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Abstract 
Europe has initiated a phase characterized by heightened ecological consciousness, facilitating 
its advancements in pursuing the Sustainable Development Goals (SDGs) and stimulating its 
financial growth. This research investigates the correlation between green finance, innovation in 
the industrial sector, and the influence of policy instruments on financial development and 
attaining the SDGs in countries of the European Union (EU). The findings of the analysis, which 
utilizes data spanning from 2000 to 2022, demonstrate a substantial positive correlation between 
green finances and financial growth and SDG fulfillment. In the same way, fiscal stimulus, foreign 
direct investment (FDI), industrial value addition, and ecological technologies stimulate financial 
development. In addition, policy instruments such as carbon levies, green laws, and production-
related mitigation technology have effectively contributed to advancing SDG objectives. In 
contrast, the study finds that challenges such as population growth, economic globalization, and 
traditional energy consumption greatly impede SDG advancement. Notably, the synergistic 
impacts of innovation combined with clean energy adoption appear critical, potentially 
transforming SDG outcomes in the EU. Therefore, the EU should support green finance efforts, 
boost sustainable industrial breakthroughs, and reform its legislative frameworks to mitigate 
globalization and traditional energy use faster to attain its SDG goals.  

Keyword: Green Finances; Sustainable development goals; policy instruments; industrial output; 

Environmental Preservation; Green Innovation; Europe 

JEL Classification: Q55, O33, O44, O16 

                                                           

1 School of Advanced International Studies，Johns Hopkins University，555 Pennsylvania Avenue, 

NW, Washington, D.C., USA. yli609@jh.edu 
2 * School of Economics & Management, Beijing Forestry University, Beijing, China. 
3332504246@qq.com 

3  Department of Economics, University of Science & Technology, Bannu, Pakistan. 
ab.rauf.khattak@gmail.com 

4 Department of Economics, Abbottabad University of Science & Technology, Abbottabad, Pakistan. 
sardarfwad@yahoo.com 

5  Institute for Economic Forecasting, Romanian Academy, Bucharest, Romania, miordan@ipe.ro 
Corresponding Authors: 3332504246@qq.com 

7
. 

mailto:yli609@jh.edu
mailto:3332504246@qq.com
mailto:ab.rauf.khattak@gmail.com
mailto:sardarfwad@yahoo.com
mailto:miordan@ipe.ro
mailto:3332504246@qq.com


 LI, HAO, RAUF, SALEEM & IORDAN 

 Institute for Economic Forecasting 112 

1. Introduction 

Europe is undergoing a substantial change, propelled by a resolute commitment to sustainability 
(Khurshid et al., 2024a). This commitment is creating new avenues for social progress and 
redefining the limits of financial and economic progress (Khan and Khurshid, 2024). Industrial 
innovation convergence and its various impacts on monetary, economic development, and 
emission management become paramount in this scenario (Khurshid et al., 2024b). At the 
moment, we must achieve a harmonious equilibrium between sustainability and progress. There’s 
a growing fascination with examining the role of business innovation in advancing both 
environmental conservation and economic success as Europe embraces more sustainable 
practices (Li et al., 2023). The European Union recognizes the need to broaden the scope of the 
SDGs in light of the industrial chain’s substantial influence on ecological degradation throughout 
Europe (Wang et al., 2022). The EU Commission has officially embraced the Responsible 
Consuming and Production and Corporate Policies Plan of Action (Lélé, 1991) to endorse EU 
sustainable product policies. The European Union member states have exhibited a noteworthy 
commitment to achieving the Sustainable Development Goals (Khurshid et al., 2023a). 
Nevertheless, prior studies showed that the region had not managed to effectively promote 
ecologically sustainable industry and consumerism (Usman et al., 2022). 

The current context has witnessed significant attention towards advances in technology aimed at 
mitigating environmental degradation and achieving the SDGs (Khurshid and Khan, 2021). The 
methodical analysis of the effect of scientific progress on attaining SDGs has achieved minimal 
advancements over the years. In recent empirical research, Khan et al. (2022) and Khurshid et 
al. (2024d) have shown persuasive evidence regarding the substantial influence of innovation in 
alleviating GHG emissions. The United Nations views innovation—crucial to technological 
advancement—as a key indicator of the SDGs (Saleem et al., 2024). Governments are 
implementing reforms in their industrial sectors to meet the SDGs’ aims, focusing on enhancing 
green procedures (Xie et al., 2022). Certain countries, such as Sweden, Denmark, and Norway, 
have made some headway toward achieving these noteworthy achievements (Chen et al., 2023). 
However, many countries worldwide have not adequately implemented strategies to aid the 
adaptation process to climate change’s consequences (Cheng et al., 2021). The industrial sector 
can have huge and far-reaching environmental repercussions from implementing ecologically 
beneficial technology, such as grid modernization, renewable energy sources, and carbon 
storage systems (Ulucak & Khan, 2020). However, the adoption of these technologies is hindered 
by various barriers, such as high costs and a lack of infrastructure. Governments, businesses, 
and research institutions must work together to solve these problems and accelerate the transition 
to a more sustainable future. 

