both economic
growth and environmental protection. This alignment between financial
incentives and sustainability goals is fundamental for achieving a transition
to a low-carbon economy. This study was utilized a proposed multiple linear
regression analysis to delve into the drivers of market dynamics within the
new energy sector, specifically concentrating on the optimization of economic
laws to align with sustainability objectives. Through this analytical approach,
we have systematically examined the multifaceted influences shaping renew-
able energy markets, encompassing economic, financial, and environmental
variables.
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