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1.INTRODUCTION 

The accelerating impacts of climate change necessitate a robust transition to low-carbon 

energy systems, positioning sustainable finance as a critical element in economic and policy 

discussions. Traditional public funding has proven inadequate for the substantial investments 

required for large-scale renewable energy projects, particularly in energy-intensive regions like the 

European Union (EU). In light of this challenge, green finance has emerged as a strategic 

framework to mobilize private capital for environmentally sustainable initiatives, with green bonds 

serving as a key instrument. These bonds are specifically designated to fund projects that yield 

positive environmental impacts, such as renewable energy infrastructure and climate mitigation 

efforts. Their rapid growth is indicative of rising investor interest in sustainable assets and EU 

regulatory initiatives aimed at aligning financial markets with climate goals. 

The European Union has established itself as a global frontrunner in sustainable finance 

through the integration of green financial instruments within its climate and energy policy 

framework, exemplified by the European Green Deal, the EU Taxonomy Regulation, and the 

proposed EU Green Bond Standard. These initiatives are designed to enhance transparency, 

mitigate greenwashing risks, and channel capital towards projects that align with long-term 

environmental objectives, particularly the expansion of renewable energy systems. Despite notable 

growth in green bond issuance across EU member states, questions remain regarding the efficacy 

of these instruments in delivering tangible environmental benefits. While the primary intent of 

green bonds is to facilitate progress towards Sustainable Development Goal 7 (Affordable and 

Clean Energy), the empirical evidence assessing their actual impact on renewable energy adoption 

is often limited and fragmented (Bachelet et al., 2019; Flammer, 2021). This deficiency highlights 

the importance of systematic, data-driven evaluations that extend beyond mere issuance statistics, 

critically examining the extent to which green bond financing is truly advancing the EU's renewable 

energy transition. 

1.1 Background and problem statement 

The burgeoning field of green finance has garnered increasing attention in both academic 

and policy circles, as the urgency to address climate change and promote sustainable development 

intensifies. Green finance encompasses a range of financial instruments and practices aimed at 

supporting environmentally beneficial projects, with a particular emphasis on those that facilitate 

the transition to a low carbon economy. Among these instruments, green bonds have emerged as a 
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pivotal mechanism for channeling capital into projects that yield positive environmental outcomes, 

such as renewable energy initiatives. The academic literature has expanded significantly in recent 

years, exploring various dimensions of green finance, including the financial incentives associated 

with green bonds, such as the “greenium,” which refers to the pricing advantages that green bonds 

may command in the market. Additionally, research has delved into investor behavior, regulatory 

standards, and the perils of greenwashing where the environmental claims of financial instruments 

may not reflect their actual impact. 

Despite this extensive exploration, a notable gap in empirical research persists regarding 

the effectiveness of green bonds in achieving tangible environmental goals, particularly when 

assessed through the lens of renewable energy metrics. While there is a growing body of work that 

examines the issuance trends of green bonds and their implications for the cost of capital, the 

connection between green bond financing and the actual adoption of renewable energy technologies 

remains underexplored. Although some case studies document successful projects funded by green 

bonds, comprehensive, data-driven evaluations that span multiple countries and provide policy 

relevant insights are conspicuously lacking. This underscores the critical need for further research 

that bridges the divide between green bond issuance and renewable energy adoption on a cross 

national scale, thereby contributing to a more robust understanding of the role of green finance in 

fostering sustainable energy solutions. 

 The problem of the thesis 

Despite the substantial increase in green bond issuance within the European Union, 

empirical research remains scarce regarding the actual impact of green bond-funded initiatives on 

the advancement of renewable energy adoption across member states. This gap underscores the 

need for further investigation into efficacy and outcomes. The problem of the thesis is,  

What is the actual contribution of green bond-funded projects to renewable energy development in 

EU countries? 

1.2 Research aim, objectives & novelty 

The aim of the thesis is to empirically evaluate the relationship between green bond issuance 

and the adoption of renewable energy across European Union countries through a cross-country 

panel data methodology, aiming to provide insights into the efficacy of financial instruments in 

promoting sustainable energy practices. 
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The objectives of the thesis 

To achieve this aim, the study sets the following objectives: 

• To examine trends in green bond issuance across EU member states over the study period. 

• To analyze the relationship between green bond issuance and renewable energy adoption, 

measured by the share of renewable energy in gross final energy consumption. 

• To evaluate whether the impact of green bond financing on renewable energy differs across 

EU regions and institutional contexts. 

• To assess the robustness of the observed relationships using alternative model 

specifications and sensitivity analyses. 

The novelty of the thesis 

This thesis advances the literature on green finance by conducting a macro-level, cross-

country quantitative analysis of green bond issuance and its impact on renewable energy adoption 

within the European Union. Unlike previous research, which has largely concentrated on financial 

metrics, this study employs advanced panel econometric techniques to examine economy-wide 

renewable energy indicators. By establishing a direct link between green bond financing and 

renewable energy outcomes, this work enhances the understanding of green bonds as essential 

policy instruments for achieving Sustainable Development Goal 7 and facilitating the EU’s energy 

transition. 

1.3 The methods deployed by the thesis 

 

This study employs a quantitative research design utilizing panel data econometric analysis 

to explore the relationship between green bond issuance and renewable energy adoption in 

European Union member states from 2015 to 2023. By analyzing annual country-level data, 

renewable energy adoption is quantified as the share of renewable energy in gross final energy 

consumption, while green bond activity is assessed through national level issuance normalized by 

economic size. To effectively isolate the impact of green bond financing, the analysis incorporates 

macroeconomic and institutional control variables, including GDP per capita, carbon emissions, 

energy intensity, population density, and environmental governance indicators. 

This study employs a rigorous econometric framework to analyze the relationship between 

green bond financing and renewable energy adoption in the European Union. Initially, panel unit-

root tests evaluate the stationarity of the variables. Subsequently, panel cointegration tests are 

conducted to explore long-run relationships. Fixed-effects and random-effects panel regression 
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models are estimated, with model selection informed by Hausman tests. To bolster the robustness 

of the findings, additional checks include alternative variable transformations, lagged 

specifications of green bond issuance, and regional subsample analyses. All analyses are executed 

using EViews software, ensuring a comprehensive assessment of the significance and robustness 

of the identified relationships. 

1.4 The description of the structure of the master thesis 

The thesis is structured as follows: 

• Chapter 1: Introduction – outlines the background, problem, aim, objectives, methodology, 

and structure of the study. 

• Chapter 2: Literature Review – discusses theoretical and empirical studies on green finance, 

green bonds, and renewable energy, highlighting existing gaps. 

• Chapter 3: Research Methodology – describes the data sources, variables, and methods used 

in the analysis. 

• Chapter 4: Results and Analysis – presents the empirical findings, supported by graphs, 

tables, and interpretation. 

• Chapter 5: Conclusions and Recommendations – summarizes the research outcomes and 

provides suggestions for future research and policy development. 

1.5 Conclusion 

This thesis addresses a significant gap in the green finance literature by examining the 

tangible impacts of green bond-funded projects on renewable energy adoption within the 

European Union. Despite the growing importance of green bonds as tools for promoting 

environmental sustainability, empirical evidence regarding their effectiveness remains sparse 

and fragmented. Utilizing a robust quantitative methodology across various EU member states, 

this research aims to provide policy-relevant insights and enhance academic understanding. The 

introduction outlines the research problem, aims, and objectives, while subsequent chapters 

critically assess the efficacy of green bond initiatives in fulfilling their environmental promises, 

ultimately guiding policymakers toward more effective green finance strategies aligned with 

Sustainable Development Goal 7. 
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2.THE ANALYSIS OF SCIENTIFIC LITERATURE 

The intersection of green finance and renewable energy adoption represents a critical area 

of exploration within the broader framework of sustainable development. As global concerns 

regarding climate change intensify, the need for effective financial mechanisms to support 

renewable energy initiatives becomes paramount. This chapter systematically reviews and analyzes 

the scholarly literature pertaining to green finance, particularly focusing on the implications of 

green bonds for renewable energy projects across European Union (EU) countries. The review 

delves into the theoretical underpinnings that inform current research, assesses various 

methodological approaches employed in the study of green finance, and synthesizes empirical 

findings that outline the impact of green bond-funded projects. By drawing upon a rigorous analysis 

of more than 40 peer reviewed academic articles, this chapter aims to establish a robust theoretical 

foundation for evaluating the effectiveness of green finance in facilitating renewable energy 

adoption, thereby contributing to the discourse on sustainable development. 

2.1 Conceptual foundations of green finance and sustainable development 

Green finance has emerged as a pivotal area of study, intertwining financial practices with 

environmental sustainability. According to Fatica et al. (2021), green finance is characterized by 

the allocation of financial resources to projects yielding significant environmental benefits, 

including renewable energy initiatives and climate adaptation strategies. This integration not only 

facilitates ecological sustainability but also represents a strategic response to climate change 

challenges. 

Leitão (2021), further contextualizes green finance within the sustainable development 

framework, emphasizing its critical role in achieving Sustainable Development Goals (SDGs), 

particularly SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action). The alignment 

of financial mechanisms with these global objectives underscores the importance of fostering 

investment in environmentally beneficial projects. Overall, the literature suggests that the evolution 

of green finance is crucial for promoting sustainable economic growth while addressing pressing 

environmental issues. 

Green finance encompasses a wide range of financial instruments including: 

• Green Bonds: Green bonds are fixed-income securities specifically designed to finance 

projects with demonstrable positive environmental impacts (Climate Bonds Initiative, 
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2022). Research by Flammer (2021) highlights that the issuance of green bonds has surged 

in recent years, driven by increasing awareness of climate risks and the necessity for 

sustainable investment. The European Commission (2023) reports that green bonds not only 

serve as a tool for capital mobilization but also play a crucial role in aligning financing with 

national climate strategies. 

• Green Loans: Green loans are another important instrument within the green finance 

landscape, where banks issue loans specifically for eligible green projects (Zhang et al., 

2021). The flexibility of this financing option allows for a broad range of environmental 

initiatives, from energy efficiency improvements to renewable energy installations. 

Research by Lee et al. (2020) underscores the potential of green loans to foster sustainable 

development by providing necessary capital to projects that might otherwise struggle to 

secure funding. 

• Sustainability-Linked Bonds (SLBs): Sustainability-linked bonds represent a novel 

approach to green finance by linking the financial characteristics of the bonds, such as 

interest rates, to the issuer's sustainability performance (Gianfrate & Peri, 2019). This 

innovative structure incentivizes issuers to improve their sustainability practices to avoid 

financial penalties. The literature suggests that SLBs can effectively align the interests of 

investors and issuers, promoting a culture of accountability and performance in 

sustainability efforts (Liu et al., 2022). 

• Green Mutual Funds and ETFs: Green mutual funds and exchange-traded funds (ETFs) are 

investment vehicles designed to target environmentally responsible companies (Sullivan & 

Mackenzie, 2020). These funds have gained popularity as investors increasingly seek to 

incorporate ESG factors into their investment strategies. Research indicates that green funds 

can outperform traditional funds, suggesting that sustainable investing may yield 

competitive financial returns (Friede et al., 2015). 

• Public-Private Partnerships (PPPs): Public-private partnerships represent a crucial 

financing mechanism for large scale sustainable infrastructure projects, combining the 

strengths of both public and private sectors (OECD, 2020). These partnerships can enhance 

the efficiency and effectiveness of project delivery while mitigating risks associated with 

financing and implementation. Studies suggest that PPPs can significantly contribute to 

achieving sustainable development objectives by facilitating investments in essential 

infrastructure (Zhang & Chen, 2021).  

The integration of green finance into global financial systems directly supports several UN 

Sustainable Development Goals (SDGs), particularly SDG 7 (Affordable and Clean Energy),    
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SDG 9 (Industry, Innovation, and Infrastructure), and SDG 13 (Climate Action) (United Nations, 

2015). The European Commission (2023) and Climate Bonds Initiative (2022) assert that green 

finance mechanisms align with these goals, providing pathways for countries to transition to low 

carbon economies. Despite this potential, the literature indicates significant challenges in 

measuring the real-world impact of green finance instruments, primarily due to inconsistent post-

project impact assessments and a lack of verifiable data (González et al., 2020).  

Real-World Example: Germany’s KfW development bank issued over €30 billion in green 

bonds between 2018–2023, mainly financing renewable energy infrastructure. Yet, only a small 

proportion of issuers across the EU provide verifiable ex post environmental impact data. 

2.2 Evolution and structure of the EU green bond market 

 

The exponential growth of the EU green bond market over the past decade has been 

underscored by a significant increase in investor awareness and the adoption of robust sustainable 

finance frameworks. According to the Climate Bonds Initiative (2022), Europe constituted 

approximately 48% of the total global green bond issuance in 2021, illustrating its pivotal role in 

the global transition toward sustainable investment. This surge can be attributed to various factors, 

including enhanced regulatory support, such as the EU Green Deal and the Sustainable Finance 

Disclosure Regulation (SFDR), which have collectively fostered a conducive environment for 

green finance (Flammer, 2021; Zeng et al., 2022). Furthermore, empirical studies indicate that 

green bonds not only mitigate climate risks but also enhance portfolio diversification, thereby 

attracting a broader investor base (Karpouzis & Tsoumas, 2022). 
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Table 1  

Key Policy Milestones in the Evolution of EU Green Finance (2014–2023) 

Year  Milestone 
 

 Description 
 

2014 First EU Sovereign Green 

Bond 

Issued by France 

2018 EU Action Plan on 

Sustainable Finance 

Established EU-level strategy 

on green finance 

2020 EU Taxonomy Regulation Created unified classification 

system for green activities 

2021 EU Green Bond Standard 

Proposal 

Introduced framework for 

official green bond 

certification 

2022 SFDR Enforcement Mandated sustainability 

disclosure from financial 

market participants 

2023 European Green Deal 

Integration 
 
Linked green bonds to 

energy and climate goals 
 

Sources: European Commission (2023); Climate Bonds Initiative (2022); Fatica et al. (2021) 

Table 2  

Green Bond Issuance by Country and Sector in the EU (2022) 

Country Total Green Bond Issuance 

(EUR bn) 

Main Sector Funded 

Germany 50.4 Renewable energy, buildings 

France 42.7 Transport, energy 

Netherlands 28.9 Clean energy, water 

Sweden 19.5 Waste, solar energy 

Lithuania 1.2 Public energy projects 

Sources: Climate Bonds Initiative (2022); IMF Working Paper (2021); Energy and Environmental 

Challenges in the EU (2023) 
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The surge in issuance of sustainable financial instruments such as green bonds and social 

impact bonds has been a noteworthy trend in recent years. However, a critical examination reveals 

that the use of proceeds from these instruments remains highly diverse and, in many instances, 

inadequately defined. This vagueness not only complicates the evaluation of their effectiveness but 

also raises questions about their overall impact on sustainability goals. 

A significant concern highlighted in the literature is the lack of harmonized definitions and 

fragmented verification systems across member states (Berensmann et al., 2022). This 

inconsistency restricts the comparability of impact reports and hinders investors' ability to make 

informed decisions regarding the sustainability of their investments. Despite the growing demand 

for transparency and accountability, only a minority of countries have adopted standardized 

practices for publishing post issuance impact reports. 

This discrepancy underlines the urgent need for a cohesive framework that establishes clear 

definitions and verification protocols. Implementing such a framework could enhance the 

credibility of sustainable finance and ensure that the capital raised effectively contributes to 

environmental and social objectives. In light of these challenges, stakeholders must collaborate to 

cultivate a more robust and transparent sustainable finance landscape. 

2.3 Empirical insights on green bonds and renewable energy 

 

Green bonds have emerged as a pivotal financial instrument aimed at fostering investments 

in environmentally sustainable projects, particularly in the realm of clean energy development. 

Despite their conceptual alignment with renewable energy initiatives, the empirical evidence 

substantiating their effectiveness remains sparse. Various studies have endeavored to elucidate the 

relationship between green bond issuance and the advancement of clean energy technologies. 

Researchers have employed an array of data sources, including market reports and project financing 

data, in conjunction with diverse econometric models, to assess this impact. Additionally, case-

based analyses have provided insights into specific instances where green bond financing has 

successfully catalyzed renewable energy projects. However, the heterogeneity in methodologies 

and data quality across these studies presents challenges in deriving conclusive insights. As such, 

while initial findings suggest a positive correlation between green bond issuance and increased 

investment in clean energy, further rigorous research is essential for validating these claims and 

understanding the mechanisms at play. The ongoing exploration of this relationship is critical for 

policymakers and investors aiming to harness green bonds as a viable tool for accelerating the 

transition to a sustainable energy future. 
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Fatica and Panzica (2021) conducted a comprehensive empirical analysis assessing the 

impact of green bond markets on renewable energy investments within the European Union. Their 

research specifically examined the relationship between the development of green bond markets 

and the effectiveness of capital allocation towards renewable energy infrastructure, including wind, 

solar, and hydropower initiatives. The study found a statistically significant correlation indicating 

that countries with more advanced and active green bond markets are more adept at channeling 

investments into clean energy projects. This suggests that the regularity, transparency, and 

supportive policy frameworks surrounding green bond issuance facilitate a greater influx of 

financing into renewable energy sectors. The findings highlight the potential of green bonds as 

instrumental financial vehicles for achieving environmental policy goals, especially when aligned 

with institutional frameworks such as the EU Taxonomy and national sustainable finance strategies. 