Europe’s sustainability strategy places a strong emphasis on green finance. The industry has 
experienced rapid and significant expansion since financial instruments have been essential in 
directing funding for endeavors that promote sustainable development (Khurshid et al., 2022a). 
These financial tools are necessary to support green infrastructure, clean energy projects, and 
other SDG-related activities (Khurshid et al., 2020). A notable instance of such an endeavor is 
the European Green Deal,  which aims to make sustainable investments totaling at least €1 trillion 
over the next ten years to make the continent carbon neutral (Khurshid et al., 2022b). 
Furthermore, these financial mechanisms support environmental goals and provide attractive 
returns for investors, making sustainability a viable option. As the demand for sustainable 
investments continues to rise, more opportunities for green financing are expected to emerge in 
the global market. The green finances encourage investors to focus on the long-term benefits of 
environmentally conscious projects. This can lead to greater financial returns and a more 
sustainable future (Duan et al., 2024). As a result, it leads to green innovation in various industries 
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and sectors. This shift will strengthen the financial sector and help achieve the SDGs, ultimately 
contributing to a healthier planet for future generations. 

Industry and finance are interdependent, with innovation driving financial growth (Khurshid et al., 
2024c). Similarly, technology innovation relies on the financial system for support and efficiency 
(Qiang et al., 2019). The process involves gathering and analyzing data, dispersing risks, and 
providing finance (Lv et al., 2021). Effective financial sectors boost stock market performance and 
economic activity, making them more enticing to investors. The financial sector is crucial for GDP 
growth because it encourages FDI and optimizes growth (Khan et al., 2022). The extant literature 
investigates the correlation between technological innovation and financial development in the 
theoretical framework concerning financial performance growth and development (Khurshid et al., 
2024d). The financial system has a significant role in keeping up with cutting-edge technology 
and enhancing efficiency. This is accomplished through various processes involving acquiring 
data and analysis, risk diversification, and credit allocation. Finance, in opposition to the “New 
Normal,” has been crucial to sustaining economic growth and advancing industrial restructuring 
(Wen et al., 2021). In addition, financial institutions have also been instrumental in providing the 
necessary funding and resources for research and development in emerging technologies. 
Integrating green finance and technology has become increasingly important in driving economic 
growth and achieving the SDGs.   

In light of the preceding, the research aims to inspect the intricate links in the European context 
among green finances, industrial optimization, financial development, and sustainable growth. 
The research objectives can be adequately expressed in the following manner: 

 How does innovation in industry and green financing contribute to attaining the SDGs in 
Europe? 

 How are trade globalization, green finance, industrial value-added, foreign direct 
investment, and governmental investments contributing to the financial advancement of 
European economies? 

 Does the convergence of industrial automation and green energy contribute to Europe’s 
transition to a sustainable course? 

 What role do financial development, industrial innovation, energy efficiency, 
environmental regulation, ecological taxation, and economic globalization play in 
Europe’s green transformation? 

The article’s originality is derived from its comprehensive perspective, empirical verification, and 
pragmatic suggestions, which make noteworthy additions to the scholarly conversation 
surrounding green finance and industrial strategy within the framework of the European SDGs. 

Firstly, the study examines the role of green financial mechanisms as both funding providers for 
environmentally friendly projects and crucial instruments for promoting broader financial growth 
that aligns with the SDGs. Its dual role facilitates understanding the multifaceted impact of green 
money beyond traditional environmental advantages. 

Secondly, this study explores the interdependent connection between industrial optimization, 
encompassing enhanced efficiency and waste reduction, and its impact on the financial sector’s 
capacity to facilitate sustainable initiatives effectively. This perspective presents a unique 
approach by emphasizing the role of operational enhancements in industries as a driving force 
for improving green financial flows. Lastly, in contrast to several studies on prospective effects, 
this publication intends to employ empirical SDG data to assess the efficacy of current policies 
that combine green financing with industrial and financial optimization to achieve SDGs. This 
empirical method provides a firm foundation for policy suggestions for policymakers to consider 
when aiming to achieve sustainable development goals. 
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The current investigation is organized into several segments to tackle the research objectives 
analytically. Unit 2 of this research paper scrutinizes earlier studies. Unit 3 details the study 
techniques and defines the factors. Subsequently, the findings and discussion follow. In the last 
part, the conclusion and implications are outlined. 

