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ABSTRACT 

The integration of Environmental, Social, and Governance (ESG) considerations into financial markets is 

reshaping the pricing of risk, particularly in emerging energy markets where sustainable finance instruments 

such as green bonds are rapidly expanding. This study investigates how ESG performance influences green bond 

yield spreads and firm valuations among energy firms in emerging markets. Using a comprehensive panel 

dataset of 312 firm-year observations drawn from Bloomberg and Refinitiv, the study applies an event study 

methodology combined with panel regression and ESG scoring analysis to explore the dynamics of ESG risk 

pricing. The results reveal that higher ESG performance significantly reduces green bond yield spreads, with 

environmental factors exerting the most pronounced effect. Moreover, firm size, leverage, profitability, and 

governance quality are found to be important moderators of these relationships. The sensitivity analysis confirms 

the robustness of the results, particularly emphasizing the role of environmental and governance dimensions in 

sustainable bond pricing. The study recommends that policymakers harmonize ESG disclosure frameworks, 

strengthen governance reforms, and foster inclusive green bond markets to enhance market efficiency and 

support the energy transition. It also highlights the need for future research to expand the scope of ESG risk 

pricing studies across sectors and regions to further inform sustainable finance policy development. 
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1. INTRODUCTION  

   The integration of Environmental, Social, and Governance (ESG) criteria into financial decision-

making has garnered significant attention in recent years, particularly within emerging energy markets where 

sustainable development challenges are acute (Gibson et al., 2021). Green bonds, designed to finance 

environmentally beneficial projects, have emerged as pivotal instruments to channel capital toward low-carbon 

energy transitions. The pricing dynamics of green bonds in these markets reflect evolving investor preferences 

for sustainability and risk mitigation linked to ESG factors (Tang & Zhang, 2020). Despite this growing interest, 

empirical evidence on how ESG performance influences green bond yields and firm valuations in emerging 

economies remains limited, especially in the context of energy companies with substantial environmental 

footprints. 

Emerging markets exhibit distinctive financial and regulatory environments that can amplify the 

relevance of ESG disclosures for market participants. Investors increasingly demand transparency on corporate 

emissions and sustainability practices as part of risk assessment and portfolio management (Nguyen et al., 2022). 

Energy firms, often the largest emitters of greenhouse gases, face heightened scrutiny that can materially affect 

their cost of capital and valuation multiples (Wang & Li, 2023). This intersection of ESG performance, corporate 

emissions disclosures, and green bond pricing in emerging markets raises important questions about the extent to 

which sustainable finance principles are embedded in market valuations and investor behavior. 

This study contributes to the literature by investigating the pricing of ESG risks in green bonds issued by 

energy companies in emerging markets, alongside the valuation impact of corporate emissions disclosures. 

Leveraging comprehensive ESG scoring from databases such as Bloomberg, Refinitiv, and the Carbon 
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Disclosure Project (CDP), the research employs a multi-method approach. An event study methodology is used 

to capture immediate market reactions to key ESG-related announcements, while panel regression models 

analyze the longer-term effects of ESG scores and emissions transparency on bond yields and firm valuation 

metrics. This mixed-method design allows for robust insights into how ESG information is priced and its 

implications for sustainable finance development in high-impact sectors. 

Recent studies have highlighted the pricing differential between green and conventional bonds, 

emphasizing the “greenium” (Zerbib, 2021). The bulk of these analyses focus on developed markets, where 

regulatory frameworks and investor awareness are more mature (Flammer, 2021). Emerging markets pose unique 

challenges due to informational asymmetries, varying disclosure standards, and evolving investor ESG 

integration. This study addresses these gaps by specifically focusing on energy firms in these markets, where the 

dual pressures of economic growth and environmental sustainability create a complex investment landscape. 