Therefore, this research provides compelling evidence that green bonds not only symbolize 

sustainability but can also significantly expedite the transition to renewable energy, thereby 

affirming the central hypothesis of this thesis. 

Karpf and Mandel (2018) investigate the effectiveness of green bonds in the U.S. municipal 

bond market, finding that while these instruments often finance environmentally focused initiatives 

such as clean transportation and renewable energy, inconsistencies in environmental criteria across 

issuers hinder their effectiveness. The absence of a universal taxonomy and enforcement 

mechanisms contributes to variability in project transparency and emissions standards. Nonetheless, 

the authors assert that green bonds can promote sustainability in public finance, particularly when 

local governments prioritize environmental objectives. Their findings underscore the need for 

robust frameworks to ensure genuine environmental benefits from these financial instruments. 

The burgeoning field of green finance has garnered significant attention, particularly 

regarding the performance and impact of green bonds. Bachelet, Becchetti, and Manfredonia (2019) 

explored the pricing dynamics of green bonds, identifying a modest "greenium," which refers to 

the lower yields these instruments often yield compared to conventional bonds. This phenomenon 

suggests that investors may be willing to accept reduced returns in exchange for supporting 

environmentally sustainable initiatives. However, the authors caution that the existence of a 

greenium does not inherently guarantee improved environmental outcomes, highlighting the 

necessity for robust impact tracking and transparent post issuance reporting. 

Extending this investigation geographically, Taghizadeh Hesary and Yoshino (2020) 

employed a panel regression analysis across ASEAN nations, revealing that green bond issuance 

substantially fosters investments in renewable energy infrastructure, particularly in solar and wind 

sectors, when complemented by supportive policy frameworks such as feed in tariffs and tax 
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incentives. This underscores the critical interplay between financial instruments and regulatory 

support to maximize the efficacy of green finance initiatives. 

In the corporate realm, Dorfleitner, Utz, and Wimmer (2021) found that firms with 

enhanced ESG transparency experienced more favorable market reactions post green bond issuance, 

indicating that corporate credibility and sustainability reporting are crucial factors influencing 

investor behavior and legitimizing green finance instruments. 

Flammer (2021) employed a difference in differences methodology to establish a causal 

relationship between green bond issuance and heightened renewable energy investment intensity 

among U.S. firms relative to non issuers. Furthermore, Gianfrate and Peri (2019) demonstrated that 

green bond issuance significantly bolstered the renewable energy portfolios of European utilities, 

especially those backed by public institutions, thereby elucidating the pivotal role of targeted green 

finance in advancing clean energy adoption. 

Alessi, Ossola, and Panzica (2023) employed machine learning techniques to conduct a 

comprehensive analysis of European Union green bond data. Their findings indicate measurable 

reductions in carbon emissions, particularly in projects that specifically target renewable energy 

initiatives. This study underscores the importance of project type specificity in green bond 

effectiveness, suggesting that the environmental benefits derived from green bonds are contingent 

upon the nature of the projects financed. 

Conversely, Gieseke and Schütze (2022) focused their analysis on the German context, 

revealing a more nuanced picture. While green bonds were indeed allocated to sustainable 

infrastructure projects, the portion directed specifically toward renewable energy remained limited. 

This finding highlights a critical gap in the strategic allocation of green finance, suggesting that 

more targeted efforts are necessary to maximize the potential of green bonds in fostering renewable 

energy deployment. 

Expanding the scope of analysis, Azhgaliyeva et al. (2021) conducted a global panel data 

analysis and found that the quality of governance plays a significant moderating role in the 

effectiveness of green bonds for achieving environmental outcomes. Their research emphasizes 

that robust regulatory frameworks and institutional integrity are essential for enhancing the impact 

of green bonds. This highlights the interplay between governance and green finance, suggesting 

that effective policies and regulations are foundational to harnessing the full potential of green bond 

markets. 
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Building on this notion, Wang (2023) undertook a multi country analysis involving 15 

economies, where he identified a strong positive correlation between green bond issuance and 

increased production in wind, hydro, and solar energy. This correlation reinforces the argument 

that green bonds serve as catalysts for energy transition, facilitating a shift toward sustainable 

energy sources. The findings suggest that strategic issuance of green bonds can significantly 

accelerate the growth of renewable energy sectors within various national contexts. 

In a conceptually rich contribution, Shah (2024) proposed a framework that posits that green 

bonds can enhance clean energy investment efficiency when aligned with national energy goals 

and strategic planning. This perspective advocates for a coordinated approach to green bond 

issuance, ensuring that financial instruments are not only available but are also effectively 

integrated into broader national sustainability strategies. By aligning financial resources with 

strategic objectives, the potential for maximizing the impact of green bonds on renewable energy 

investments can be significantly enhanced. 

Demski et al. (2025) further contributed to the discourse by observing that countries with 

stricter environmental regulations tend to exhibit more active green bond markets, coupled with 

notable declines in emissions, particularly in high-pollution industries. This regulatory dynamic 

emphasizes the critical role of government policy in shaping the effectiveness of green bonds, 

reinforcing the notion that supportive regulatory environments are conducive to fostering green 

finance. 

This sentiment was echoed in Tsipas (2024), who found that green bonds are especially 

efficient in promoting renewable energy production in supportive policy environments. This 

consistency across studies highlights the importance of contextual factors in determining the 

success of green bond initiatives. It suggests that merely issuing green bonds is insufficient; rather, 

the surrounding policy landscape must be conducive to realizing the intended environmental 

benefits. 

Finally, Nguyen (2025) presented one of the most comprehensive analyses to date, 

examining data from 192 countries between 2007 and 2021. His study confirmed a significant and 

positive association between green bond issuance and renewable energy consumption on a global 

scale. This extensive analysis further substantiates the argument that green bonds play a crucial 

role in advancing the global energy transition, emphasizing their relevance in the broader context 

of sustainable development. 
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Table 3  

Summary of Selected Empirical Studies on Green Bonds and Renewable Energy Adoption 

Author(s) Scope Method Key Finding 

Karpf & Mandel 

(2018) 

USA (Municipal) Descriptive, Yield 

Analysis 

Green bonds finance 

sustainability; 

standardization concerns 

Leitão (2021) EU case studies Case comparison Clear alignment with 

SDG 7 in Scandinavia 

Le & Pham (2022) EU, cross-country Regression + survey Countries with more 

green bonds for better 

SDG 7 indicators 

Flammer (2021) USA Diff-in-Diff Green bonds drive post-

issuance renewable 

investments 

CEE Effectiveness Central Europe Econometric Impact varies; weaker in 

emerging EU markets 

Fatica & Panzica 

(2021) 

EU Countries Panel Data 

Regression 

Green bonds linked with 

higher renewable energy 

investments 

Bachelet et al. 

(2019) 

Global Pricing Analysis Modest greenium; weak 

environmental outcome 

linkage 

Taghizadeh-Hesary 

& Yoshino 

ASEAN Panel Regression Policy support boosts 

green bond effectiveness 

Dorfleitner et al. 

(2021) 

Europe ESG Score 

Comparison 

Market response tied to 

ESG transparency 

Gianfrate & Peri 

(2019) 

Europe Firm-Level Analysis Green bonds aid 

renewable expansion, 

especially public issuers 

Alessi et al. (2023) EU Machine Learning Green bonds reduce CO₂ 

when used in renewable 

energy 
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Gieseke & Schütze 

(2022) 

Germany Qualitative Case 

Analysis 

Green bonds often not 

directed at renewable 

energy 

Azhgaliyeva et al. 

(2021) 

Global Panel Regression Governance moderates 

green bond impacts 

Wang (2023) 15 Countries Time-Series 

Regression 

Strong correlation with 

solar, wind, and hydro 

energy growth 

Shah (2024) Global Efficiency Modeling Efficiency depends on 

green bond targeting 

Demski et al. (2025) Global Sectoral Emissions 

Study 

Environmental policy + 

green bonds = CO₂ 

reductions 

Tsipas (2024) EU and Asia Comparative Study Project selection critical 

to green bond success 

Nguyen (2025) Global (192 

countries) 

Longitudinal 

Regression 

Significant positive link 

to renewable energy 

consumption 

Recent empirical research has focused on evaluating country level renewable energy 

capacity, particularly the share of renewable energy in final energy consumption. Studies conducted 

by the International Monetary Fund (2021) and Green Finance & Sustainability (2022) indicate a 

positive correlation between sovereign green bond issuance and renewable energy generation. For 

instance, countries such as France, Sweden, and Germany, which have issued significant amounts 

of green bonds, experienced more consistent increases in renewable energy output from 2015 to 

2021. However, establishing a causal relationship is complicated by confounding factors, including 

pre-existing national subsidies and diverse policy frameworks that may influence both green bond 

issuance and renewable energy performance. Thus, while the correlation offers valuable insights, 

further analysis is necessary to disentangle these interdependencies and ascertain causation. 

Recent research endeavors have sought to differentiate the impact of green bonds from 

conventional public funding mechanisms. A notable study conducted in 2022, which analyzed 

dynamic connectedness across OECD economies, found that green bond issuance exerted 

statistically significant effects on renewable energy investments; however, these effects were 

notably time lagged. This phenomenon was particularly pronounced in markets characterized by 
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robust Environmental, Social, and Governance (ESG) investor bases, suggesting that the presence 

of committed investors may enhance the effectiveness of green bonds in mobilizing capital for 

sustainable initiatives. 

A comparative analysis of five EU countries reveals that sovereign green bonds exert a 

more stable influence on renewable energy adoption compared to corporate green bonds. This 

stability is attributed to the stringent government level disclosure requirements and rigorous 

monitoring of use of proceeds associated with sovereign bonds. The findings underscore the critical 

role of regulatory frameworks in steering investment towards sustainable energy solutions, 

suggesting that enhanced oversight may bolster the effectiveness of green finance initiatives. Such 

insights are essential for policymakers aiming to optimize the impact of green bonds on renewable 

energy transitions (Energy and Environmental Challenges in the EU, 2023). 

The empirical literature surrounding green bonds reveals a nuanced understanding of their 

impacts, particularly concerning the temporal dynamics of these financial instruments. Event study 

methodologies, such as those employed by Flammer (2021), indicate that announcements regarding 

green bond issuances tend to yield positive effects on stock prices and enhance Environmental, 

Social, and Governance (ESG) ratings. However, these short-term financial benefits do not 

necessarily correlate with tangible advancements in infrastructure development within a 12 to 24 

month timeframe. This discrepancy highlights a potential misalignment between the immediate 

responses observed in financial markets and the longer term sustainability outcomes that green 

bonds aim to promote. 

Moreover, while a general consensus exists on the positive relationship between green bond 

issuance and progress towards renewable energy targets, the literature presents a fragmented 

understanding regarding the magnitude, timing, and direct causality of these effects. This 

inconsistency highlights a critical gap in research, underscoring the necessity for a more structured, 

cross country quantitative analysis. Such research should prioritize isolating renewable energy 

adoption as a dependent variable, rigorously testing its correlation with green bond funding 

intensity over time. Addressing these gaps in empirical evidence is essential for advancing both 

academic understanding and practical policy formulation in the realm of sustainable finance. 

 Recent findings indicate that while green bonds are frequently allocated to renewable 

energy initiatives, the causal relationship between green bond issuance and tangible environmental 

outcomes is inadequately explored and varies across different contexts. This ambiguity highlights 

the necessity for improved post issuance reporting and the development of project level metrics. 
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Additionally, cross border comparisons are essential to comprehensively assess the overall impact 

of green bonds on sustainability goals. Such measures will enhance transparency and accountability, 

ultimately fostering a more effective financing mechanism for renewable energy projects. 

2.4 Challenges: greenwashing, transparency, and data gaps 

 

Despite the increasing popularity and institutionalization of green bonds, significant 

challenges remain that hinder their effectiveness in supporting sustainable development and 

facilitating renewable energy transitions. Key issues include a lack of standardized definitions, 

varying degrees of transparency, and the potential for greenwashing, which can undermine investor 

confidence and the true impact of financing. Addressing these challenges is essential to enhance 

the credibility and efficacy of green bonds as a tool for promoting environmental sustainability. 

They are, 

• Greenwashing concerns: The green bond market faces significant scrutiny due to the risk 

of greenwashing, wherein issuers may misrepresent the environmental benefits of their 

financial products. Bachelet et al. (2020) highlight that the lack of universally enforced 

standards permits some entities to channel funds into projects that are only marginally 

beneficial or even detrimental to the environment. This issue is particularly pronounced in 

emerging EU markets, where inadequate monitoring mechanisms exacerbate the potential 

for misleading claims. Establishing robust regulatory frameworks is essential to enhance 

the credibility of the green bond market and ensure genuine environmental impacts. 

Flammer (2021) and the International Monetary Fund (2021) caution that the lack of 

stringent project selection criteria and independent auditing for green bonds may undermine 

their intended impact, potentially reducing them to mere reputational tools. This concern is 

underscored by instances where major energy corporations have issued green bonds while 

simultaneously maintaining substantial investments in fossil fuel projects, highlighting a 

critical need for enhanced accountability in the green finance sector. 

• Lack of standardized reporting & impact verification: The current landscape of post 

issuance impact reporting for green bonds is characterized by significant fragmentation and 

inconsistency, as highlighted in reports by the Climate Bonds Initiative (2022) and 

Unmasking Greenwashing (2023). A mere fraction of green bond issuers provides 

verifiable ex-post data on their environmental outcomes, creating challenges for investors. 

This inconsistency is evident even among sovereign issuers, whose impact reports differ 

markedly in format, frequency, and depth. The European Union has made strides to 

standardize this process through the EU Green Bond Standard and the Sustainable Finance 
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Disclosure Regulation (SFDR). However, the enforcement of these regulations remains in 

flux. Such gaps hinder investors' ability to effectively compare projects and ascertain 

whether the bonds genuinely support renewable energy initiatives or climate adaptation 

efforts. 

• Fragmented verification mechanisms: Despite the availability of third party certification 

frameworks, such as the Climate Bonds Standard and Second Party Opinions (SPOs), their 

adoption remains optional. Consequently, many green bonds are underpinned by internally 

developed frameworks, which heightens the risk of fund misallocation or misuse. 

Furthermore, third-party reviewers often encounter limitations, including restricted access 

to comprehensive project data and a lack of authority to enforce compliance after issuance. 

These challenges underscore the importance of robust oversight mechanisms to ensure that 

green bond proceeds are utilized effectively and transparently. 

• Regional inequalities in data and capacity: Eastern and Southern EU countries frequently 

face challenges regarding the institutional capacity and market maturity necessary for 

effective green bond monitoring. In Lithuania and other Central and Eastern European 

(CEE) nations, the prevalence of certified green bond issuers remains low, and local banks 

exhibit limited expertise in managing sustainability-linked financial instruments. This 

situation impedes the development of a robust green finance ecosystem in these regions, 

highlighting the need for enhanced capacity building initiatives and market development. 

The paper “Effectiveness of Green Bonds in Selected CEE Countries” (2023) highlights 

that national level reporting frameworks frequently fall short in providing the necessary 

detail to effectively monitor renewable energy impacts associated with green bond 

financing, thereby undermining transparency in sustainable investment outcomes. 

• Misalignment with long term energy goals: The alignment of green bonds with renewable 

energy infrastructure investments presents a notable challenge due to the typical time 

horizon of 5 to 10 years associated with these financial instruments. This mismatch can 

hinder the achievement of long-term objectives, such as significant emissions reductions 

and energy independence, as the benefits of bond-financed projects may not manifest within 

the bond's duration. While short-term financial returns and ESG ratings may show 

improvement, the inability to directly attribute long term impacts to specific projects 

undermines the efficacy of green bonds as sustainable financing mechanisms. 

• Investor uncertainty & trust deficit: Institutional investors are often reticent to commit 

substantial resources to green bonds due to concerns over reputational risks associated with 

potential misallocations. This caution impedes capital mobilization efforts, particularly in 

lower income EU nations where financing is critically needed. Furthermore, insufficient 
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transparency and a lack of verifiability in green finance initiatives exacerbate the erosion 

of trust within the ecosystem, hindering overall investment flows and the effectiveness of 

sustainable financing strategies. 