2. Literature review 

Europe’s commitment to ecological preservation has led to a strong desire to understand the 
intricate relationships between green finance, innovation in industry, FD, and the SDGs. This 
interest has resulted in a growing amount of research investigating how the above variables relate 
to and affect one another. This section provides context for the present studies and critically 
analyzes the available literature.  

2.1. Industrial innovation and sustainable development 

Industrial innovation is essential to solving the socioeconomic and environmental issues 
associated with the global mandate of sustainable development. The literature recently examined 
the relationship between innovation in industry and sustainable development, highlighting the 
prospects and difficulties in this area. 

Environmental sustainability promotion is a pivotal domain in which industrial innovation can 
positively impact sustainable development. Examining the ramifications of technological 
advancements on detrimental emissions has been inactive for a considerable time. However, a 
significant amount of recent research has offered empirical proof of the value of eco-innovation 
in reducing pollutants (Khurshid and Deng, 2021), which can help achieve the SDGs (Khurshid et 
al., 2024f). The necessity to investigate the effect of II on China’s carbon intensity was highlighted 
by research by Ren et al. (2022). The results of the study showed that using II had a positive 
impact on sustainable development by reducing ecological repercussions. Nihal et al. (2023) 
conducted a study to investigate the relationship between economic growth and technological 
advancements in the G8 countries between 1996 and 2020. The findings point to a strong 
correlation between GDP growth and innovation. Lower carbon emissions were linked to green 
innovation, mainly when green technology was applied instead of carbon-heavy options, 
according to Shang et al. (2023). However, studies by academics, such as Jian and Afshan (2023) 
on G-10 countries, Hailiang et al. (2023) on BRICS, Zhang and Chen (2023) on 37 cities in the 
Yangtze River Delta, and Cao (2023) on E-7 countries, showed that II made a substantial impact 
on protecting the environment by lowering carbon footprints (Wang et al., 2023). However, there 
is still an extensive gap in the research regarding a detailed look at how industrial innovation 
affects pollution and sustainability from an industrial point of view. This argument is true for 
industrialized nations such as Europe, where pollution is mainly a result of industrial activity. 

2.2.  Green Finances, FD, and SDGs 

Sustainable development is becoming more important in tackling environmental and social issues 
worldwide. However, attaining the SDGs will necessitate enormous financial backing, which 
conventional financial channels may be unable to offer (Khurshid et al., 2024b). Green finance 
has emerged as a critical tool for raising the cash required to promote sustainable development 
in this setting. Green finance supports ecologically sustainable economic activity with financial 
goods and services (Rajeev and Chakraborty, 2023). This includes green programs like green 
power, energy efficiency, and agricultural sustainability. The acknowledgment that traditional 
financial approaches may not be adequate to meet these difficulties, greater broad recognition of 
global warming, and the necessity for equitable growth have all led to the expansion of sustainable 
financing (Ngo et al., 2022). Banga (2019) and Flammer (2021) state that these financial 
instruments comprise ecological investments, loans, and bonds. Those looking to make their 
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investments more environmentally conscious demand these financial systems. Therefore, 
numerous scholarly investigations have underscored the capacity of green finance to bolster the 
achievement of the SDGs (Khurshid et al., 2022a). Wang et al. (2019) explored how green finance 
can achieve SDG 13 and SDG 7. The study concluded that green finance efforts like renewable 
energy investments and energy efficiency upgrades can considerably reduce carbon footprints 
and promote sustainable energy availability. Green bonds have become a notable instrument 
within the realm of green finance. The purpose of these fixed-income instruments is to provide 
funding for environmentally advantageous activities (Flammer, 2021). The alignment of profits 
from green bonds with particular SDGs has been studied recently. Bhutta et al. (2022) examined 
the effects of Swedish green bonds on several SDGs. Their research found that the SDGs—SDG 
11 and SDG 7—were the main beneficiaries of green bonds (Khurshid et al., 2023b). The articles 
stressed the significance of thorough reporting and openness procedures to efficiently guarantee 
that green bond funds are allocated to sustainable projects. 

Green financing can significantly advance the SDGs, but several obstacles remain. These include 
a lack of established definitions and measures, a scarcity of green financial products, and 
questions about the financial sustainability of sustainable investments (Taghizadeh-Hesary and 
Yoshino, 2020). They also underlined the significance of fostering public-private cooperation and 
bolstering institutional capability to expand green financing initiatives. Recent studies have also 
investigated novel methodologies in the realm of green finance. For example, Arshad et al. (2023) 
looked into how blockchain and digital technologies could make green financing solutions 
possible. Their research demonstrated how artificial intelligence, blockchain technology, and big 
data analytics can improve the handling of risks, openness, and oversight in green finance 
initiatives. 