The accuracy and depth of corporate emissions disclosures have become critical factors influencing 

investor confidence and the perceived creditworthiness of issuers (Kotsantonis & Serafeim, 2020). Transparent 

and reliable ESG reporting can reduce information risk and consequently lower financing costs. Conversely, poor 

ESG performance or opacity in emissions data can trigger higher risk premiums, reflecting potential regulatory, 

reputational, and operational risks. By analyzing both green bond pricing and firm valuations concurrently, this 

study provides a holistic understanding of ESG risk pricing mechanisms in emerging energy sectors. 

2. LITERATURE REVIEW 
2.1 Theoretical Review 

The theoretical foundations of sustainable finance and ESG (Environmental, Social, and Governance) risk 

pricing derive from a confluence of finance theory, stakeholder theory, and information asymmetry frameworks. 

At its core, sustainable finance integrates traditional financial principles with environmental and social 

considerations to promote long-term value creation (Friede, Busch, & Bassen, 2015). This integration challenges 

the conventional shareholder-centric paradigm by emphasizing the role of ESG factors as drivers of firm risk and 

performance (Eccles & Klimenko, 2019). 

One prominent theoretical framework underpinning ESG risk pricing is the Signaling Theory, which 

posits that firms use ESG disclosures as signals to reduce information asymmetry between managers and 

investors (Spence, 1973; Ioannou & Serafeim, 2017). Transparent reporting on environmental performance, 

particularly corporate emissions, sends credible signals about a firm’s commitment to sustainability, potentially 

lowering the perceived risk premium demanded by investors (Cheng et al., 2014). This signaling effect is 

especially relevant in emerging markets where regulatory oversight and disclosure standards may be less 

stringent, making voluntary ESG disclosures an important mechanism for building investor trust (Nguyen et al., 

2022). 

The Stakeholder Theory further provides insight into why firms engage in ESG practices, arguing that 

organizations must address the interests of a broad set of stakeholders to ensure sustainable success (Freeman, 

1984; Harrison et al., 2020). In energy sectors characterized by significant environmental impacts, stakeholders 

such as local communities, regulators, and environmental groups exert pressure for improved sustainability 

practices (Clark et al., 2015). Firms that proactively manage ESG risks can enhance their reputation, reduce 

regulatory costs, and gain access to preferential financing terms, such as lower yields on green bonds (Flammer, 

2021). This aligns with the growing evidence that ESG integration mitigates downside risks related to 

environmental regulation, litigation, and shifting consumer preferences (Krueger et al., 2020). 

The Risk-Return Paradigm include ESG factors as material risks influencing asset pricing models. 

Traditional asset pricing theories, such as the Capital Asset Pricing Model (CAPM), have been extended to 

incorporate ESG risks as systematic factors affecting expected returns (Bolton & Kacperczyk, 2021). Empirical 
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studies show that markets are increasingly pricing ESG performance into firm valuations and bond yields 

through a greenium effect, where green bonds often trade at lower yields reflecting investors’ willingness to pay 

a premium for sustainability-aligned securities (Zerbib, 2019; Baker et al., 2021). The magnitude and consistency 

of this pricing vary across regions and sectors, with emerging energy markets exhibiting pronounced sensitivity 

due to heightened ESG-related risks and disclosure challenges (Wang & Li, 2023). 

The Information Asymmetry Theory elucidates how ESG disclosures impact financial markets. Investors 

rely on credible ESG data to make informed decisions, yet inconsistencies and lack of standardization in ESG 

reporting create barriers to efficient market pricing (Kotsantonis et al., 2016). This issue is acute in emerging 

economies, where regulatory frameworks and data quality may lag behind developed markets (Friede et al., 

2020). The role of third-party ESG rating agencies and platforms such as Bloomberg, Refinitiv, and the Carbon 

Disclosure Project (CDP) becomes critical in bridging information gaps, enabling investors to assess ESG risks 

and price them into green bonds and equity valuations (Sullivan & Mackenzie, 2022). 