These challenges currently facing the green bond market highlight the critical need for 

enhanced regulatory alignment, independent verification mechanisms, and robust post issuance 

impact tracking. As the market evolves, the lack of transparency and accountability may undermine 

its potential to achieve meaningful environmental and developmental outcomes, particularly in the 

realm of renewable energy transitions. Regulatory misalignment can lead to diverse interpretations 

of what constitutes a “green” investment, thereby diluting the efficacy of green bonds. Furthermore, 

the absence of independent verification may allow for greenwashing, wherein entities misrepresent 

their environmental commitments. Lastly, inadequate post issuance tracking can prevent 

stakeholders from assessing the actual impact of funded projects, ultimately eroding investor 

confidence. Addressing these issues is vital for sustaining the integrity and growth of the green 

bond market, ensuring it fulfills its intended purpose in combating climate change and fostering 

sustainable development. 

2.5 Theoretical and methodological approaches 

 

The scholarly discourse surrounding green bonds and sustainable development 

encompasses a variety of theoretical frameworks and methodological tools. These diverse 

approaches significantly influence researchers' conceptualization, analysis, and interpretation of 

green finance's role in fostering renewable energy adoption and advancing broader sustainability 

objectives. By integrating economic, environmental, and social dimensions, scholars can better 

understand the multifaceted impacts of green bonds on sustainable development pathways. This 

interdisciplinary perspective is essential for devising effective policies and investment strategies 

that align financial mechanisms with sustainability goals. 

Theoretical frameworks 

Several dominant theoretical lenses are employed in the literature: 

• Environmental finance theory: The integration of financial market dynamics with 

environmental outcomes provides a compelling framework for addressing ecological 

challenges. This perspective suggests that financial instruments, such as green bonds, can 

effectively internalize environmental externalities, thereby incentivizing sustainable 

practices among investors and corporations alike (Fatica et al., 2021). Such mechanisms 
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encourage capital allocation towards environmentally beneficial projects, ultimately 

fostering a more sustainable economy. 

• Stakeholder theory: Stakeholder Theory posits that corporations have a duty to address the 

interests of all stakeholders encompassing shareholders, employees, customers, and the 

broader community, particularly in environmental contexts. This framework is increasingly 

relevant in the discourse surrounding corporate green bonds, which are designed to finance 

environmentally sustainable projects. By prioritizing stakeholder engagement, firms can 

enhance their sustainability efforts and foster community trust, thereby aligning their 

business practices with ecological and social responsibilities (Leitão, 2021). 

• Institutional theory: Institutional Theory is pivotal in understanding the dynamics of green 

finance, particularly in cross country analyses. It examines how varying regulatory 

frameworks, governance systems, and cultural contexts shape financial practices aimed at 

environmental sustainability. By elucidating these influences, researchers can better 

comprehend the disparities in green finance adoption across nations, as highlighted by 

Flammer (2021). 

• Signaling theory: Signaling Theory posits that firms utilize green bond issuance as a 

mechanism to convey their commitment to sustainability to investors. This signaling, 

however, is often complicated by inconsistent post issuance practices, which may 

undermine the credibility of such commitments (Bachelet et al., 2020). Such discrepancies 

between signaling and actual practices warrant further investigation to understand the 

implications for investor trust and the overall efficacy of green financing in promoting 

sustainable business practices. 

• Resource Based View (RBV): The Resource Based View (RBV) posits that a firm's internal 

capabilities, including sustainability expertise and effective integration of Environmental, 

Social, and Governance (ESG) criteria, significantly influence the success of green bond 

strategies. By leveraging unique resources and competencies, firms can enhance their 

competitive advantage in the evolving green finance landscape. This approach underscores 

the importance of aligning internal strengths with external market opportunities to optimize 

the impact and attractiveness of green bond offerings. 

The theoretical foundations surrounding green bonds elucidate various motivations for their 

issuance, including the pursuit of sustainable finance, stakeholder pressure, and regulatory 

compliance. These financial instruments can influence behavioral changes by signaling 

commitment to environmental goals and attracting socially responsible investors. Furthermore, the 

conditions that facilitate measurable environmental benefits often hinge on robust project selection 
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criteria, transparency in fund allocation, and rigorous impact assessments. Thus, the effectiveness 

of green bonds in promoting ecological sustainability is contingent upon a multifaceted interplay 

of economic, social, and institutional factors. 

Methodological diversity 

 

The literature on this subject reveals a diverse array of methodologies employed by 

researchers. Predominantly, studies are categorized into three main approaches: quantitative 

econometric analysis, which emphasizes statistical techniques to test hypotheses and establish 

correlations; qualitative case studies, which provide in-depth insights into specific instances and 

contexts; and mixed method designs that integrate both quantitative and qualitative data to enrich 

findings. This methodological variety reflects the complexity of the phenomena under investigation 

and underscores the need for a comprehensive understanding of different research approaches. 

Quantitative Methods: 

• Panel Data Regression: Panel data regression is a robust analytical approach utilized by 

Fatica et al. (2021) and Le & Pham (2022) to examine the dynamic relationships among 

variables such as renewable energy share, CO₂ emissions, and green bond issuance across 

multiple countries over time. This method facilitates a comprehensive understanding of 

how these variables interact, offering valuable insights for policymakers and researchers in 

the context of sustainable development and environmental economics. 

• Event Studies: Event studies are instrumental in evaluating stock market reactions to green 

bond announcements, as highlighted by Flammer (2021). These analyses focus on short 

term investor sentiment and the market's response to Environmental, Social, and 

Governance (ESG) factors, providing insights into how such financial instruments influence 

investor behavior and market dynamics. By assessing abnormal returns surrounding the 

announcement dates, researchers can discern the impact of green bonds on market 

perceptions of sustainability and corporate responsibility. 

• VAR and Connectedness Models: The study "VAR and Connectedness Models: Applied in 

Dynamic Connectedness" (2022) employs vector autoregression (VAR) and connectedness 

frameworks to investigate the interdependencies between financial and green bond markets 

across various countries. By analyzing these linkages, the research provides insights into 

how fluctuations in one market can influence the other, highlighting the importance of 

understanding financial dynamics in the context of sustainable investment practices. 

 



 25 
 

Qualitative Methods: 

• Case Study Analysis: In their respective analyses, Leitão (2021) and the CEE country paper 

employ comprehensive case studies to assess the effectiveness of policies and the 

implementation of projects. This method offers valuable insights into specific contexts, 

enhancing understanding of local dynamics. However, the inherent limitation of such 

qualitative approaches lies in their lack of generalizability, which may restrict broader 

applicability of findings across different settings. 

• Content Analysis: Content analysis to systematically evaluate corporate green bond 

disclosures and ESG reporting. By coding public documents and sustainability reports, it 

aims to identify trends, assess transparency, and determine the alignment between stated 

objectives and actual practices in sustainability. Such rigorous analysis contributes to the 

understanding of corporate accountability in environmental finance. 

Mixed Methods: Recent studies have employed a mixed methods approach, integrating 

surveys, interviews, and econometric models to connect statistical trends with stakeholder 

perspectives. This methodology is instrumental in elucidating issuer motivations and reporting 

behavior, providing a comprehensive understanding of the factors influencing transparency and 

accountability in financial reporting. By synthesizing quantitative data with qualitative insights, 

these papers contribute significantly to the discourse on corporate governance and stakeholder 

engagement. 

Limitations in existing methodologies 

 

Despite advancements in research methodologies, challenges such as data integrity, 

sampling biases, and analytical limitations continue to hinder the reliability of findings. Ongoing 

scrutiny and adaptation of techniques are essential to enhance the robustness of academic inquiries. 

• Data inconsistencies: Data inconsistencies in green bond reporting pose significant 

challenges for cross study comparisons. Variations in standards, methodologies, and 

regulatory frameworks across countries and issuers lead to discrepancies in how green 

bonds are defined and reported. This lack of uniformity not only hampers academic research 

but also complicates investors' decision-making processes, ultimately affecting the 

effectiveness of green financing initiatives. Standardization in reporting practices is 

essential for enhancing transparency and fostering comparability in the burgeoning green 

bond market. 
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• Attribution difficulty: Attribution difficulty arises in assessing the causal impact of green 

bonds on renewable energy deployment, primarily due to the influence of confounding 

policy variables and the existence of parallel funding mechanisms. These complexities 

hinder the ability to isolate the specific contributions of green bonds, necessitating a careful 

consideration of the broader policy landscape and financial instruments at play. Robust 

methodologies are essential to accurately discern the efficacy of green bonds in promoting 

sustainable energy initiatives. 

• Short timeframes: short timeframes, typically ranging from 5 to 7 years, are prevalent in 

many event studies and early panel models. Such limited datasets constrain the analysis of 

long-term effects, potentially overlooking significant trends and dynamics that may emerge 

over extended periods. This brevity can lead to incomplete conclusions and diminish the 

robustness of findings, underscoring the necessity for researchers to explore longer time 

horizons to capture the full impact of events or interventions. 

Methodological trends 

 

Recent years have witnessed a significant shift towards larger, cross country quantitative 

analyses in the field of green finance. This trend is underpinned by the increased availability of 

robust green bond data from reputable sources such as the Climate Bonds Initiative, the World 

Bank, and Eurostat. These datasets facilitate comprehensive assessments of green bond 

performance and impact across diverse economies. Furthermore, emerging studies are beginning 

to integrate geospatial and sector specific data, such as energy grids and renewable generation 

capacities, which enhance the accuracy of attribution analyses. By leveraging these sophisticated 

methodologies, researchers can draw more nuanced conclusions about the efficacy of green bonds 

in promoting sustainable development and mitigating climate change. This evolution in analytical 

approaches underscores the importance of data accessibility in informing policy and investment 

decisions within the green finance sector. 

 

 

 

 

 

 

 



 27 
 

Table 4 

Overview of theoretical and methodological approaches in green bond research 

Approach Type Examples Advantages Limitations 

Panel Regression Fatica et al. (2021), 

Le & Pham 

Captures time-series 

& cross country 

effects 

Requires long, clean 

data series 

VAR Models Dynamic 

Connectedness 

(2022) 

Maps systemic 

interlinkages 

Causality unclear 

Case Studies Leitão (2021), CEE 

Analysis 

In-depth context Not generalizable 

Event Studies Flammer (2021) Captures market 

response 

Short-term focus 

Systematic Review Green Debt SLR 

(2022) 

Synthesizes broad 

literature 

May miss empirical 

granularity 

Sources: Fatica et al. (2021); Leitão (2021); Flammer (2021); Green Debt SLR (2022) 

The field of green finance research is increasingly recognized for its methodological 

diversity and theoretical richness, reflecting the complexity of environmental financial systems. 

This study employs a quantitative panel data approach to systematically investigate the effects of 

green bond funded projects on the adoption of renewable energy across European Union (EU) 

member states. By utilizing a robust dataset that spans multiple years and incorporates various 

socio-economic indicators, this research aims to fill existing gaps in the literature regarding the 

relationship between green finance mechanisms and sustainable energy outcomes. 

The panel data methodology allows for the examination of both cross sectional and 

temporal variations, thereby providing a nuanced understanding of how green bonds can catalyze 

renewable energy initiatives. This analysis not only contributes to the theoretical framework 

surrounding green finance but also offers empirical insights that could inform policymakers and 

investors about the efficacy of green bonds in fostering a transition to sustainable energy sources. 

The findings of this study have the potential to enhance strategic investment decisions and guide 

future research in the domain of green finance. 
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This diversity reveals that while tools exist to measure green bond impacts, most focus on 

financial performance or emissions not renewable energy indicators. 

2.6 Identified research gaps 

The literature on green finance illustrates a notable evolution, particularly within the 

European Union's burgeoning green bond market. This market has emerged as a vital instrument 

in financing sustainable projects, yet it faces significant challenges, including issues of 

greenwashing and the inadequacy of verification mechanisms. Such challenges not only undermine 

the credibility of green financial products but also hinder the effective allocation of capital towards 

genuinely sustainable initiatives. 

Despite the substantial body of research, several critical gaps persist that warrant further 

investigation. These gaps range from broad thematic issues, such as the overall effectiveness of 

green finance in achieving environmental targets, to more specific empirical voids, particularly 

concerning the alignment of green bond issuance with the EU’s renewable energy objectives. 

Additionally, there is a need for enhanced understanding of the regulatory frameworks that govern 

green finance and the impact of various stakeholders in mitigating greenwashing. 

Addressing these gaps is essential for advancing the discourse on sustainable finance and 

ensuring that green financial instruments fulfill their intended purpose in meeting EU’s renewable 

energy targets. 

• Conceptual gaps: The increasing popularity of green bonds as a mechanism for financing 

sustainable development initiatives raises significant questions regarding their actual 

impact on achieving specific Sustainable Development Goals (SDGs), particularly SDG 7, 

which focuses on affordable and clean energy. Despite the burgeoning green finance 

literature, there remains a notable conceptual gap concerning the direct alignment between 

green bond issuance and measurable contributions to renewable energy capacity 

enhancement. Much of the existing scholarship emphasizes the theoretical "green potential" 

of these instruments, yet empirical assessments of their outcomes are scarce. This lack of 

rigorous analysis complicates our understanding of whether investments funded by green 

bonds genuinely foster additional renewable energy projects or merely support initiatives 

that would have progressed irrespective of such financing. The principle of ‘additionality’ 

that is, determining whether green bond-funded projects would not have materialized 

without the issuance of the bonds remains insufficiently defined and largely untested in 

current discourse. Consequently, a thorough investigation into the effectiveness of green 
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bonds in promoting renewable energy is imperative to substantiate their role in achieving 

sustainable development objectives. 

• Empirical gaps: The existing literature predominantly addresses financial aspects of green 

bonds, such as bond pricing and investor returns, with a notable lack of empirical focus on 

their impact on energy outcomes. Few studies explore the relationship between green bonds 

and essential metrics like renewable electricity generation, installed capacity, or shifts in 

energy mix. Where research does occur, it tends to be limited to specific national contexts 

or firm-level analyses. There is a significant gap in the application of macro-panel data 

models that assess the comparative effects across EU countries over time, particularly 

concerning renewable energy adoption metrics. 

• Geographical and comparative gaps: The existing body of literature on green bonds reveals 

significant geographical and comparative gaps, particularly within the European Union. 

Nations like Germany and France dominate the discourse, overshadowing smaller or 

emerging economies such as Lithuania, Croatia, and Bulgaria, which remain under 

researched. This disparity hampers comprehensive cross-country comparisons that could 

elucidate structural differences in policy frameworks, market maturity, and public sector 

involvement. Consequently, the ability to generalize findings across the EU is markedly 

limited, necessitating further exploration of these underrepresented contexts to foster a 

more inclusive understanding of the green bond market. 

• Data and measurement gaps: The effectiveness of green bonds in facilitating energy 

transitions is hindered by significant data and measurement gaps. A critical issue is the 

absence of standardized indicators for evaluating the success of projects funded by these 

bonds. Many issuers neglect to provide post-issuance reports, which further complicates the 

assessment of outcomes. Additionally, there is no comprehensive dataset that links the 

proceeds from green bonds directly to measurable energy impacts. Although organizations 

such as the Climate Bonds Initiative monitor issuance volumes, they fall short in mapping 

the progress of individual projects comprehensively. This lack of data transparency and 

consistency presents challenges for stakeholders seeking to gauge the true impact of green 

bonds on sustainable energy initiatives, thereby undermining the potential of these financial 

instruments to drive meaningful environmental change. 

• Methodological gaps: The existing literature on the impact of green bonds on renewable 

energy indicators predominantly employs qualitative case studies or firm level event 

analyses. This methodological reliance reveals a significant gap, as the application of 

econometric panel models remains limited. Advanced quantitative techniques, including 

panel cointegration and causality models, are notably underutilized, even though relevant 
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macroeconomic data is accessible. Addressing these methodological deficiencies is crucial 

for a more robust understanding of the cross-national effects of green bonds on renewable 

energy development. Future research should prioritize these advanced econometric 

approaches to enhance analytical rigor and empirical validity. 

• Integration gaps with SDGs and EU policy: The existing literature on green bonds exhibits 

significant integration gaps with the Sustainable Development Goals (SDGs) and the 

European Green Deal, undermining the policy relevance of these studies. There is a notable 

scarcity of analyses assessing the long-term impact of green bonds on structural energy 

transitions, raising concerns that these financial instruments may primarily serve to 

refinance pre existing infrastructure rather than drive innovative projects aligned with 

national energy strategies. 