The literature implies that green finance can mobilize financing for a sustainable future to help 
achieve the SDGs. The growing acknowledgment of green finance, supportive legislation, and 
novel financial tools offer significant potential to expedite the shift to a more sustainable future. 

2.3.  Industrial Innovation and FD 

Industrial innovation can have far-reaching and intricate effects on financial growth. According to 
Khurshid et al. (2024a), industrial innovation can foster the development of new industries, goods, 
and services, thus opening up fresh avenues for investment and stimulating economic expansion. 
Furthermore, industrial innovation can potentially raise the profitability and investment of current 
industries by enhancing their competitiveness and efficiency (Khan et al., 2024). Furthermore, the 
emergence of fresh investments and financial instruments that facilitate financing expansion and 
innovation can aid in advancing financial markets. For example, ESG investments such as green 
bonds have emerged in response to the growing need for green investments and the necessity 
to fund eco-friendly initiatives and technology (Flammer, 2021; Khurshid et al., 2024d). Moreover, 
industrial innovation can promote financial development by improving funds’ availability and 
alleviating financing limitations. According to Duan et al. (2024), small and medium-sized 
businesses can benefit from new channels for financing and a decrease in reliance on 
conventional banks thanks to innovative financial technologies like blockchain, peer-to-peer 
funding, and crowdfunding. 

Notwithstanding these obstacles, the connection between FD and industrial innovation is 
complex. Economic innovation within the industrial sector has the potential to generate 
unexpected risks and uncertainties, thereby engendering financial turbulence and volatility. Elliott 
et al. (2021) argue that swift technological progress can result in the demise of conventional 
enterprises and the emergence of novel marketplaces and power dynamics. These developments 
can significantly impact monetary stability and regulatory frameworks (Li et al., 2023; Khurshid et 
al., 2022b). Financial development has various problems, even while industrial innovation 
presents intriguing possibilities (Ma et al., 2023). The factors above encompass the necessity of 
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establishing strong regulations to guarantee financial stability and safeguard consumer interests, 
along with advancing the digital infrastructure and competencies to facilitate the integration of 
cutting-edge financial technology (Xuanling and Meng, 2023). 

In conclusion, industrial innovation positively and negatively affects financial development; the 
relationship is intricate and multidimensional. Moreover, the mechanisms, dynamics, and policy 
and regulatory consequences of this relationship for financial development need further study. 

3. Data and Method 

3.1. Data 

The empirical association of green finances (GFN), industrial innovation (II) with SDGs, and 
financial development (FD) is evaluated for 25 European nations together with other relevant 
independent variables. The chosen period spans from 2000 to 2022, determined by 
considerations of access to data and coherence. The data utilized in this study has been sourced 
from the OECD statistics published on the website OECD-ilibrary.org/statistics and sustainable 
development report (https://dashboards.sdgindex.org/explorer). The data is converted to 
logarithm form before the empirical testing. Table I presents a comprehensive summary of the 
parameters utilized in this research. 

Table 1. Variables description 

Variable Abbrev. Variable Abbrev. 

Financial Development FD Industrial Innovation II 

Energy efficiency EEF Fiscal expenditure FE 

Financial globalization FGB Economic globalization EGB 

Energy consumption in industries ECI Environmental Policy EPY 

Ecological Taxes ETX Green Finances GFN 

Total population POP Industrial Value added IVA 

Production based emission PBE Renewable energy RNG 

3.2. Empirical Modeling 

The panel regression framework incorporates two dependent variables, namely FD and SDG. 
This study examines the influence of GFN and II on the FD and SDG through the individual 
estimation of three mathematical models, which are presented in the following formats: 

𝑙𝑛𝐹𝐷𝑖𝑡 =  𝑓(𝑙𝑛𝐼𝐼𝑖𝑡 , 𝑙𝑛𝐺𝐹𝑁𝑖𝑡, 𝑙𝑛𝐹𝐸𝑖𝑡, 𝑙𝑛𝑇𝐺𝐵𝑖𝑡, 𝑙𝑛𝐼𝑉𝐴𝑖𝑡, 𝑙𝑛𝐹𝐷𝐼𝑖𝑡)                                    (1) 

where FD is the dependent variable while parameters II, GFN, FE, TGB, IVA, and FDI exhibit 
independent variables. The following two models, which incorporate the concepts of SDGs, FD 
and GFN, can be expressed in Equations 2 and 3. 