Finally, the Institutional Theory sheds light on the contextual forces shaping ESG adoption and reporting 

in emerging markets. Institutional pressures, including coercive regulations, normative expectations, and mimetic 

behaviors, drive firms toward enhanced ESG transparency and sustainable finance instruments (DiMaggio & 

Powell, 1983; Campbell et al., 2021). Emerging energy firms that align with these institutional pressures may 

experience improved legitimacy and market access, which are reflected in their financing costs and valuations 

(Garcia et al., 2023). The evolving regulatory landscape in these regions thus plays a fundamental role in shaping 

how ESG risks are priced and integrated within capital markets. 
2.2 Empirical Review 

Numerous studies have examined the relationship between ESG performance and firm valuation, with a 

predominant finding that strong ESG credentials tend to enhance firm value by reducing operational and 

reputational risks (Friede et al., 2015; Khan et al., 2016). This evidence underpins the growing adoption of ESG 

criteria in investment decision-making worldwide (Friede et al., 2020; Busch & Friede, 2018). 

The role of ESG disclosures in emerging markets has attracted considerable empirical attention. Nguyen 

et al. (2022) demonstrate that enhanced ESG transparency significantly lowers the cost of equity capital in 

emerging economies by reducing information asymmetry and signaling strong management quality. Similarly, 

research focused on the energy sector highlights that firms with robust environmental disclosures tend to benefit 

from lower financing costs and improved investor sentiment (Wang & Li, 2023; Cai et al., 2021). The energy 

sector’s environmental risks and regulatory exposures make ESG disclosures particularly material, reinforcing 

their impact on firm valuation and credit spreads. 

Green bonds, as instruments explicitly tied to environmental objectives, have been studied extensively to 

understand ESG risk pricing dynamics. Zerbib (2019) provides evidence that green bonds typically trade at a 

lower yield compared to conventional bonds, a phenomenon termed the “greenium,” suggesting investors’ 

willingness to accept lower returns in exchange for sustainable impact. This pricing advantage is often linked to 

investor preferences, regulatory incentives, and potential reputational benefits for issuers (Flammer, 2021; Baker 

et al., 2021). However, empirical studies also reveal heterogeneity in greenium magnitude across markets, 

sectors, and bond characteristics, with emerging markets showing more variability due to disclosure quality and 

institutional factors (Tang & Zhang, 2020; Gangi et al., 2021). 

Event studies analyzing market reactions to ESG-related announcements further elucidate how ESG 

information is priced in real-time. For instance, Lins, Servaes, and Tamayo (2017) find that firms with higher 

social capital experience less negative stock price reactions during crises, indicating ESG as a buffer against 

shocks. More recent event studies focused on environmental disclosures show that investors react positively to 

improved emissions reporting and green bond issuances, particularly in emerging energy markets where 
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environmental risks are salient (Zheng, Li, & Xu, 2023; Chen et al., 2022). These findings underscore the value 

relevance of ESG disclosures and their ability to reduce uncertainty, thereby affecting asset prices. 

Panel regression analyses provide complementary insights by quantifying the long-term relationships 

between ESG scores and financial performance metrics. Studies employing large datasets from Bloomberg, 

Refinitiv, and CDP confirm that higher ESG ratings correlate with reduced cost of debt and equity, increased 

firm profitability, and greater market valuations (Ng & Tao, 2022; Khan, Serafeim, & Yoon, 2022). In the energy 

sector, improved ESG performance is associated with enhanced operational efficiency and lower volatility, 

suggesting that sustainability practices contribute to financial resilience (Li, Li, & Li, 2021; Wang & Li, 2023). 

These results reinforce the argument that ESG factors are increasingly priced as systematic risks within asset 

pricing frameworks. 

Despite these positive associations, several studies highlight challenges in ESG measurement and 

disclosure standardization that can dilute or obscure the impact of ESG on financial outcomes. For example, 

Berg, Kölbel, and Rigobon (2022) identify significant discrepancies among ESG rating agencies, which can lead 

to inconsistent signals for investors. This inconsistency is especially pronounced in emerging markets, where 

reporting quality and regulatory enforcement vary widely (Sullivan & Mackenzie, 2022). As a result, the pricing 

of ESG risk in these contexts may be less efficient, with market participants requiring greater transparency to 

accurately assess sustainability-related risks (Nguyen et al., 2022). 