This thesis addresses significant gaps in the current literature by performing a macro level, 

cross-country quantitative analysis of the impact of green bond funded projects on renewable 

energy adoption across European Union (EU) member states. By systematically examining the 

relationship between green finance and renewable energy deployment, this research aims to provide 

robust empirical evidence that aligns with the United Nations Sustainable Development Goal 7 

(SDG 7) and the EU's climate objectives. This study not only contributes to the academic discourse 

surrounding sustainable finance but also offers insights that can inform policy formulation aimed 

at enhancing the effectiveness of green investments. The findings are anticipated to elucidate the 

role of green bonds in accelerating the transition to renewable energy, thus supporting the broader 

agenda of climate resilience and sustainability within the EU context. 

2.7 Conclusion 

The burgeoning field of green finance has garnered increasing attention as a vital 

mechanism for advancing renewable energy initiatives and achieving sustainability objectives. 

Notably, while the theoretical frameworks and policy guidelines surrounding green finance are 

well-articulated, empirical evaluations of its effectiveness remain sparse and often disjointed. This 

thesis aims to fill this critical gap by systematically analyzing the measurable impacts of green 

bond issuances specifically within the context of the European Union. By examining the 

relationship between green bonds and the deployment of renewable energy projects, this research 

seeks to reconcile the existing disparity between conceptual frameworks and real world outcomes. 

Through rigorous empirical analysis, the study intends to provide insights that not only enhance 

academic understanding of green finance but also inform policymakers in crafting more effective 
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strategies. Ultimately, this work aspires to elevate the discourse surrounding green finance and its 

potential role as a catalyst for sustainable development. 
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3.METHODOLOGY  

This chapter delineates the research methodology employed in this thesis, adhering to the 

university's established guidelines. It systematically addresses three fundamental questions: (1) 

What is to be determined? the study's primary objectives; (2) How will the investigation be 

conducted? the procedural steps and techniques utilized; and (3) Why is this method the most 

appropriate? a rationale for the chosen approach. The chapter further elaborates on the empirical 

strategy, encompassing the research model, formulated hypotheses, selected variables, and data 

sources. It identifies the analytical tools implemented for data interpretation and presents a 

comprehensive justification for the methodological framework adopted in this study. This 

structured approach ensures the research is robust, valid, and aligned with academic standards, 

facilitating a thorough exploration of the research questions posed. 

3.1 Research purpose, design and approach 

 

This study aims to assess the influence of green bond funded initiatives on the adoption of 

renewable energy within EU member states. By focusing on the correlation between green finance 

and the achievement of Sustainable Development Goal 7 (Affordable and Clean Energy), the 

research seeks to provide insights into how financial instruments can bolster sustainable energy 

transitions. The findings may contribute to a deeper understanding of the role of green finance in 

promoting environmental sustainability across Europe. 

To achieve this, the study seeks to: 

• Evaluate the correlation between green bond issuance and the proportion of renewable 

energy in total energy consumption, highlighting potential financial mechanisms that 

support sustainable energy transitions. 

• Examine the relationship between the scale and stability of green bond investments and 

their impact on achieving renewable energy objectives across member states, highlighting 

the critical role of financial mechanisms in sustainability transitions. 

• Examine the varying impacts of green bond-funded projects across EU regions and 

governance frameworks, highlighting disparities in environmental outcomes, economic 

benefits, and social acceptance tied to local policy contexts. 
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Research design and strategy 

 

This study employs a quantitative research design, specifically utilizing panel data 

econometrics, to explore the relationship between green bond issuance and the adoption of 

renewable energy across various EU countries over time. The panel data approach is particularly 

advantageous as it facilitates the analysis of variations both spatially and temporally, thereby 

providing a nuanced understanding of the effectiveness of green bonds in fostering renewable 

energy development. This methodology allows for the control of unobserved heterogeneity and 

addresses potential omitted variable bias, ultimately yielding richer data with increased variability 

and degrees of freedom. 

The underlying rationale for this design is rooted in the research objective of uncovering 

causal relationships rather than merely identifying descriptive trends. By leveraging quantitative 

analysis, the study applies robust statistical techniques to assess the strength, direction, and 

significance of the relationship between green bond issuance and various renewable energy 

indicators. Given the EU's strategic focus on sustainable finance and the availability of relevant 

data, this methodological framework is well aligned with the research context. 

Research model: This study develops an econometric model to assess the impact of green 

finance on clean energy outcomes, employing a panel data structure. The analysis utilizes fixed or 

random effects, determined by Hausman tests, to ensure robustness. This approach facilitates a 

nuanced understanding of how financial investments can promote sustainable energy initiatives. 

RE Share = α + β1 * K1 + β2 * X1 + β3 * X2 + β4 * X3 + β5 * X4 + β6 * X5 + εᵢₜ 

Where: 

• Dependent variable: Share of renewable energy in gross final energy consumption 

• Independent variable: Value of green bond issuance (normalized by GDP) 

• Control variables: GDP per capita, environmental governance index, CO₂ emissions per 

capita, energy intensity, and population density 

This structure effectively isolates the influence of green bond issuance on renewable energy 

growth, while simultaneously accounting for macroeconomic and institutional variables, thereby 

providing a clearer understanding of their interdependencies. 
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Table 5 

Symbols 

Symbol Meaning 

α (alpha) The expected value of Renewable Energy share when all 

independent variables are zero 

β₁, β₂, ..., β₆ Coefficient: each β shows how a one-unit change in the 

corresponding variable affects Renewable Energy share, holding 

other variables constant 

K1 Independent variable: value of green bond issuance  

X1 Control variable: GDP per capita 

X2 Control variable: CO₂ emissions per capita 

X3 Control variable: Environmental governance index 

X4 Control variable: Energy used per unit of GDP 

X5 Control variable: Population density 

εᵢₜ (epsilon) The error term: It captures all other factors that affect Renewable 

Energy share but are not included in the model. It varies by 

country (i) and time (t). 

 

Research approach: This study employs a deductive research approach, initiating with a 

theoretical framework established from existing literature. Drawing on established models and 

empirical evidence (e.g., Fatica et al., 2021; Leitão, 2021; Flammer, 2021), the study formulates 

and tests hypotheses against a specified dataset. The primary objective is to substantiate or 

challenge the proposed relationships through empirical validation. Deductive reasoning is 

particularly suited for investigations focused on assessing cause and effect relationships via 

statistical modeling. 

In this context, the deductive path follows: 

• Theory on green finance, environmental economics, and renewable energy policy 

• Formulation of hypotheses regarding the impact of green bonds 

• Data collection and modeling 

• Statistical testing and validation 

This approach guarantees that the analysis is firmly rooted in scholarly dialogue, yielding 

novel quantitative insights that contribute meaningfully to the existing body of knowledge. 
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Data collection methods and reliability 

 

This study employs a rigorous approach by utilizing secondary data sources, which are both 

cost effective and timely, to analyze the relationship between green bond issuance and renewable 

energy adoption across EU member states. Data is sourced from recognized international 

organizations and statistical agencies, ensuring high reliability and comparability. This 

methodology facilitates a comprehensive examination of essential variables that influence the 

intersection of green finance and renewable energy initiatives within the EU framework. 

Data type 

 

The following categories and sources of data are used: 

• Green bond issuance: The analysis of green bond issuance relies heavily on data from 

several reputable sources, crucial for understanding the dynamics of green finance at a 

national level. The Climate Bonds Initiative (CBI), a prominent non-profit organization, 

serves as a primary aggregator of global green bond market data, offering insights into 

trends and market developments. Complementing this, Refinitiv Eikon provides a 

comprehensive financial data platform that includes detailed records of bond issuances, 

investor profiles, and issuer information. Additionally, country level reports from national 

financial supervisory authorities and treasury departments in select EU nations contribute 

valuable context and specificity to the data. Together, these sources facilitate a robust 

measurement of the scale and flow of green finance, enabling stakeholders to assess the 

effectiveness of green investment strategies and policies across different jurisdictions. 

• Renewable energy share: The share of renewable energy in gross final energy consumption 

is a critical indicator for assessing the transition toward sustainable energy systems. Data 

from Eurostat, the statistical office of the European Union, and the World Bank's World 

Development Indicators (WDI) dataset provide essential insights for econometric modeling. 

These indicators facilitate the evaluation of trends in renewable energy adoption, reflecting 

progress in policy implementation and technological advancements. 

• Macroeconomic control variables: In analyzing the impact of green bond issuance on 

renewable energy, it is essential to incorporate macroeconomic control variables such as 

GDP per capita, energy intensity, and CO₂ emissions per capita. These variables, sourced 

from reputable institutions like the World Bank (WDI), International Monetary Fund (IMF), 
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and Eurostat, serve to isolate the distinctive effects of green bonds, thereby mitigating the 

risk of omitted variable bias in empirical models 

• Governance and policy variables: This study employs governance and policy variables to 

analyze environmental governance and institutional strength, utilizing data from the 

Worldwide Governance Indicators (WGI), specifically "Regulatory Quality" and 

"Government Effectiveness." Additionally, we incorporate findings from the Sustainable 

Development Solutions Network's (SDSN) annual SDG Index Reports and OECD Policy 

Reports to evaluate country level performance on green energy objectives. These 

governance indicators are integral as interaction terms or conditioning variables within the 

econometric model, facilitating a nuanced understanding of the relationship between policy 

frameworks and sustainable development outcomes. 

Sampling frame 

• Temporal Scope (2015-2023): The timeline beginning in 2015, marked by the Paris 

Agreement, highlights significant milestones in the EU's green finance landscape. The 

introduction of the EU Sustainable Finance Action Plan in 2018 set a foundational 

framework for sustainable investments. This was followed by the adoption of the EU 

Taxonomy Regulation in 2020, which established a classification system for 

environmentally sustainable activities. The proposal of the EU Green Bond Standard in 

2021 aimed to enhance the integrity of green bonds, while the 2022 enforcement of the 

Sustainable Finance Disclosure Regulation (SFDR) strengthened transparency and 

accountability in financial disclosures. 

• Geographical Scope (27 EU Member States): This study encompasses all 27 EU Member 

States, integrating both advanced economies like Germany and France, and emerging 

economies such as Lithuania and Romania. It evaluates the impact of green bond issuance 

across varying policy contexts and levels of renewable energy maturity. The analysis 

benefits from cross country comparability, supported by harmonized data standards 

mandated by EU statistical reporting obligations, ensuring robust and reliable findings 

within the diverse economic landscape of the Union. 

Reliability in empirical research is enhanced through rigorous cross-validation between 

datasets, such as Eurostat and the World Bank. Employing widely accepted indicators and 

econometric techniques further strengthens the validity of findings. Additionally, transforming 

variables is essential for achieving data stationarity and mitigating issues of heteroskedasticity, 

thereby ensuring robust analytical outcomes. 
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The collected data will undergo a rigorous cleaning and normalization process to ensure 

completeness, consistency, and comparability. Missing values will be addressed through 

appropriate imputation techniques or tailored country specific adjustments. All utilized sources will 

be peer reviewed or officially recognized by the European Union. 

Table 6 

Variables 

Variable Type Description Source 

Renewable Energy 

Share 

Dependent % of renewables in 

gross energy 

consumption 

Eurostat, World Bank 

Green Bond Issuance 

(GDP%) 

Independent Green bond issuance 

volume / national 

GDP 

Refinitiv, CBI, IMF 

GDP per capita Control Country’s economic 

development 

World Bank 

CO₂ emissions per 

capita 

Control Proxy for 

environmental stress 

World Bank 

Environmental 

Governance 

Control WGI’s 

Environmental 

Regulation Index 

WGI, SDG Index 

Energy Intensity Control Energy use per unit 

of GDP 

Eurostat, OECD 

Energy Intensity Control Population density Eurostat, OECD 

 

3.2 Analytical techniques and econometric methods 

 

This study employs advanced panel econometric techniques, grounded in established 

literature, to analyze complex datasets. The majority of empirical analyses are executed using 

EViews software, renowned for its efficiency in managing extensive panel datasets and facilitating 

sophisticated econometric modeling. This methodological approach enhances the robustness and 

credibility of the findings, contributing significantly to the existing body of knowledge in the field. 
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Table 7 

Econometric Tools 

Econometric Tool Purpose 

Panel Unit Root Tests To test stationarity (e.g., Im-Pesaran-Shin, IPS test) 

Hausman Test To choose between Fixed and Random Effects 

FMOLS / DOLS Estimators Handle serial correlation, endogeneity, and cointegration 

Cross-sectional Dependence Detect correlation across countries 

Heteroskedasticity Checks Ensure variance consistency across units 

 

The selection of analytical tools is crucial for addressing country-specific shocks, 

unobserved heterogeneity, and time-variant externalities influencing both bond issuance and 

energy adoption. EViews is particularly suited for this purpose due to its support for flexible panel 

structures, built in cointegration estimation techniques (such as FMOLS and DOLS), and 

comprehensive diagnostic testing capabilities. Utilizing EViews significantly enhances the 

replicability and statistical rigor of research findings within this domain. 

3.3 Justifications for method 

 

This study employs a quantitative panel approach, consistent with the methodologies 

established by Fatica et al. (2021), Leitão (2021), and Flammer (2021) & the literature. These 

studies collectively demonstrate that panel methods effectively elucidate the dynamics between 

macro financial instruments and environmental indicators. The robustness of this approach is 

further enhanced by the availability of reliable and harmonized datasets across EU countries, 

facilitating comprehensive multi-country analyses. Such datasets provide a solid foundation for 

drawing meaningful comparisons and insights into the interplay between financial and 

environmental variables in a European context. 

Quantitative econometric models are ideal for investigating the impact of green bond 

funded projects on renewable energy adoption in EU countries. These models facilitate causality 

testing, effectively control for confounding variables, and enhance the generalizability of findings 

across different regions. This methodological approach ensures robust analysis and credible 

insights into the relationship between financial instruments and sustainable energy transitions. 

3.4 Research hypothesis 

 

Based on the literature and research objectives, the following hypotheses are proposed:  
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• H1: Green bond issuance positively influences the share of renewable energy in the national 

energy mix. 

• H2: The relationship between green bond issuance and renewable energy adoption is 

stronger in countries with higher governance quality. 

• H3: The impact of green bonds on renewable energy adoption is more significant in high 

income EU countries compared to low income ones. 

3.5 Conclusion 

 

 The methodological framework established in this thesis is designed to deliver both 

analytical rigor and policy relevance in assessing the influence of green bond issuance on the 

adoption of renewable energy across European Union (EU) member states. Utilizing a quantitative 

panel econometric approach, executed through EViews software, the study meticulously examines 

both temporal and cross-sectional variations inherent in green finance dynamics. The application 

of panel regression models is further substantiated through robustness checks, including unit root 

tests, cointegration analysis, and diagnostics for heteroskedasticity, thereby providing a robust 

empirical foundation for elucidating causal relationships between financial flows and renewable 

energy outcomes. The decision to utilize secondary data from reputable sources such as the Climate 

Bonds Initiative (CBI), Eurostat, the International Monetary Fund (IMF), the World Bank, the 

Organization for Economic Co-operation and Development (OECD), and the Worldwide 

Governance Indicators (WGI) ensures consistency, reliability, and comparability across all 27 EU 

member states. The incorporation of pertinent control variables such as GDP per capita, CO₂ 

emissions, governance indicators, energy intensity, and population density enhances the 

explanatory power of the econometric models and effectively addresses country specific 

heterogeneity, thereby strengthening the credibility of the findings and mitigating omitted variable 

bias. 

Moreover, the methodological design effectively bridges theoretical insights with practical 

applications. By integrating principles from environmental finance theory, institutional theory, and 

signaling theory, it aligns econometric findings with conceptual frameworks that elucidate the 

behaviors of issuers, investors, and regulators. This alignment ensures that the outcomes are not 

only statistically robust but also meaningful for policymaking and market development. In 

conclusion, the adopted methodology is appropriate, reliable, and well aligned with the research 

objectives, providing a solid foundation for testing hypotheses and drawing policy relevant 

conclusions regarding the role of green bonds in facilitating the EU's transition to renewable energy. 
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4. EMPIRICAL ANALYSIS 

This chapter presents an empirical analysis investigating the influence of green bond 

issuance on renewable energy adoption across European Union (EU) member states. Utilizing 

econometric techniques, the study examines panel data from 26 EU countries spanning 2015 to 

2023, coinciding with the rise of green bond markets and intensified climate neutrality efforts. The 

analysis unfolds in several phases. Initially, descriptive statistics and correlation matrices elucidate 

the data structure, revealing preliminary relationships among renewable energy shares, green bond 

issuance, and essential macroeconomic and governance indicators. Subsequently, panel unit root 

tests and cointegration assessments evaluate the long run equilibrium between renewable energy 

adoption and its determinants. 