𝑙𝑛𝑆𝐷𝐺𝑖𝑡 =  𝑓(𝑙𝑛𝐺𝐹𝑁𝑖𝑡, 𝑙𝑛𝐸𝑃𝑌𝑖𝑡, 𝑙𝑛𝐸𝐶𝐼𝑖𝑡, 𝑙𝑛𝑃𝐵𝐸𝑖𝑡, 𝑙𝑛𝑃𝑂𝑃𝑖𝑡, 𝑙𝑛𝐼𝑁𝑅𝐸𝑖𝑡)                                   (2) 

𝑙𝑛𝑆𝐷𝐺𝑖𝑡 =  𝑓(𝑙𝑛𝐸𝑇𝑋𝑖𝑡, 𝑙𝑛𝐸𝑃𝑌𝑖𝑡, 𝑙𝑛𝑅𝑁𝐺𝑖𝑡, 𝑙𝑛𝑀𝑇𝑃𝑖𝑡, 𝑙𝑛𝐹𝐷𝑖𝑡, 𝑙𝑛𝐸𝐺𝐵𝑖𝑡)                                   (3) 

The subject parameter SDGit in Equations 2 and 3 is dependent variables, whereas GFN, RD, 
ECI, EPY, ETAX, and REG coefficients exhibit temporal variability.  
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3.3. Methodology 

This investigation uses the following techniques to achieve its objectives. Figure 1 shows the 
process flow chart. Following descriptive stats, the investigators conducted a cross-section 
dependence (CRSD) analysis to assess the influence of perturbs on panel data (Wang et al., 
2022). The absence of CRSD in a study can lead to misleading results (Pesaran, 2015). The data 
is tested for cross-sectional dependence using the CRSD test suggested by Pesaran (2015). The 
Westerlund panel co-integration approach (2007) is used to examine the correlations between 
the variables. The results of this method rely on panel statistics (Pt, Pa) and group statistics (Gs, 
Ga). The Westerlund (2007) error-correction-based tests are founded on the theorem of Engle 
and Granger (1987). It states that the two variables co-integrate if an error correction 
representation exists for either or both of the variables.  

The reliability of first-generation unit-root tests is undermined if it is demonstrated that CRSD 
exists in the panel data. The second-generation tests, especially Pesaran’s (2007) CIPS test, are 
used in this study to find a unit root. Next, test for co-integration after reviewing the variable’s 
integration order. This is done with the Westerlund (2007) co-integration panel test. This 
technique addresses autocorrelation, CRSD, and structural break. The null hypothesis states that 
the parameters have no long-term association. Pedroni (2004) highlighted that this approach can 
help reduce estimation bias when factors are stationary at both the level and first difference. 

This study uses the Pooled MG approach (PMG-ARDL) to examine the long-term and short-term 
association among the parameters under investigation. This examination verifies the 
assessments’ reliability (Pesaran et al., 1999, 2001). Furthermore, variables must be co-
integrated in the same integration sequence in order to reveal the long-term correlations 
(Johnsen, 1988; Phillips & Hansen, 1990). However, the Pesaran & Shin (1995) ARDL approach 
applies when the variables are mixed correlated or stationary at the level or first difference. 
According to Pesaran et al. (1999), the PMG-ARDL technique incorporates reaction slacks and 
descriptive properties, hence yielding dependable coefficients even in the presence of 
endogeneity.  

The current study utilizes the Engle and Granger approach to validate the results. The Engle-
Granger methodology is a commonly employed technique for examining the presence of co-
integration among two or more time series. The following is a detailed step-by-step description of 
the Engle-Granger methodology. The initial stage entails evaluating whether the individual time 
series integrate in the same order. Next, an OLS regression will be conducted to calculate the 
residuals and represent the long-run relationship. The series are co-integrated if the residuals are 
stationary. Finally, conducting tests on short-term fluctuations while also considering the long-
term equilibrium of variables (Engle and Granger, 1987).  

Figure 1. Research Flow Chart 
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4. Results and Discussion 

4.1. Primary Results 

Table 2 presents the descriptive statistics for all variables prior to analysis, allowing for statistical 
investigation of the variables. PBE has the greatest average value among the parameters that 
indicate different facets of industrialization. On the other hand, the indicator EPY shows the 
smallest mean value. It is also important to note where the PBE approach yields the most notable 
standard deviation, with FD displaying the next-highest number. This suggests that a significant 
amount of volatility is present in each of PBE and FD. However, most variables have modest 
standard deviation values, indicating that the variability is restricted while their averages fairly 
represent the true values. The findings of the CSRD test validate the alternative hypothesis. The 
results of this investigation confirm the existence of CRSD in a sample that includes all EU 
nations, thus emphasizing their interdependence. Furthermore, Table 2 illustrates the results of 
the CIPS test. It is apparent from the outcomes that stationarity is present for each of the factors 
concerning the first difference. As a result, few of these characteristics show stationarity at the 
level, whereas the majority are incorporated at the first difference. Therefore, in the case of PMG 
(ARDL), the error correction-based panel co-integration techniques are more appropriate 
(Khurshid et al., 2023a). 

Table 2. Descriptive-unit root and Cross-Sectional outcomes 

Stats MEAN STD. DEV. VAR SKN KTS MAX MIN 

CIPS CD-test 

Level 1-diff 
 

SDG 77.96 3.520 12.39 0.220 2.645 86.76 69.66 -2.489** -4.983*** 56.49*** 

PBE 140.7 189.2 358.1 2.093 7.028 846.9 1.470 -2.516** -4.351*** 38.47*** 

GFN 9.119 1.703 2.901 -0.240 2.220 12.28 5.159 -1.864 -4.505*** 55.99*** 

II 46.59 12.85 165.2 1.608 8.767 130.5 17.48 -3.33*** -5.643*** 8.54*** 

EGB 78.77 6.969 48.57 -0.261 2.221 92.85 57.80 -1.94 -4.568*** 34.02*** 

ECI 16.06 20.24 409.5 1.854 5.696 85.91 0.564 -2.344 -4.916*** 10.99*** 

EPY 1.975 1.009 1.019 -0.087 2.054 4.222 0.001 -5.08*** -6.047*** -2.05*** 

FD 89.09 40.66 1653.5 1.160 5.186 304.6 23.38 -1.323 -3.315*** 13.52*** 

TGB 77.17 7.370 54.32 -0.284 2.180 90.06 56.97 -2.128** -4.09*** 29.99*** 

IVA 24.61 1.712 2.930 -0.243 2.086 27.71 21.04 -1.442 -3.683*** 51.12*** 

REG 31.11 45.22 2044.6 2.026 7.060 250.2 0.010 -1.918 -4.218*** 48.58*** 

 

4.2. Panel Co-integration Results 

The estimation results of the four co-integration analyses recommended by Westerlund (2007) 
are reported in Table 3. The outcomes reject the null hypothesis of no co-integration. This 
indicates that the variables exhibit long-term co-integration in all three models, indicating a stable 
long-term equilibrium relationship among them. 
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Table 3. Co-integration Outcomes 

Statistic Value Z-value Value Z-value Value Z-value 

 1 2 3 

Gt -3.58*** -1.27 -3.25*** 1.05 -2.82** 1.701 

Ga -11.04*** -4.71 -10.65*** 4.87 -11.37** 6.373 

Pt -6.48*** -5.35 -11.83*** 5.87 -13.98*** 5.229 

Pa -8.15*** -4.29 -8.98*** 3.21 -11.76*** 4.689 

Note: *** p < .01, * p < .10, ** p < .05, 

4.3. PMG-ARDL outcomes 

This study investigates how II and GFN affect FD and SDGs in a panel setting through the PMG-
ARDL method. The outcomes produced by using the three models are summarized in Table 4. 

The results of empirical model 1, which has FD as the dependent variable, show that all of the 
independent variables—II, GFN, FE, IVA, FDI, and TGB—significantly drive up FD in EU countries 
in the long and short run. This confirms the significance of the variables chosen in determining 
the FD status of the European countries and, additionally, pinpoints the possible areas that 
policymakers should focus on to improve the FD of the EU countries. The results display that II 
causes a 31% change in FD, whereas GFN promotes it by 121.2% in the countries’ understudy 
in the long run. Whereas 33.6% and 210.8% in the short run. The outcomes support the findings 
of Khurshid et al. (2024d) and Khan et al. (2024). This underscores the significance of these 
factors in shaping the financial development environment of EU countries. Moreover, the findings 
provide specific guidance to policymakers seeking to enhance regional financial development. 
Policymakers can contribute to the economic growth of EU member states and enhance the 
financial sector in several distinct ways. For example, through financial development, green 
investment via FE or FDI can facilitate a transition to a more resilient and sustainable economy. 
It will enhance the IVA, thereby bolstering the TGB’s status. This will ultimately lead to long-term 
sustainable growth and stability in the region. 

Models 2 and 3 show that GFN and MTP positively influence the SDGs, whereas PBE has a 
negative impact in both the short and long-run. The results illustrate that GFN and MTP cause a 
277.7% and 6.1% positive change in SDGs in the long run and 292.3% and 6.6% in the short run. 
In contrast, PBE restricts it to 1.1% and 3.1% in the long-run and short-run, respectively. The 
research findings suggest that aligning production processes with mitigation technologies and 
green finance helps achieve the SDGs. On the contrary, emissions stemming from production 
activities hurt the SDGs. This suggests that conventional production methods might impede 
advancements toward these global objectives by exacerbating environmental degradation. The 
results align with those of Khurshid et al. (2023a). Policy tools such as EPY and ETX are working 
well, benefiting the environment and positively linking to SDGs in both the short and long run. 
Environmental advancements significantly aid policy instruments such as ecological taxes and 
policies. These instruments have a positive relationship with the SDGs, emphasizing their 
importance in encouraging sustainable practices. The results endorse the empirical findings of 
Khurshid et al. (2024f). The results further revealed that ECI, POP, and EGB are hindering the 
SDGs in EU countries. The ECI contributes 3.84%, EGB 17.0% in the long run, and POP 
contributes the most with a coefficient value of 2.283 in the long run; as it upsurges the industrial 
demand, so do emissions. These results highlight the obstacles to sustainable development in 
the EU that come from population growth, economic globalization, and industrial energy demands. 
The significance of the interaction term INRE (innovation*renewable energy) in reaching the 
SDGs emphasizes the critical need for proactive legislative action and technical advancements. 
The coefficient value indicates that INRE helps the EU achieve the SDGs by 134.1% and 199.1% 
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in the long and short run, respectively. This shows how combining clean energy with new 
industrial technologies can help the EU achieve its goal of making better products for the world. 