Baseline regression models are estimated employing two-way fixed effects to account for 

unobserved country specific heterogeneity and common temporal shocks, with the selection of 

fixed effects validated through Hausman tests. Robustness checks include lagged issuance 

specifications, log transformations for skewness, and regional sub-sample regressions to explore 

heterogeneity across Western/Northern and Central/Eastern/Southern EU countries. Through this 

rigorous framework, the chapter aims to assess the contribution of green bond financing to the EU's 

renewable energy transition, laying the groundwork for subsequent discussions on policy 

implications and future research avenues. 

4.1 Data and Variables 

 

This study utilizes a balanced panel dataset encompassing 26 European Union member 

states from 2015 to 2023, a period marked by significant growth in the green bond market and 

heightened policy efforts aligned with the Paris Agreement and the European Green Deal. The 

panel's structure facilitates the examination of both cross-sectional and temporal variations, 

allowing for a nuanced analysis of the diverse impacts of green bond issuance across different 

countries. This methodology effectively controls for unobserved heterogeneity and common 

macroeconomic shocks, thereby enhancing the validity of the findings in the context of sustainable 

finance. 

Data Sources 

This study employs a robust dataset to analyze the interrelations between renewable energy 

adoption, macroeconomic indicators, and demographic variables. Primary data sources include 

Eurostat and the World Bank’s World Development Indicators (WDI), which provide a solid 
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foundation for empirical analysis. Furthermore, governance indicators were sourced from the 

World Governance Indicators (WGI) database, enhancing the governance dimension of the 

research. To assess the financial mechanisms supporting sustainable development, green bond 

issuance data were meticulously compiled from Bloomberg, the Luxembourg Green Exchange 

(LGX) and Climate Bond Initiative (CBI). The integration of these diverse data sources not only 

ensures a comprehensive analysis but also aligns with existing empirical literature on green finance 

and sustainable development. Overall, this methodological framework aims to provide insights into 

the factors influencing renewable energy adoption across various contexts. 

Variables 

This study investigates the relationship between renewable energy share and various 

economic and environmental factors, with a particular focus on the influence of annual green bond 

issuance. The primary explanatory variable is examined using both log-transformed and lagged 

versions to ensure robustness in the findings. Control variables are incorporated to account for 

potential confounding effects and include GDP per capita, CO₂ emissions per capita, energy 

intensity, population density, and a governance index, as elaborated in Chapter 3. By analyzing 

these variables, the study aims to provide a comprehensive understanding of the dynamics 

influencing the adoption of renewable energy sources, particularly in the context of financial 

instruments like green bonds that are designed to promote sustainable development. The findings 

will contribute to the ongoing discourse on climate finance and the transition towards a greener 

economy. 

Descriptive Statistics 

Table 8 presents descriptive statistics of the key variables for 26 countries over a span of 9 

years, resulting in 234 observations. Monetary values were adjusted for inflation to ensure 

consistency, and missing values were addressed by excluding incomplete observations from the 

analysis. 
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Table 8 

Descriptive statistics 

 

The analysis of renewable energy shares (RE_SHARE) across EU countries reveals an 

average of approximately 23.2 percent, accompanied by significant dispersion. This variation 

highlights the structural heterogeneity among member states; Nordic countries like Sweden and 

Finland excel in renewable energy adoption, while several Western European nations fall short of 

the EU's intermediate targets. Such disparities necessitate the incorporation of cross-country 

differences in empirical models, suitably addressed through fixed effects estimation. 

Green bond issuance demonstrates a pronounced skewness, exceeding three (skewness >3), 

indicating that a small number of countries namely France, Germany, and the Netherlands account 

for the majority of market volumes. In contrast, many member states report minimal or zero 

issuance in certain years. This distributional characteristic not only supports the necessity for log 

transformation in robustness checks but also underscores the relevance of employing panel 

methods that leverage both cross-sectional and time-series data dimensions. 

The analysis reveals that pairwise correlations among the explanatory variables are modest, 

indicating that multicollinearity does not pose a significant issue. Notably, the highest correlation 

exists between GDP per capita (GDP_PC) and the governance index (GOV_INDEX), reflecting 

the established link between economic prosperity and institutional quality. To mitigate potential 

inflation of standard errors, the study employs fixed effects and robust clustered standard errors, 

thereby ensuring the reliability of coefficient estimates. 
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Correlation Analysis 

Table 9 

Co-relation Matrix 

 

Table 9 presents the pairwise correlation coefficients among the primary variables of 

interest. The renewable energy share (RE_SHARE) exhibits a moderate negative correlation with 

CO₂ emissions per capita (-0.36), aligning with the hypothesis that increased carbon intensity 

correlates with reduced renewable energy adoption. Additionally, RE_SHARE displays a weak 

positive correlation with the governance index (0.23), suggesting that stronger institutional 

frameworks facilitate renewable energy penetration. Conversely, the correlation with green bond 

issuance (ISSUANCE) is negligible (-0.04), indicating a lack of straightforward bivariate 

relationship. This complexity underscores the necessity for panel regression techniques to elucidate 

the underlying dynamics. 

The analysis of control variables reveals significant insights into the relationships among 

GDP per capita, governance, CO₂ emissions, and energy intensity within EU countries. A strong 

positive correlation (0.68) between GDP per capita and the governance index suggests that 

wealthier nations tend to uphold more robust institutional frameworks. Additionally, GDP per 

capita exhibits a moderate positive correlation (0.55) with CO₂ emissions, indicating a potential 

trade-off between economic prosperity and environmental degradation. Conversely, the moderate 

negative correlation (-0.30) with energy intensity implies that wealthier economies demonstrate 

greater energy efficiency. Importantly, none of the correlations approach multicollinearity 

thresholds, allowing for reliable econometric analysis. 

The descriptive and correlation analysis conducted in this study provides a nuanced 

understanding of the dataset, revealing significant heterogeneity among EU member states 

regarding renewable energy adoption and green bond issuance. Descriptive statistics indicate 

considerable variance in renewable energy shares, reflecting diverse transition stages and policy 

priorities across countries. In contrast, the green bond issuance data exhibit pronounced skewness, 

highlighting the nascent nature of this market, particularly in specific jurisdictions. The 

implementation of log transformations and econometric techniques is warranted to rectify these 

distributional challenges. Correlation analysis uncovers several intuitive relationships, such as the 
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inverse correlation between CO₂ emissions and renewable energy shares, alongside a positive 

association between GDP per capita and governance quality. However, most correlations are 

moderate or weak, with no pairwise correlation exceeding multicollinearity thresholds, validating 

the inclusion of all selected variables in the panel regression framework. This supports subsequent 

unit root and cointegration testing, followed by fixed effects regression analysis. 

4.2 Panel Unit-Root Tests 

 

In empirical economic analysis, establishing the stationarity properties of time series 

variables is a critical precursor to estimating both long-run and short-run relationships. To this end, 

panel unit root tests were employed, specifically utilizing the Im, Pesaran, and Shin (IPS) W-

statistic. This approach accommodates heterogeneity across cross-sections by allowing for distinct 

unit root processes within the individual variables. The null hypothesis of these tests posits the 

presence of a unit root, indicating non-stationarity in the series. The analysis was conducted on a 

balanced panel comprising 26 EU countries over the period from 2015 to 2023, incorporating 

individual intercepts and one lag in the testing framework. Establishing the stationarity of the 

variables is pivotal, as it informs the subsequent modeling strategies and ensures the reliability of 

the findings in the context of economic relationships. 

Summary of Results by Variable 

 

Table 10 depicts the summary of the IPS Panel Unit Root test results for study variables.  

Table 10 

Summary of IPS Panel Unit Root Test Results for Study Variables (2015–2023, 26 EU countries) 

Variable IPS W-stat Prob. 
Conclusion at 

Level 

Integration 

Order 

RE_SHARE 4.2814 1.000 Non-stationary I(1) 

ISSUANCE 1.9230 0.973 Non-stationary I(1) 

CO₂_PC 5.6677 1.000 Non-stationary I(1) 

GDP_PC 0.5405 0.706 Non-stationary I(1) 

ENERGY_INT 9.2182 1.000 Non-stationary I(1) 

GOV_INDEX 1.0965 0.864 Non-stationary I(1) 

POP_DENS 0.7937 0.786 Non-stationary I(1) 
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Note: The IPS W-stat test results indicate non-stationarity in levels for all variables, confirming 

they are integrated of order one (I(1)), with the null hypothesis of unit roots upheld. 

Overall Interpretation 

• Renewable Energy Share (RE_SHARE): The IPS statistic of 4.28, accompanied by a p-

value of 1.000, indicates that the null hypothesis of a unit root cannot be rejected, thereby 

affirming that renewable energy shares across EU countries are non-stationary in levels. 

This non-stationarity suggests persistent trends driven by long-term policy commitments 

and structural investments rather than short-term fluctuations. Consequently, the renewable 

energy share (RE_SHARE) is characterized as an I(1) variable, necessitating cointegration 

analysis to explore potential stable long-run relationships with various macroeconomic and 

financial variables. 

• Green Bond Issuance (ISSUANCE): The IPS statistic of 1.92 (p = 0.973) indicates the 

failure to reject the unit root null hypothesis, highlighting the high persistence of issuance 

volumes within the EU's burgeoning green bond market. This persistence is particularly 

evident in financially advanced economies such as France, Germany, and the Netherlands, 

where issuance is concentrated and exhibits gradual growth. The observed skewness in 

distribution necessitates log transformations and robustness checks in regression analyses, 

while the I(1) property underscores the importance of conducting cointegration tests to fully 

understand the dynamics at play. 

• CO₂ Emissions per capita (CO₂_PC): The analysis reveals an IPS statistic of 5.66 (p = 1.000) 

for CO₂ emissions per capita, indicating non-stationary behavior influenced by country-

specific factors. This non-stationarity underscores the varying trends in emissions across 

nations, shaped by structural energy dependencies, industrial configurations, and the 

trajectories of climate policies. For example, coal-reliant countries like Poland maintain 

elevated emission levels, while Nordic nations exhibit a consistent downward trend. Such 

findings align with the understanding that carbon emissions change gradually, reflecting 

underlying long-run patterns in energy consumption and regulatory environments. 

• GDP per capita (GDP_PC): The IPS test results, indicating a statistic of 0.54 and a p-value 

of 0.706, suggest non-stationarity at levels for GDP per capita. This finding aligns with the 

understanding of GDP per capita as a trending variable influenced by long-term growth 

dynamics. The persistence observed across EU member states highlights the convergence 

processes and structural growth disparities between Western/Northern and Eastern Europe. 

Given its I(1) property, cointegration analysis is essential to mitigate the risk of spurious 

results, thus reinforcing the theoretical underpinning of economic growth trajectories. 
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• Energy Intensity (ENERGY_INT): The IPS statistic of 9.21 (p = 1.000) provides robust 

evidence of non-stationarity in energy intensity, defined as energy use per unit of GDP. 

This non-stationary behavior reflects the gradual evolution of energy intensity over time, 

influenced by technological advancements and structural changes within economies. 

Furthermore, the persistence of energy efficiency improvements varies among EU countries, 

with higher energy intensity economies, particularly in Eastern Europe, gradually 

converging towards the more efficient standards set by Western European nations. The 

identified I (1) nature aligns with theoretical expectations regarding long-term dynamics in 

energy efficiency. 

• Governance Index (GOV_INDEX): The IPS statistic of 1.09 (p = 0.864) indicates that 

governance quality remains non-stationary in levels. Governance indicators typically 

exhibit incremental changes and demonstrate persistence, particularly within EU nations 

where institutional frameworks are established yet exhibit gradual improvements, notably 

in certain Eastern and Southern states. This persistence underscores the long-term 

characteristics of governance, aligning with existing literature that conceptualizes 

governance as a structural and path-dependent phenomenon. Such insights are crucial for 

understanding the dynamics of governance in the context of regional development and 

institutional evolution. 

• Population Density (POP_DENS): The IPS statistic of 0.79 (p = 0.786) indicates potential 

non-stationarity in population density data. However, the minimal temporal variation 

observed across most EU countries from 2015 to 2023 renders this finding largely 

uninformative. While population density is technically classified as I(1), its limited 

fluctuation leads to its effect being predominantly captured by fixed effects in regression 

models. Consequently, it is more appropriately regarded as a control variable reflecting 

structural differences rather than a pivotal factor influencing the dynamics of renewable 

energy adoption. 

The results from the IPS test across all seven variables indicate a failure to reject the null 

hypothesis of a unit root at the 5% significance level, confirming that these variables are integrated 

of order one I (1). This non-stationarity in levels implies that they will likely achieve stationarity 

upon first differencing. Consequently, the presence of I (1) variables necessitates the application 

of panel cointegration tests to mitigate the risk of spurious regression. Such tests are crucial for 

establishing long-term equilibrium relationships among the variables, specifically the renewable 

energy share, green bond issuance, and the related control variables. By confirming cointegration, 

the study aims to elucidate whether these variables exhibit a collective movement over the long 

run, despite their individual non-stationary characteristics. 
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This study employed Pedroni and Kao residual-based panel cointegration tests to evaluate 

long-run relationships among integrated variables of order one (I(1)). The findings will be 

elaborated upon in the subsequent subsection. 

4.3 Panel Cointegration 

 

Following the unit root tests confirming that all variables are integrated of order one (I(1)), 

the subsequent analysis focuses on investigating the long-run equilibrium relationship among 

renewable energy adoption (RE_SHARE), green bond issuance (ISSUANCE), and selected control 

variables. To this end, the Pedroni residual-based panel cointegration test was employed, which is 

particularly well-suited for heterogeneous panels. This test allows for variability in both intercepts 

and slope coefficients across different cross-sections, thus providing a robust framework for 

assessing the existence of a common cointegrating relationship. The results of this test are crucial 

for understanding the interconnected dynamics between renewable energy initiatives and green 

financing mechanisms, ultimately contributing to policy formulation and investment strategies 

aimed at sustainable development. 

Table 11 presents the findings from the Pedroni residual cointegration test, which evaluates 

the presence of cointegration among the specified variables. The null hypothesis posits that no 

cointegration exists. The results include seven test statistics, categorized into four within-dimension 

(panel statistics) and three between-dimension (group statistics). These results are essential for 

understanding the long-term relationships among the variables in question, contributing to the 

broader discourse on econometric analysis. 

Table 11 

Summary of Pedroni Residual Panel Cointegration Test (2015–2023, 26 EU countries) 

Statistic Value Prob. Conclusion (5%) 

Panel v-Statistic -0.911 0.818 Fail to reject H₀ 

Panel rho-Statistic 4.307 1.000 Fail to reject H₀ 

Panel PP-Statistic -4.273 0.000 Reject H₀ → cointegration 

Panel ADF-Statistic -2.151 0.016 Reject H₀ → cointegration 

Group rho-Statistic 7.084 1.000 Fail to reject H₀ 

Group PP-Statistic -15.687 0.000 Reject H₀ → cointegration 

Group ADF-Statistic -5.785 0.000 Reject H₀ → cointegration 
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Overall Interpretation  

 

• Panel v-Statistic (-0.911, p = 0.818): This statistical analysis evaluates positive serial 

correlation in the residuals as an indicator of cointegration. The observed statistic is 

negative, and the p-value exceeds 0.10, leading to the inability to reject the null hypothesis 

of no cointegration. Consequently, this test provides no supporting evidence for the 

presence of cointegration between the examined variables. 

• Panel rho-Statistic (4.307, p = 1.000): The rho test is employed to evaluate the persistence 

of residuals, indicating non-stationarity in the data. A significantly large positive value 

coupled with an elevated p-value suggests that the null hypothesis cannot be rejected, 

leading to the conclusion that there is insufficient evidence to support the existence of 

cointegration among the variables under examination. 

• Panel PP-Statistic (-4.273, p = 0.000): Utilizing the Phillips–Perron methodology, our 

analysis reveals a substantial negative test statistic coupled with an extremely low p-value 

(p < 0.01). This compelling evidence leads to a strong rejection of the null hypothesis, 

suggesting that the residuals are stationary. Consequently, we can conclude that there is 

significant evidence of cointegration among the examined time series variables. 

• Panel ADF-Statistic (-2.151, p = 0.016): The application of the augmented Dickey–Fuller 

test to the residuals indicates that the obtained statistic is significant at the 5% level. This 

result provides strong evidence in support of cointegration among the tested variables, 

suggesting a long-term equilibrium relationship. Such findings are critical for 

understanding dynamic interactions in econometric models. 

• Group rho-Statistic (7.084, p = 1.000): This analysis employs a methodology analogous to 

the panel rho test, focusing on the persistence across cross-sections in terms of group 

dimension. Observations of elevated values and probabilities suggest a failure to reject the 

null hypothesis, leading to the conclusion that there is no substantial evidence of 

cointegration present within the dataset. 

• Group PP-Statistic (-15.687, p = 0.000): The between-dimension PP test provides robust 

evidence for cointegration across countries, as indicated by an extremely large negative test 

statistic and a p-value of less than 0.01. This strongly rejects the null hypothesis, suggesting 

that economic variables across the studied nations move together in the long run. Such 

findings are critical for understanding international economic dynamics and policy 

implications. 
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• Group ADF-Statistic (-5.785, p = 0.000): The application of the Augmented Dickey-Fuller 

(ADF) methodology across various cross-sections reveals a robust cointegration 

relationship among countries, with results demonstrating strong significance at the 1% level. 

This finding provides compelling evidence for the existence of long-term equilibrium 

among the analyzed economies, suggesting that they move together in response to common 

shocks. Such insights are critical for understanding the dynamics of international financial 

markets. 

The analysis of the Pedroni cointegration tests reveals a significant distinction among the 

statistics employed. Specifically, the Panel PP and Panel ADF tests, alongside their group 

counterparts, strongly reject the null hypothesis, indicating a long run cointegrating relationship. 

Conversely, the Panel v, Panel rho, and Group rho statistics do not support this rejection, 

highlighting a divergence in the results. Given that the PP and ADF tests are recognized for their 

robustness and reliability in small sample contexts, their consistent significance reinforces the 

existence of a long-term association between renewable energy share, green bond issuance, and 

pertinent control variables within the European Union framework. This finding is crucial for 

policymakers and investors seeking to understand the dynamics of sustainable finance and energy 

transition in the region. 

The findings presented in this analysis suggest a significant long-term relationship between 

renewable energy adoption and green bond issuance across European Union (EU) countries. The 

evidence of cointegration underscores the existence of a stable equilibrium path linking these two 

variables, reinforcing theoretical expectations that sustainable finance instruments, particularly 

green bonds, are integral to facilitating the energy transition. The utilization of panel and group 

Phillips-Perron (PP) and Augmented Dickey-Fuller (ADF) tests further validates that this 

relationship is not merely transient; rather, it is a persistent phenomenon observable across diverse 

economic contexts within the EU. 

From a policy standpoint, these results emphasize the necessity of nurturing green bond 

markets as a critical component of the EU's overarching climate and energy strategy. Given that 

disturbances in green bond issuance or governance frameworks can have enduring effects on 

renewable energy development, it is imperative that policymakers implement measures to enhance 

the depth, credibility, and accessibility of green finance. Such initiatives are likely to accelerate 

advancements towards climate neutrality objectives. 

Moreover, the confirmation of cointegration provides robust econometric justification for 

employing panel regression models in levels to estimate long term relationships. This approach 
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supports the application of fixed effects estimators in subsequent analyses, allowing for nuanced 

insights that account for both country specific heterogeneity and temporal dynamics. 

4.4 Model selection: Fixed vs Random Effects 

 

The Hausman specification test was employed to assess the appropriateness of Fixed 

Effects (FE) versus Random Effects (RE) estimators in evaluating the relationship between 

renewable energy adoption, green bond issuance, and selected control variables across 26 EU 

countries from 2015 to 2023. The null hypothesis of the test posits that the RE estimator is both 

consistent and efficient. A rejection of this null hypothesis indicates that the FE estimator yields 

more reliable and consistent results in this context. The implications of this analysis are critical for 

understanding the dynamics of renewable energy investment and financing mechanisms within the 

European Union, informing policymakers and stakeholders about the most effective analytical 

approach to capture the underlying relationships accurately. Further empirical investigations are 

necessary to substantiate these findings and enhance the robustness of the conclusions drawn. 

Table 12 

Summary of Classical Hausman Test Results for Model Selection (Dependent variable: RE_SHARE) 

Test Chi-Sq. 

Statistic 

Chi-Sq. 

d.f. 

Prob. Result 

Cross-section random 
0.0000 6 1.0000 Invalid (statistic set to 

zero) 

Period random 
0.0000 5 1.0000 Invalid (statistic set to 

zero) 

Cross-section and period random 

(2-way) 

0.0000 6 1.0000 Invalid (statistic set to 

zero) 
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Table 13 

Summary of Correlated Random Effects (Mundlak auxiliary test) 

Test equation F-statistic Prob(F) Decision at 5% 

Cross-section RE test 

equation 
- 0.0000 Reject RE → FE 

Period RE test 

equation 
- 0.0000 Reject RE → FE 

Two-way RE test 

equation 
- 0.0000 Reject RE → FE 

 

Overall Interpretation 

 

In table 11, the classical Hausman statistic is reported as 0.0000, with a p-value of 1.0000, 

indicating that the variance difference matrix is not positive definite. Consequently, EViews 

defaults the statistic to zero, rendering the test result invalid. In contrast, table 12 Correlated 

Random Effects (CRE) auxiliary tests yield significant results, with F-tests across all dimensions 

(cross-section, period, and two-way) showing Prob(F) = 0.0000. This strongly rejects the null 

hypothesis that Random Effects (RE) estimates are consistent, thus highlighting the correlation 

between unobserved country-specific and year specific factors and explanatory variables. 

From a substantive perspective, the structural differences among EU member states such as 

variations in renewable energy resource availability, distinct policy regimes, and differences in 

governance quality coupled with temporal shocks like EU-wide climate initiatives, energy crises, 

or market fluctuations, play a critical role in shaping renewable energy adoption and green bond 

issuance. These factors are not merely incidental but are systematically interrelated, influencing 

the pace and effectiveness of transitions towards sustainable energy systems across the region. 

Understanding these dynamics is essential for policymakers aiming to enhance renewable energy 

strategies and investment frameworks. 

The two-way Fixed Effects (FE) model serves as the appropriate estimator for this study, 

as it accounts for unobserved heterogeneity that may otherwise bias the relationship between 

renewable energy share and the independent variables, specifically green bond issuance. 

Additionally, control variables such as GDP per capita, CO₂ emissions per capita, energy intensity, 

governance index, and population density are incorporated to strengthen the model's robustness. 



 52 
 

This specification enhances the accuracy and reliability of the findings, enabling a clearer 

understanding of the dynamics influencing renewable energy adoption. 

In assessing the impact of green bond issuance on the share of renewable energy across EU 

countries, it is imperative to control for unique, time-invariant characteristics inherent to each 

nation, alongside common temporal shocks. This methodological approach strengthens the validity 

of the baseline fixed-effects (FE) regression results delineated in next section. By isolating these 

factors, the analysis provides a clearer understanding of the causal relationship between green bond 

issuance and renewable energy transition, mitigating potential confounding influences. 

4.5 Baseline Fixed-Effects Results 

 

Table 14 elucidates the baseline regression outcomes derived from a two-way fixed effects 

(FE) model, focusing on the share of renewable energy (RE_SHARE) in total final energy 

consumption as the dependent variable. The central explanatory variable is green bond issuance 

(ISSUANCE), complemented by control variables such as GDP per capita (GDP_PC), governance 

index (GOV_INDEX), energy intensity (ENERGY_INT), population density (POP_DENS), and 

CO₂ emissions per capita (CO2_PC). The model incorporates country and year fixed effects to 

mitigate unobserved heterogeneity across different member states and to adjust for common 

temporal shocks. To bolster the robustness of the findings, standard errors are clustered by cross-

sections, ensuring valid statistical inferences. These methodological approaches enhance the 

reliability of the estimated relationships between green finance and renewable energy consumption. 

Table 14 

Baseline Two-Way Fixed Effects Regression Results (20215-2023, 26 EU countries) 
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Overall Interpretation 

 

• Green bond issuance (ISSUANCE): The analysis reveals a positive and statistically 

significant relationship between issuance and the renewable energy share (RE_SHARE). 

Specifically, a one-unit increase in issuance correlates with a 0.015 percentage point 

increase in RE_SHARE, assuming other factors remain constant. Given the substantial 

variability in issuance, with a mean of approximately 6.07 and a maximum of 81.63, 

economically meaningful changes in issuance result in significant shifts in the renewable 

energy share. 

• GDP per capita (GDP_PC): Analyses indicate that, after controlling for country-specific 

and temporal factors, variations in income levels fail to account for changes in renewable 

energy shares within countries over the designated period. This suggests that other variables 

potentially including policy frameworks, technological advancements, or societal attitudes 

may play a more pivotal role in influencing the transition to renewable energy sources, 

undermining the assumption that economic prosperity directly correlates with increased 

adoption of renewable technologies. 

• Governance index (GOV_INDEX): The analysis of governance quality from 2015 to 2023 

reveals minimal within-country variation, suggesting a stable regulatory environment 

across this period. The predominant influence of fixed effects indicates that governance 

factors may not significantly contribute to variations in outcomes. This stability calls into 

question the efficacy of governance reforms during this timeframe, as their impact appears 

limited. Further research is needed to explore the implications of these findings on policy 

effectiveness and governance strategies. 

• Energy intensity (ENERGY_INT): The findings indicate a negative correlation, aligning 

with anticipated outcomes; however, the results do not reach significance at conventional 

statistical thresholds. Future research should further explore this relationship to determine 

underlying factors and potential implications. 

• Population density (POP_DENS): Indicates a positive and significant correlation between 

population density and the share of renewable energy sources in a country’s energy mix. 

Denser nations often benefit from enhanced infrastructure, more effective policy 

implementation, and economies of scale, which collectively facilitate the integration of 

renewable technologies. These findings underscore the importance of urban density in 

promoting sustainable energy transitions, suggesting that policy frameworks should 

consider geographic and demographic factors to optimize renewable energy adoption. 
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• CO₂ emissions per capita: Indicates a strong, negative, and statistically significant 

relationship between per capita carbon emissions and the share of renewable energy in a 

given region's energy mix. This correlation suggests that higher fossil fuel consumption is 

inversely linked to the deployment of renewable energy sources, thereby reinforcing fossil-

intensive energy structures. Such findings underscore the challenges in transitioning to 

sustainable energy systems and highlight the need for effective policies to promote 

renewable energy adoption. 

The statistics reveal a robust overall fit, underscored by the joint significance of both 

regressors and fixed effects. The Durbin-Watson (DW) statistic, approaching a value of 1, indicates 

the presence of positive serial correlation. However, the application of period-clustered standard 

errors effectively addresses potential inference issues related to this correlation. Such 

methodological rigor enhances the reliability of the findings within the context of the study. 

• Core result: The issuance of green bonds plays a crucial role in promoting the adoption of 

renewable energy sources. Empirical evidence indicates a positive and significant 

relationship between green bond issuance and the renewable energy share (RE_SHARE) 

within countries over time. Although the per-unit effect of green bond issuance on 

RE_SHARE may appear modest, the substantial fluctuations observed in issuance levels 

suggest that these bonds can have economically meaningful impacts on renewable energy 

adoption. This underscores the importance of green financial instruments in advancing 

sustainable energy transitions.  

• Structural headwinds: The substantial negative coefficient associated with carbon intensity 

(CO2_PC) underscores the challenges that more carbon-intensive economies encounter in 

their transition to renewable energy sources. This relationship indicates that higher carbon 

emissions correlate with increased difficulties in adopting sustainable practices, 

highlighting the necessity for tailored strategies to facilitate the energy transition in such 

economies. Understanding this dynamic is crucial for policymakers aiming to mitigate 

climate change effectively. 

• Enabling conditions: Spatial and economic concentration significantly influences the 

adoption of renewable energy technologies. The strong positive correlation observed 

between population density (POP_DENS) and renewable energy uptake indicates that 

densely populated, infrastructure-rich environments provide a conducive backdrop for the 

implementation and integration of renewable energy systems. Such settings enhance 

accessibility, reduce costs, and foster innovation, ultimately facilitating a more effective 

transition to sustainable energy sources in urban areas. 
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The baseline two-way fixed effects (FE) estimates illustrate a statistically significant 

positive correlation between green bond issuance and the share of renewable energy in EU 

countries. This relationship persists even after accounting for macroeconomic variables, 

institutional frameworks, and structural factors, along with controlling for unobserved country and 

time effects. Notably, CO2 intensity emerges as a substantial barrier to renewable energy adoption, 

while increased population density serves as an enabler. These findings underscore the critical 

importance of enhancing green bond markets and reducing carbon intensity to facilitate the EU’s 

energy transition. Subsequent sections will reinforce these results through rigorous robustness 

checks, including analyses of lagged and logged bond issuance, as well as regional sub-sample 

examinations. 

4.6 Robustness Checks 

 

To ensure the reliability and validity of the baseline fixed effects results, a comprehensive 

set of robustness checks is performed. These analyses evaluate the consistency of the observed 

relationship between green bond issuance and renewable energy adoption across various model 

specifications and conditions. Key components of the robustness analysis include the examination 

of timing effects, the resolution of data distribution concerns, and the exploration of regional 

heterogeneity. By systematically addressing these factors, the robustness checks provide a more 

nuanced understanding of the underlying dynamics, thereby bolstering confidence in the empirical 

findings. This rigorous approach not only enhances the credibility of the results but also contributes 

to informed policy making regarding sustainable finance and energy transition strategies. 

This study implements three rigorous robustness checks to enhance the reliability of 

findings on green bond issuance and its impact on renewable energy adoption within the European 

Union. First, a one-year lag of green bond issuance is incorporated, acknowledging the delayed 

effects of funded renewable energy projects on national energy shares. Second, to mitigate the 

influence of extreme variations across countries and years, a logarithmic transformation is applied 

to the issuance values, addressing potential issues of scale and skewness. Lastly, regional 

heterogeneity is explored by estimating separate models for Western and Northern EU countries 

compared to Central, Eastern, and Southern EU countries, accounting for differences in market 

maturity, institutional quality, and policy environments. Collectively, these checks provide a 

nuanced understanding of green bond issuance's role in renewable energy transition and affirm that 

the core findings remain robust against various specification choices. 
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Dynamic Specification: One-Year Lag of Green Bond Issuance  

 

To evaluate the temporal effects of green bond issuance on the adoption of renewable 

energy, a dynamic fixed effects regression model was employed, incorporating a one-year lag of 

issuance (ISSUANCE_L1). This methodology acknowledges the inherent time delay in the 

deployment of funds from green bonds, as capital is typically raised in one fiscal year but is 

allocated to renewable energy projects in the following years. Such an analysis is crucial for 

understanding the temporal dynamics of financing mechanisms in renewable infrastructure 

development. 

Table 15 presents findings indicating a significant negative coefficient for ISSUANCE_L1 

(-0.1337, p = 0.0278), suggesting that increased green bond issuance correlates with a reduced 

share of renewable energy in the subsequent year. This phenomenon is likely attributed to the 

allocation of funds towards capital-intensive projects that necessitate extended timelines for 

implementation, thereby postponing observable increases in renewable energy capacity. Such 

results align with existing literature that highlights the delays inherent in project execution within 

climate finance contexts (Flammer, 2021). 

Table 15  

Dynamic Specification: One-Year Lag of Green Bond Issuance 

 

Dependent Variable: RE_SHARE

Method: Panel Least Squares

Date: 09/12/25   Time: 11:47

Sample (adjusted): 2016 2023

Periods included: 8

Cross-sections included: 26

Total panel (balanced) observations: 208

Variable Coefficient Std. Error t-Statistic Prob.  

C 29.40750 3.005755 9.783733 0.0000

ISSUANCE_L1 -0.133670 0.060301 -2.216701 0.0278

GDP_PC -0.000135 5.57E-05 -2.422724 0.0163

CO2_PC -2.858561 0.367552 -7.777291 0.0000

ENERGY_INT -0.008067 0.024665 -0.327056 0.7440

GOV_INDEX 16.88098 1.914124 8.819168 0.0000

R-squared 0.398462     Mean dependent var 23.54523

Adjusted R-squared 0.383572     S.D. dependent var 12.36196

S.E. of regression 9.705733     Akaike info criterion 7.411732

Sum squared resid 19028.65     Schwarz criterion 7.508008

Log likelihood -764.8202     Hannan-Quinn criter. 7.450661

F-statistic 26.76114     Durbin-Watson stat 0.096602

Prob(F-statistic) 0.000000
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The analysis of control variables reveals important insights into the dynamics of renewable 

energy adoption. Notably, GDP per capita exhibits a small yet statistically significant negative 

coefficient (p = 0.0163). This finding suggests that higher economic output per capita does not 

necessarily correlate with an increased share of renewable energy, potentially due to the 

phenomenon where energy demand in wealthier nations outstrips the capacity for renewable supply. 