The study shows that green financing boosts financial development and makes SDGs easier to 
accomplish. Industrial value addition, green innovation, FDI, and government expenditures further 
promote financial development, strengthening economic resilience and sustainability. Similarly, 
environmental laws, production-related mitigation technology, and carbon taxes have advanced 
the SDGs, highlighting the necessity for targeted regulatory measures to advance environmental 
progress. In contrast, growing populations, economic globalization, and industry energy 
consumption are major SDG obstacles in EU countries. The potential transformative impact of 
renewable energy and innovation collaboration on the SDGs suggests that EU member states 
could attain more sustainable goals in both sectors. This detailed analysis highlights the 
complexity of financial, ecological, and policy concerns in sustainable development scenarios. 

Table 4. PMG-ARDL Results 

 
FD 1. SDGs  2. SDGs 

  LR SR 
 

LR SR 
 

LR SR 

__ec  -0.217***   -0.193***   0.072*** 

  (0.014)   (0.051)   (0.001) 

II 
0.310*** 0.336** 

GFN 
2.777*** 2.923*** 

ETX 
2.234** 2.146*** 

(0.101) (0.116) (0.121) (0.101) (1.011) (0.959) 

GFN 
1.212** 2.108** 

EPY 
0.402** 0.781** 

EPY 
0.0611* 0.255* 

(0.545) (0.928) (0.161) (0.360) (0.028) (0.108) 

FE 
1.402*** 0.77** 

ECI 
-0.384* -0.056** 

RNG 
0.050*** 0.055*** 

(0.677) (0.320) (0.123) (0.018) (0.0091) (0.002) 

TGB 
1.16*** 0.96*** 

PBE 
-0.011*** -0.031*** 

MTP 
0.061** 0.066* 

(0.460) (0.275) (0.0025) (0.009) (0.028) (0.021) 

IVA 
2.28** 1.041*** 

POP 
-2.283*** -3.352*** 

FD 
0.433** 0.124** 

(1.04) (0.366) (0.936) (0.916) (0.196) (0.024) 

FDI 
3.645*** 1.904*** 

INRE 
1.341*** 1.991*** 

EGB 
-0.170*** -1.555*** 

(1.035) (0.841) (0.461) (0.852) (0.022) (0.421) 

Con. 
-16.2** -66.3*** 

  
47.18*** -31.63** 

  
43.37*** 44.65*** 

(7.92) -26.1 (17.03) (13.67) (16.93) (17.85) 

Obs. 414 414   414 414   414 414 

Note: *** p < 0.001, ** p < 0.01, * p < 0.05 

4.4. Robustness Outcomes 

The current study utilizes the Engle and Granger two-step process approach to validate the 
results. The results are summarized in Table A (see appendix). The results show that GFN, II, 
MTP, and policy tools all help reach the SDGs and promote financial growth. The results also 
show the significance of II and RNG in putting this region on a path to sustainability. It also 
reinforces what was previously found with the PMG-ARDL. The independent factors had an effect 
similar to what was seen before regarding direction and significance. 

5. Conclusion and Implications 

This study is significant because it evaluates the effects of green finance, industrial sector 
innovation, and various policy instruments on financial development and the achievement of the 
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SDGs in EU member states. The analysis is based on data collected between 2000 and 2022. 
The study sheds light on the interconnected effects of these variables on EU finances and 
ecosystems. 

The results show that green finances positively impact both financial development and 
advancement toward the SDGs. This underscores how important sustainable investment is for 
supporting an eco-friendly economy. Similarly, it has been noted that enhancing financial 
development is greatly facilitated by integrating green innovation and industrial value addition. 
The improvement is facilitated by fiscal expenditures and foreign direct investment (FDI), which 
boost financial growth and support sustainability initiatives. In addition, the study shows the 
effectiveness of policy instruments. The evidence shows that carbon levies, environmental laws, 
and manufacturing-related mitigation solutions all contribute to the successful completion of the 
SDGs. The EU’s policy framework understands the importance of these tools in lowering 
environmental damage and encouraging environmentally friendly business practices. 
Nonetheless, the SDGs are not readily achievable due to conventional energy consumption 
patterns, population growth, and economic globalization. These traits create complications 
requiring new policy solutions to lessen the detrimental impacts they cause.  

The potential synergy between innovation and renewable energy significantly impacts the SDGs. 
This correlation suggests an essential way for EU member states to enhance their efforts towards 
sustainability. The EU can effectively confront the obstacles presented by the current financial 
globalization process and conventional energy consumption by prioritizing the development of 
renewable energy. 

Policy Implications:  

Strengthening Green Finance Structures: EU officials should contemplate augmenting incentives 

for green finance decisions to optimize their beneficial impact on sustainable environmental 
objectives and long-term economic expansion. 

Encouraging Industrial Innovation: Promoting industrial innovation and implementing eco-friendly 

technologies can positively impact economic development and environmental sustainability. 

Revision of Policy Frameworks: Revising policy frameworks is imperative to mitigate the 
detrimental impacts of globalization, population growth, and traditional energy consumption. This 
may necessitate stricter environmental regulations and laws to reduce the industrial sector’s 
carbon footprint. 

Investments in innovations and renewable energy: Renewable energy and related developments 

have demonstrated a substantial capacity to further the SDGs; therefore, the EU should prioritize 
investing in them. Strategic investments in these areas possess the capacity to significantly 
impact the energy sector and contribute to the achievement of broader sustainability goals. 
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Appendix 

The study adopted the Engle and Granger (Engle and Granger, 1987) 2-step process to examine 
the robustness of outcomes. The results in Table A show that lagged residual term (ECT) is 
significant at the 1% and 5% significance levels in all three models. The presence of a negative 
coefficient suggests that any deviations from the long-term equilibrium will be gradually rectified 
over some time. The lagged difference variables exhibit the short-run relationship, and their 
impact is tested on the difference FD and SDG to test the short-run relationship. The dependent 
FD shows the dependent variable with the modeled variables, illustrating the long-run nexus 
between the variables. The outcomes are in line with the findings of PMG(ARDL).   

Table A. Robustness Outcomes 

Model 1 Model 2 Model 3 

D.FD Coef. FD D.SDG Coef. SDG D. SDG Coef. SDG 

L1. resid 
-0.041*** 

(0.011) 

 
 

-0.079** 

(0.039) 

 
 

-0.012*** 

(0.003) 

 

LD. FD 
0.408*** 

(0.046) 

 
LD.SDG 

0.204*** 

(0.050) 

 
LD. SDG 

0.194*** 

(0.050) 

 

LD. II 
0.310*** 

(0.044) 

0.253*** 

(0.060) 
LD.GFN 

2.273*** 

(0.113) 

2.522*** 

(0.315) 
LD.ETX 

1.965*** 

(0.173) 

2.672*** 

(0.304) 

LD. GFN 
1.438** 

(0.709) 

1.452** 

(0.610) 
LD.EPY 

0.370** 

(0.158) 

0.487* 

(0.243) 
LD.EPY 

0.043* 

(0.020) 

0.099*** 

(0.028) 

LD.FF 
0.989** 

(0.431) 

0.948*** 

(0.292) 
LD.ECI 

-0.331** 

(0.120) 

-0.384*** 

(0.073) 
LD.RNG 

0.047*** 

(0.013) 

0.061*** 

(0.020) 

LD. TGL 
1.200*** 

(0.253) 

1.525*** 

(0.413) 
LD.PBE 

-0.017*** 

(0.004) 

-0.015** 

(0.006) 
LD.MTP 

0.051** 

(0.023) 

0.074* 

(0.036) 

LD.IVA 
3.095* 

(1.437) 

2.682** 

(1.070) 
LD.POP 

-3.092** 

(1.382) 

2.134*** 

(0.169) 
LD.FD 

0.277** 

(0.102) 

0.565*** 

(0.117) 

LD.FDI 
3.214** 

(1.151) 

4.097** 

(1.773) 
LD.INRE 

1.016*** 

(0.348) 

1.185*** 

(0.142) 
LD.EGL 

-0.109*** 

(0.031) 

-0.160*** 

(0.034) 

_cons 
0.658 

(0.491) 

 
_cons 

0.347*** 

(0.028) 

 
_cons 

0.325*** 

(0.027) 

 

R2 0.873 0.830  0.915 0.913  0.860 0.905 

F-stats. 13.87*** 446.8***  4.97*** 215.5***  2.46*** 606.8*** 

Note: *** = 1% and ** =5%. 