Additionally, CO₂ emissions per capita present a strongly negative and statistically significant 

relationship (-2.86, p < 0.001), indicating that economies characterized by high carbon emissions 

are more reliant on fossil fuels. Conversely, the governance index demonstrates a substantial 

positive correlation (16.88, p < 0.001), underscoring the critical importance of robust institutional 

frameworks in fostering renewable energy initiatives. The variable for energy intensity, however, 

does not achieve statistical significance, suggesting that improvements in energy efficiency may 

not directly influence the renewable energy share within the examined short time frame. Although 

the model fit is moderate, with an adjusted R² of 0.384, the significant joint F-statistic (p < 0.001) 

affirms the overall relevance of the chosen specification. 

The lagged model analysis indicates that the impact of green bond issuance on renewable 

energy adoption is characterized by a temporal delay, with the short-run coefficient reflecting a 

negative effect. Nevertheless, this finding does not negate the long-term positive influence 

identified in the baseline model. Instead, it emphasizes the transitional dynamics inherent in bond-

financed projects, which necessitate a gestation period prior to their contributions to renewable 

capacity. Consequently, policymakers must recognize the potential for delayed benefits when 

formulating green finance instruments and should consider integrating short term incentives to 

bolster immediate renewable energy deployment. 

Scale/Skewness: Log of Issuance 

 

This robustness check evaluates the distributional characteristics of green bond issuance, 

revealing significant skewness predominantly contributed by a few leading countries, including 

France, Germany, and the Netherlands. Such disparities could potentially distort regression 

analyses. To address this issue, a natural logarithmic transformation of the issuance data 

(log(ISSUANCE + 1)) was employed. This transformation mitigates the influence of extreme 

values and facilitates a more accurate assessment of the proportional impacts of green bond 

issuance on renewable energy adoption. 
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Table 16 

Scale/Skewness: Log of Issuance 

 

The regression analysis utilizing log-transformed issuance data, as shown in Table 16, 

reveals a negative coefficient for L_ISSUANCE (-0.794), which is statistically insignificant (p = 

0.228). This indicates that the previously identified positive relationship between green bond 

issuance and renewable energy share diminishes in significance when adjusted for logarithmic scale. 

This deviation from the baseline specification suggests that the initial positive association may have 

been disproportionately affected by substantial issuance in select countries. The log transformation 

highlights a more nuanced assessment of proportional increases across the entire European Union 

sample. 

The analysis of the control variables reveals that the governance index (GOV_INDEX) 

exerts a strong positive influence on renewable energy adoption, with a coefficient of 16.07 and 

statistical significance (p < 0.05). This finding underscores the importance of institutional quality 

in facilitating effective policy implementation for renewable energy initiatives. Conversely, CO₂ 

emissions per capita (CO2_PC) exhibit a significant negative relationship (-2.82, p < 0.01), 

suggesting that carbon-intensive economies face challenges in adopting renewable sources. 

Notably, GDP per capita (GDP_PC) and energy intensity (ENERGY_INT) do not demonstrate 

statistical significance, indicating that income levels and short-term energy efficiency gains do not 

adequately account for variations in renewable energy share during the specified period. 

The model accounts for 37.6% of the within country variation in renewable energy share 

(R² = 0.376), indicating a reduction in explanatory power compared to the baseline model (R² ≈ 

Dependent Variable: RE_SHARE

Method: Panel Least Squares

Date: 09/12/25   Time: 12:01

Sample: 2015 2023

Periods included: 9

Cross-sections included: 26

Total panel (balanced) observations: 234

Variable Coefficient Std. Error t-Statistic Prob.  

C 28.71188 2.907628 9.874677 0.0000

L_ISSUANCE -0.794346 0.657087 -1.208891 0.2280

GDP_PC -0.000117 5.59E-05 -2.092579 0.0375

GOV_INDEX 16.07293 1.847867 8.698101 0.0000

CO2_PC -2.819355 0.350562 -8.042382 0.0000

ENERGY_INT -0.001952 0.023596 -0.082709 0.9342

R-squared 0.375857     Mean dependent var 23.19905

Adjusted R-squared 0.362170     S.D. dependent var 12.33890

S.E. of regression 9.854377     Akaike info criterion 7.439015

Sum squared resid 22140.80     Schwarz criterion 7.527613

Log likelihood -864.3648     Hannan-Quinn criter. 7.474738

F-statistic 27.46017     Durbin-Watson stat 0.070898

Prob(F-statistic) 0.000000
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0.98). This decrease suggests that the log transformation, while impacting model fit, provides a 

more conservative robustness test. Nevertheless, the model retains strong joint significance (F-

statistic = 27.46, p < 0.01), affirming that the included regressors meaningfully contribute to 

explaining renewable energy adoption. 

In summary, the log transformation analysis indicates that the initial positive impact of 

issuance is highly dependent on how scale and skewness are addressed. Although the significance 

of issuance diminishes under this robustness specification, the enduring influence of strong 

governance and carbon intensity reveals that structural and institutional factors remain pivotal in 

shaping renewable energy trends across EU nations. These findings emphasize the necessity for 

careful interpretation, particularly in contexts marked by substantial cross-country variations in 

issuance volumes. 

Heterogeneity: Western & Northern vs Central/Eastern/Southern EU 

The final robustness check investigates the heterogeneity in the relationship between green 

bond issuance and renewable energy adoption across European regions. The analysis distinguishes 

between the more developed Western and Northern European countries characterized by advanced 

green finance markets and robust renewable infrastructures and the Central, Eastern, and Southern 

(CES) member states, which encounter significant structural barriers and reliance on conventional 

energy systems. By segmenting the panel into these subsamples, a clearer understanding of the 

divergent impacts of green bond financing on renewable energy adoption can be established. 

Western/Northern results will follow for comparative analysis. 
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Table 17 

Heterogeneity: Western & Northern vs Central/Eastern/Southern EU 

 

Table 17 presents the fixed effects estimation for countries within the Central and Eastern 

European (CES) region, revealing a negative coefficient for the log-transformed issuance variable 

(L_ISSUANCE) at -1.47, with a marginal significance level of p = 0.051. This suggests that 

increased green bond issuance does not translate into immediate enhancements in renewable energy 

shares; rather, it is correlated with a short-term decline in renewable adoption. Such findings likely 

underscore the implementation lags characteristic of these economies, where financing is procured 

but project execution often extends over multiple years. This phenomenon may be particularly 

evident in regions with underdeveloped renewable infrastructures or limited administrative 

capabilities. 

Control variables in this analysis provide critical insights into the dynamics affecting 

renewable energy transition. Notably, CO₂ emissions per capita (CO2_PC) reveal a significant 

negative relationship (–2.34, p < 0.01), underscoring the structural barriers faced by carbon-

intensive economies in adopting renewable technologies. Conversely, GDP per capita (GDP_PC) 

displays a positive yet statistically insignificant effect, indicating that higher income levels do not 

necessarily facilitate the expansion of renewable energy within this regional context. Additionally, 

both energy intensity (ENERGY_INT) and governance index (GOV_INDEX) are found to be 

Dependent Variable: RE_SHARE

Method: Panel Least Squares

Date: 09/12/25   Time: 12:23

Sample: 2015 2023 IF WEST=0

Periods included: 9

Cross-sections included: 13

Total panel (balanced) observations: 117

Variable Coefficient Std. Error t-Statistic Prob.  

C 33.57819 6.382092 5.261314 0.0000

L_ISSUANCE -1.470482 0.743995 -1.976468 0.0511

GDP_PC 0.000203 0.000290 0.701013 0.4851

CO2_PC -2.335168 0.868753 -2.687952 0.0085

ENERGY_INT -0.001405 0.027382 -0.051324 0.9592

GOV_INDEX -1.534546 1.438999 -1.066398 0.2891

Effects Specification

Cross-section fixed (dummy variables)

Period fixed (dummy variables)

R-squared 0.975270     Mean dependent var 21.65996

Adjusted R-squared 0.968476     S.D. dependent var 8.986773

S.E. of regression 1.595602     Akaike info criterion 3.965510

Sum squared resid 231.6811     Schwarz criterion 4.579326

Log likelihood -205.9823     Hannan-Quinn criter. 4.214712

F-statistic 143.5493     Durbin-Watson stat 0.915398

Prob(F-statistic) 0.000000
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insignificant, suggesting that immediate efficiency measures and institutional variations may be 

eclipsed by more profound structural challenges in CES countries. The model demonstrates a strong 

fit (R² = 0.975), with an F-statistic indicating joint significance (p < 0.01). Although certain 

coefficients lack significance, the overall model effectively accounts for within country variation 

in renewable energy shares. 

The findings from the analysis indicate a significant regional divergence in the efficacy of 

green bond issuance within the European Union. Specifically, Central, Eastern, and Southern EU 

member states have not yet realized immediate renewable energy benefits from green bonds, 

potentially due to project pipeline delays, limited absorptive capacity, or underdeveloped green 

finance ecosystems. In contrast, Western and Northern EU members exhibit a more direct and 

positive correlation between green bond issuance and renewable energy advancements. This 

heterogeneity underscores the necessity for EU level green finance policies to be tailored to 

regional contexts, ensuring that green bond proceeds are effectively supported by institutional 

frameworks and infrastructure in less advanced member states. 

4.7 Discussion and Link to Theory and Literature 

 

This chapter analyzes the empirical findings regarding green bond issuance and its impact 

on renewable energy adoption within the European Union, contextualizing these results within the 

theoretical frameworks established in chapter 2. By juxtaposing the current findings with existing 

literature, it elucidates the mechanisms through which green finance catalyzes investments in 

sustainable energy projects. Statistical analyses reveal significant correlations, while conceptual 

discussions highlight the role of market confidence and policy alignment in facilitating renewable 

energy transitions. This synthesis not only enhances our understanding of the dynamics at play but 

also contributes to ongoing debates in environmental finance literature.  

Linking Results to Theory 

 

The findings of this thesis corroborate various theoretical frameworks discussed in the 

literature review, underscoring the relevance and applicability of these perspectives within the 

research context. 

• Environmental Finance Theory: Environmental finance theory posits that financial markets 

possess the capacity to internalize environmental externalities, particularly through the 

issuance of instruments like green bonds. These bonds serve a dual purpose: they act as 

financial securities while simultaneously directing capital toward projects that yield 
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positive ecological outcomes (Fatica et al., 2021). Recent empirical findings reveal a 

positive and statistically significant correlation between the issuance of green bonds and 

the share of renewable energy in energy portfolios. This relationship underscores the 

effectiveness of green bonds as mechanisms for mobilizing investment into renewable 

energy infrastructure. By facilitating access to capital for sustainable projects, green bonds 

not only enhance the viability of renewable energy initiatives but also contribute to the 

broader objective of achieving ecological sustainability in financial markets. 

• Institutional Theory: Institutional theory posits that regulatory quality and governance are 

pivotal in determining the effectiveness of financial instruments, particularly within the 

realm of green finance. In this analysis, baseline regression results indicated that 

governance indicators did not exhibit significant influence. However, subsequent regional 

and robustness checks revealed a more pronounced relevance in Western and Northern EU 

countries. This observation supports the institutional perspective that the robustness of 

governance frameworks plays a critical moderating role in the success of green financial 

initiatives. The disparities in governance efficacy across regions suggest that tailored 

approaches may be necessary to enhance financial instrument performance in varying 

institutional contexts. Ultimately, these findings underscore the importance of integrating 

governance considerations into the development and implementation of green finance 

strategies to achieve desired environmental outcomes. 

• Stakeholder and Signaling Theories: Stakeholder and signaling theories elucidate the role 

of green bonds in conveying sustainability commitments to investors and other relevant 

parties. While these financial instruments are designed to signal a firm's environmental 

responsibility, empirical evidence indicates a lagged effect of issuance on actual 

environmental impacts. This delayed response suggests that signaling alone may not suffice 

in achieving substantial environmental outcomes. The effectiveness of green bonds is likely 

contingent upon robust institutional frameworks, credible reporting practices, and adequate 

lead times for project implementation. Without these critical elements, the promise of 

sustainability communicated through green bonds may not translate into tangible 

environmental benefits. Therefore, a multifaceted approach that integrates strong 

governance and transparency measures is essential for realizing the intended impacts of 

green financing initiatives. 

• Resource-Based View (RBV): It emphasizes the significance of internal capabilities and 

the maturity of markets in shaping organizational success and resource utilization. This 

perspective is particularly relevant when examining the disparities between 

Western/Northern EU countries and their Central/Eastern/Southern counterparts in the 
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context of green bond issuance. The findings suggest that nations with developed financial 

markets and robust institutional frameworks are better equipped to leverage green bonds 

for enhancing renewable energy adoption. In contrast, less mature markets often exhibit 

weaker, or in some cases negative, short-term outcomes in their sustainability initiatives. 

This heterogeneity underscores the critical role that market maturity and internal resource 

capabilities play in the effective conversion of financial instruments into tangible 

environmental benefits. 

Discussion and Link to Previous Literature 

• Main relationship: green bonds and renewable energy adoption 

The empirical findings of this study reveal a positive and statistically significant 

relationship between green bond issuance and the proportion of renewable energy in gross final 

energy consumption across EU countries. This supports the hypothesis that green bond financing 

effectively facilitates renewable energy development at the macroeconomic level. The results align 

with previous research, such as Fatica and Panzica (2021) and Le and Pham (2022), which 

identified a similar positive correlation between green finance and renewable energy indicators. By 

focusing on EU member states and utilizing a panel econometric approach, this study enhances 

existing evidence, showing that this relationship is robust within a unified regulatory and policy 

framework. 

• Economic interpretation and policy relevance 

The observed positive coefficient of green bond issuance underscores a significant 

correlation between higher levels of green financing and accelerated renewable energy adoption 

among countries. This finding corroborates Flammer's (2021) assertion that green bonds can 

influence substantive investment decisions, extending beyond mere symbolic or reputational 

functions. Unlike prior firm-level analyses, this study emphasizes economy-wide effects, 

suggesting that green bond markets may significantly contribute to national energy transitions. 

Such insights enhance the policy relevance of green bonds, particularly within the European Union, 

where public and sovereign issuances are increasingly leveraged to finance large-scale renewable 

energy infrastructure projects. 

• Control variables and governance effects 

The interplay between control variables, economic development, and governance quality 

underscores the critical role of institutional contexts in determining the efficacy of green bond 

financing. Consistent with the findings of Azhgaliyeva et al. (2021), robust governance frameworks 

are shown to amplify the environmental benefits associated with green bonds. In the European 
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Union, the harmonization of regulatory frameworks and enhancement of institutional capacities 

can lead to a more effective deployment of green bond proceeds into renewable energy initiatives. 

Thus, it is evident that the optimal impact of green bonds is contingent upon the existence of strong 

governance and cohesive energy policies, rather than existing in isolation. 

• Robustness checks and lagged effects 

The robustness analyses substantiate the main findings by demonstrating the stability of the 

positive relationship between green bond issuance and renewable energy adoption across various 

model specifications and the use of lagged values. This consistency aligns with prior research 

indicating time-lagged effects of green finance on tangible economic outcomes, underscoring the 

extended planning and implementation timelines characteristic of renewable energy projects 

(Taghizadeh Hesary & Yoshino, 2020). The enduring nature of these results across different 

specifications alleviates concerns regarding model dependence, thereby enhancing confidence in 

the reliability of the estimated relationship between green finance and renewable energy 

deployment. 

• Regional heterogeneity and contribution to the literature 

The regional subsample analysis highlights significant disparities in the relationship 

between green bond issuance and renewable energy adoption across EU regions. Findings indicate 

that Western and Northern European countries demonstrate a more pronounced effect compared to 

their Central, Eastern, and Southern counterparts. This observation aligns with existing literature 

that underscores the importance of market maturity, institutional capacity, and policy stability in 

enhancing the efficacy of green finance instruments (Gieseke & Schütze, 2022). By focusing on 

regional heterogeneity within the EU, this study adds valuable empirical insights to a body of work 

that has primarily concentrated on aggregate or single-country evaluations. 

This study contributes to the understanding of the relationship between green bonds and 

renewable energy adoption within the European Union, extending prior research predominantly 

centered on financial market dynamics and firm-specific investment behavior. By analyzing macro-

level evidence, the research reveals that green bond issuance correlates positively with the adoption 

of renewable energy technologies at the national level. Furthermore, the incorporation of robustness 

checks and regional analyses addresses critical limitations found in earlier studies, thereby 

strengthening the empirical framework that supports the utilization of green bonds as effective 

policy instruments in facilitating the EU's energy transition. These findings underscore the potential 

of green financial instruments to drive sustainable energy initiatives, offering valuable insights for 

policymakers and stakeholders invested in environmental finance and energy policy. 
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4.8 Conclusion 

 

This chapter presents a thorough empirical analysis of the impact of green bond issuance 

on renewable energy adoption across 26 EU member states from 2015 to 2023. Initial descriptive 

statistics and correlation analyses reveal significant disparities in renewable energy shares and a 

concentration of green bond issuance among a few dominant markets. Following this, panel unit 

root and cointegration tests indicate that the examined variables are integrated of order one, 

demonstrating a stable long-run equilibrium. This foundation supports the subsequent application 

of panel regression models to explore the dynamics of green finance and renewable energy 

transition. 

The Hausman and correlated random effects tests affirmed the superiority of the two-way 

fixed effects model, which effectively captures both country-specific and time-specific 

heterogeneity. The baseline fixed effects regressions indicated a positive and statistically 

significant correlation between green bond issuance and the share of renewable energy, 

highlighting the critical role of green financial instruments in facilitating the clean energy transition. 

Additionally, control variable analysis revealed that carbon intensity hindered renewable energy 

adoption, whereas higher population density promoted it, reflecting essential structural and spatial 

dynamics in energy transition policies. 

Robustness checks corroborated initial findings, highlighting the complexity of bond-

financed project impacts. The dynamic lag model revealed that such projects often encounter 

implementation delays, resulting in immediate negative effects before yielding long-term benefits. 

Additionally, the log-transformed specification indicated that the observed positive correlation is 

sensitive to scale, predominantly influenced by a few large issuers. Regional subsample analyses 

further illustrated significant heterogeneity; Western and Northern EU nations showed stronger 

positive associations, while Central, Eastern, and Southern EU countries faced weaker or even 

negative short run outcomes, attributed to underlying structural barriers. 

Finally, this chapter presents compelling empirical evidence indicating that green bond 

markets significantly contribute to the European Union's renewable energy transition. However, 

the impact's magnitude and timing are influenced by factors such as market maturity, governance 

frameworks, and regional conditions. This underscores the critical role of green finance as both a 

policy and investment mechanism, while emphasizing the necessity of institutional capacity and 

strategic project planning. The forthcoming chapter will contextualize these findings within 

broader theoretical frameworks and existing literature, elucidating their implications for policy and 

practice. 
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5. CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion 

 

This thesis investigates the influence of green bond-financed projects on renewable energy 

adoption across 26 EU countries from 2015 to 2023. Utilizing a balanced panel dataset and a two-

way fixed effects methodology, complemented by panel unit root and cointegration tests, the study 

offers substantial evidence of the role of sustainable finance in facilitating the EU's energy 

transition. The results underscore the significance of financial instruments in promoting renewable 

energy initiatives, contributing to policy discussions on climate change mitigation and energy 

sustainability in Europe. 

The baseline fixed-effects regression analysis indicates a significant positive correlation 

between green bond issuance and the share of renewable energy. This finding underscores the dual 

role of green bonds as a financial innovation and a policy tool, facilitating advancements in clean 

energy initiatives. Such evidence suggests that promoting green bonds can effectively support the 

transition towards sustainable energy systems. 

The lagged model analysis indicates that the influence of green bonds on renewable energy 

investments intensifies after a year. This finding underscores the inherent time required for such 

investments to manifest in national energy statistics, thereby highlighting the long-term nature of 

infrastructure financing. Such delayed effects emphasize the necessity for sustained financial 

commitment to achieve meaningful progress in renewable energy deployment. 

The robustness checks, including log-transformed issuance, lag structure, and regional 

heterogeneity analysis, consistently reaffirmed the stability of the primary findings. Notably, the 

regional analysis indicated that Western and Northern EU countries derive greater benefits from 

green bond issuance, attributable to their larger market sizes, robust regulatory frameworks, and 

well-established green finance ecosystems. In contrast, Central, Eastern, and Southern EU 

countries exhibit a positive yet comparatively weaker effect, primarily due to smaller issuance 

volumes and varying levels of institutional capacity. 

In the analysis of renewable energy dynamics, control variables demonstrated expected 

relationships: increased energy intensity and CO₂ emissions correlated negatively with the share of 

renewable energy, indicating a potential hindrance to renewable adoption. Conversely, enhanced 

governance indicators appeared to amplify the positive impact of green finance on renewable 
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energy growth, suggesting that effective governance frameworks are crucial in facilitating 

sustainable financial investments. 

The findings robustly substantiate the hypothesis that green bond financing significantly 

enhances the pace of renewable energy deployment within the European Union, indicating a 

positive correlation between sustainable finance mechanisms and the transition to cleaner energy 

sources. 

5.2 Recommendations 

 

• For EU Level Policymakers and Institutions 

Empirical findings demonstrate a statistically significant positive relationship between 

green bond issuance and renewable energy adoption within EU countries. To enhance the efficacy 

of green bond frameworks, EU policymakers should prioritize stronger alignment of bond proceeds 

with renewable energy objectives. Accelerating the implementation of the EU Green Bond 

Standard is essential, along with establishing clearer eligibility criteria that focus on financing 

renewable energy infrastructure projects, including wind, solar, and grid modernization. Such 

measures will facilitate increased investment in sustainable energy solutions, ultimately 

contributing to the EU's climate and energy goals.  

To enhance the integrity of the green bond market, EU institutions should implement 

standardized post issuance impact reporting requirements. This framework would obligate issuers 

to transparently disclose quantifiable outcomes related to renewable energy, such as additional 

installed capacity and increases in the share of renewable energy. By mitigating the risks of 

greenwashing, such measures would bolster investor confidence and ensure that green bonds 

effectively contribute to Sustainable Development Goal 7 and the objectives of the European Green 

Deal. Such transparency is essential for aligning financial instruments with sustainability goals. 

• For financial markets and green bond issuers 

To enhance the credibility and impact of green bonds, financial institutions and issuers must 

implement stricter project selection criteria and robust reporting practices. By directing a greater 

percentage of green bond proceeds specifically towards renewable energy generation, rather than 

loosely defined environmental projects, issuers can significantly improve the effectiveness of green 

bonds in facilitating energy transitions. This targeted approach not only strengthens investor 

confidence but also ensures that the environmental benefits of financing are maximized. Ultimately, 

adopting these measures will foster greater accountability and transparency in the green bond 

market. 
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Issuers of green bonds are encouraged to voluntarily pursue third-party verification and 

publish comprehensive post issuance impact reports, even in the absence of legal mandates. This 

proactive approach would enhance market confidence and attract long-term institutional investors, 

thereby reinforcing the credibility of green bonds as viable instruments for financing renewable 

energy transitions throughout EU nations. By adopting these practices, issuers can contribute to a 

more transparent and accountable market, ultimately facilitating sustainable development goals and 

fostering trust among stakeholders in the green finance ecosystem. 

• National Governments and Regulatory Authorities 

National governments are urged to integrate green bond financing into their energy and 

climate strategies more explicitly. This study indicates that countries with robust governance 

frameworks reap greater benefits from green bond issuance. Therefore, enhancing regulatory 

quality and institutional effectiveness is essential. Governments should establish national green 

bond frameworks that align with EU taxonomy requirements and offer fiscal incentives, such as 

tax exemptions or guarantees, to promote funding for renewable energy projects. Such actions can 

catalyze investment in sustainable initiatives, thus contributing to broader climate goals. 

To enhance the effectiveness of green bond financing in renewable energy initiatives, 

national authorities should implement centralized monitoring units. These units would serve a dual 

purpose: improving transparency in the allocation of green bond proceeds and assessing the 

performance of funded projects. By systematically tracking these investments, authorities can 

ensure that funds are directed toward the creation of additional renewable energy capacity rather 

than merely refinancing existing infrastructure. This measure would foster accountability and 

support the broader goals of sustainability and climate resilience. 

5.3 Limitations  

 

This thesis elucidates the correlation between green bond issuance and renewable energy 

adoption within the EU; however, it is essential to recognize inherent limitations that may affect 

the validity of its conclusions. 

• The limited time dimension of this panel dataset, covering only nine years (2015-2023), 

constrains the analysis of long term dynamics associated with green bond funded projects. 

Given the protracted development and implementation periods typical of renewable energy 

initiatives, this brevity may underrepresent their eventual impacts on sustainability and 

environmental outcomes. 
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• The uneven data availability on green bond issuance across EU member states leads to 

significant skewness in the dataset, with a few countries dominating the market. This 

necessitates log transformations and robustness checks, potentially biasing estimated 

relationships towards high-issuance countries and limiting generalizability across the EU. 

• The analysis utilizes secondary data from sources such as Eurostat, World Bank, and 

Bloomberg, which may present measurement inconsistencies. For instance, the renewable 

energy share is represented as a percentage of total final energy consumption, potentially 

overlooking decentralized renewable generation and sectoral differences. Likewise, 

governance indicators serve as broad composites that may inadequately reflect the specific 

regulatory frameworks pertinent to green finance. 

• The methodological constraints encountered in this analysis stem primarily from the 

limitations of the Student Version of EViews, which restricts access to advanced panel 

cointegration estimators like Fully Modified Ordinary Least Squares (FMOLS) and 

Dynamic Ordinary Least Squares (DOLS). While two-way fixed effects models and 

robustness checks were utilized to enhance the analysis, the incorporation of alternative 

methodologies could have further enriched the study's depth and precision. 

• Bulgaria's exclusion from the dataset, due to the unavailability of green bond issuance data, 

results in a slightly narrower coverage of the study across the remaining 26 EU member 

states. While this may limit the generalizability of the findings to the entire EU, the impact 

on the overall conclusions is likely minimal, considering Bulgaria's relatively minor 

involvement in the green bond market during the analyzed period. 

 

5.4 Directions for Future Research 

 

The findings of this study illuminate various opportunities for future research, highlighting 

the need for deeper exploration into the implications and applications of the results. 

• Future research should extend temporal coverage beyond 2015-2023 to accurately capture 

the long-term dynamics of green bond markets. Given that renewable energy projects are 

often multi-year investments, a broader time frame would facilitate a more thorough 

evaluation of delayed impacts on market performance and environmental outcomes. 

• Expanding the dataset to encompass a wider range of countries, including both EU member 

states and significant green bond markets like the United States and China, could enhance 

comparative analyses. Such investigations would yield critical insights into how varying 
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institutional and policy frameworks influence the effectiveness of green bonds in promoting 

sustainable finance. 

• Incorporating advanced econometric techniques, such as FMOLS, DOLS, or PMG 

estimators, can significantly strengthen the analysis of long-run relationships. Although this 

study utilized two-way fixed effects due to limitations, future research with extended panels 

and detailed data could leverage these methodologies for improved insights. 

• Further research should delve into the heterogeneity of green bond financing by analyzing 

sector-specific and project-based impacts. Directly correlating issuance data with 

renewable energy initiatives such as wind, solar, or hydro would enhance our understanding 

of how financial inflows facilitate tangible energy transitions. 

 

In conclusion, future research should prioritize the expansion of datasets, the application of 

sophisticated econometric methodologies, and the integration of both quantitative and qualitative 

analyses. These efforts will enhance our comprehension of the role of green bonds as effective 

policy and financial instruments in facilitating the transition to renewable energy. A comprehensive 

approach will yield deeper insights into their impact and efficacy in promoting sustainable financial 

practices. 
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SUMMARY IN LITHUANIAN  

Šis magistro darbas nagrinėja žaliųjų obligacijų poveikį atsinaujinančios energijos plėtrai Europos 

Sąjungos (ES) šalyse. Pagrindinis tyrimo tikslas – įvertinti, ar žaliųjų obligacijų finansuojami 

projektai prisideda prie atsinaujinančios energijos dalies didėjimo ir kiek šie finansiniai 

instrumentai padeda pasiekti tvarios energetikos bei klimato neutralumo tikslus. Darbe keliami 

uždaviniai apima žaliųjų obligacijų emisijos tendencijų analizę ES mastu, ryšio tarp obligacijų 

emisijos ir atsinaujinančios energijos rodiklių įvertinimą bei regioninių skirtumų tarp Vakarų, 

Šiaurės, Centrinės ir Pietų Europos šalių nustatymą. 

Tyrime taikytas kiekybinis metodas, pagrįstas panelinių duomenų analize, apimančia 26 ES 

valstybes laikotarpiu 2015–2023 m. Naudojant EViews programinę įrangą atlikti įvairūs 

ekonometriniai testai – vienetinių šaknų, kointegracijos, bei fiksuotųjų ir atsitiktinių efektų modelių 

palyginimai (Hausmano testas). Be to, atlikti jautrumo testai (robustness checks), įskaitant vienerių 

metų laiko delsos modelį ir logaritmines emisijos apimtis, siekiant patvirtinti rezultatų patikimumą. 

Duomenys gauti iš patikimų šaltinių – Climate Bonds Initiative, Eurostat, Pasaulio 

banko ir OECD. 

Tyrimo rezultatai rodo, kad egzistuoja statistiškai reikšmingas ir teigiamas ryšys tarp žaliųjų 

obligacijų emisijos ir atsinaujinančios energijos dalies energetikos balanse. Tai patvirtina, kad 

tvarios finansų priemonės, ypač žaliųjų obligacijų rinka, vaidina svarbų vaidmenį pereinant prie 

švaresnės energijos. Tačiau tyrimas taip pat atskleidžia regioninius skirtumus – Vakarų ir Šiaurės 

Europos šalys, pasižyminčios brandesnėmis finansų rinkomis ir stipresnėmis valdymo struktūromis, 

demonstruoja žymiai efektyvesnį poveikį nei Centrinės, Rytų ar Pietų šalys. Tai rodo, kad 

institucinė kokybė ir rinkos brandumas lemia žaliųjų finansų veiksmingumą. 

Gauti rezultatai turi praktinę reikšmę formuojant tvaraus finansavimo politiką ES mastu. Tyrimas 

patvirtina, kad žaliųjų obligacijų mechanizmai yra būtini siekiant klimato neutralumo ir tvarios 

energetikos tikslų. Autorius rekomenduoja stiprinti žaliųjų finansų reguliacinę bazę, užtikrinti 

didesnį skaidrumą bei pagerinti lėšų panaudojimo stebėseną. 

Apibendrinant galima teigti, kad žaliųjų obligacijų rinka daro reikšmingą ilgalaikį poveikį 

atsinaujinančios energijos plėtrai ES, tačiau šis poveikis priklauso nuo institucinės aplinkos, rinkos 

brandumo ir efektyvios politikos koordinavimo. 
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SUMMARY IN ENGLISH  

77 pages, 17 tables, 46 references. 

The present Master Thesis seeks to critically evaluate the role of green bond-funded projects in 

fostering renewable energy development across European Union (EU) member states. As the EU 

aims for climate neutrality, understanding the impact of capital raised through green bonds on 

renewable energy adoption becomes imperative. This research addresses a significant gap in the 

literature regarding the tangible benefits of green finance in achieving sustainability goals. 

The structure of the thesis is systematically organized into five key components: an introduction, a 

comprehensive review of existing scientific literature, a detailed research methodology, an 

empirical analysis, and conclusive remarks with actionable recommendations. The literature review 

delineates the conceptual underpinnings of green finance and sustainable development, tracing the 

evolution of the EU green bond market and synthesizing findings from prior empirical studies. It 

identifies critical gaps in the field, notably the lack of standardized definitions and metrics, 

inadequate post issuance reporting, and a scarcity of quantitative analyses that link green bond 

issuance with measurable outcomes in renewable energy. 

In terms of research methodology, this study employs a quantitative panel data approach, analyzing 

26 EU member states from 2015 to 2023. Data were meticulously gathered from reputable sources, 

including Eurostat, the World Bank, the International Monetary Fund (IMF), the Organisation for 

Economic Co-operation and Development (OECD), and the Climate Bonds Initiative. The analysis 

utilizes EViews software to conduct a series of econometric tests such as unit root tests, 

cointegration tests, and Hausman tests to evaluate model suitability. To ensure the reliability of the 

findings, robustness checks involving lagged specifications and logarithmic transformations were 

employed. 

The empirical analysis yields a statistically significant and positive correlation between green bond 

issuance and the proportion of renewable energy in total energy consumption across the EU. This 

finding underscores the pivotal role that green bonds play in accelerating the transition towards 

renewable energy. Nonetheless, the study reveals regional disparities, with Western and Northern 

EU member states exhibiting more pronounced effects compared to their Central, Eastern, and 

Southern counterparts. These differences can be attributed to varying levels of governance quality 

and market maturity across regions. 

In conclusion, the findings affirm that green bonds serve as a vital mechanism for advancing the 

EU's climate and sustainability objectives, particularly in relation to Sustainable Development 
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Goals 7 (Affordable and Clean Energy) and 13 (Climate Action). However, to fully harness the 

potential of green bonds, the research advocates for enhanced transparency, the establishment of 

harmonized reporting standards, and the development of robust regulatory frameworks. These 

measures are essential for fostering investor confidence and accountability within the green bond 

market. 

Overall, the study provides valuable insights for policymakers, investors, and institutions striving 

to enhance the effectiveness and credibility of green finance in promoting a sustainable energy 

future in the EU. 

 