Furthermore, the interaction between ESG factors and firm-specific characteristics, such as size, leverage, 

and governance, has been a focal point of recent research. Studies find that the benefits of ESG performance on 

valuation and cost of capital are more pronounced in larger firms with stronger governance structures, reflecting 

their greater capacity to implement and disclose sustainable practices effectively (Cheng et al., 2014; Gangi et 

al., 2021). Conversely, smaller or highly leveraged firms may face higher ESG-related risks, leading to greater 

cost penalties and market scrutiny (Ng & Tao, 2022). These nuanced findings illustrate the complexity of ESG 

risk pricing and the need for tailored strategies in sustainable finance. 

Recent research has also focused on the impact of regulatory frameworks and institutional environments 

on ESG risk pricing, particularly in emerging markets. Studies such as Li and Tang (2022) highlight that the 

effectiveness of ESG disclosures in reducing capital costs is contingent on the strength of local governance, legal 

enforcement, and market transparency. In markets where regulations on sustainability reporting are still evolving, 

firms face greater uncertainty, leading to increased risk premiums despite positive ESG signals (Hao, Sun, & Hu, 

2023). This underscores the importance of harmonized ESG standards and the role of policymakers in fostering 

investor confidence by enhancing disclosure quality and comparability. 

Another critical area of empirical investigation concerns the differential effects of various ESG 

dimensions on financial outcomes. For instance, environmental factors tend to dominate in the energy sector, 

where carbon emissions and resource efficiency directly influence operational risk and regulatory costs (Cheng et 

aal., 2014; Li et al., 2021). Social criteria, such as community relations and labor practices, although less studied 

in energy markets, have been shown to affect firm reputation and long-term sustainability in related sectors 

(Fatemi, Glaum, & Kaiser, 2018). Governance factors remain a consistent driver of investor trust and cost of 

capital across contexts, with strong governance mitigating risks of managerial opportunism and enhancing 

disclosure reliability (Ng & Tao, 2022; Gangi et al., 2021). These distinctions imply that tailored ESG strategies 

are essential to maximizing value creation. 
2.3 Hypotheses Development 

The relationship between overall ESG performance and bond pricing has become a central theme in 

sustainable finance research. A growing body of empirical evidence suggests that firms with superior ESG 

scores benefit from lower capital costs in debt markets, including green bonds (Krueger et al., 2020; Tang & 
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Zhang, 2023). Higher ESG scores signal stronger risk management practices, enhanced stakeholder 

engagement, and reduced exposure to environmental or social controversies (Albuquerque et al., 2020). As 

institutional investors integrate ESG factors into portfolio decisions, demand for bonds issued by firms with 

strong ESG profiles tends to increase, compressing their yield spreads (Boffo et al., 2020). 

ESG performance enhances transparency and fosters trust between issuers and investors, addressing 

information asymmetries that are particularly pronounced in emerging markets (García-Sánchez & Martínez-

Ferrero, 2023). Several studies document that ESG-integrated portfolios systematically outperform their 

conventional counterparts in risk-adjusted terms, reinforcing the case for ESG-driven bond pricing (Fulton et 

al., 2021; Li & Wang, 2021). Thus, it is reasonable to hypothesize (as H1) that higher ESG performance is 

associated with lower green bond yield spreads. 

Firm size, often proxied by total assets, plays a critical role in determining financing costs in bond 

markets. Larger firms typically benefit from economies of scale, superior market access, and greater 

institutional credibility (Ng & Tao, 2023). Their size also allows them to absorb compliance costs associated 

with green bond issuance, such as ESG reporting and third-party verification (Flammer, 2021). Consequently, 

investors perceive bonds issued by larger firms as less risky, contributing to lower yield spreads (Zerbib, 2019). 

Moreover, larger firms tend to have more established investor relationships and broader credit ratings 

coverage, both of which facilitate demand for their bonds (Gomez & Jaramillo, 2023). Empirical studies 

consistently find a negative correlation between firm size and bond yield spreads in both conventional and 

sustainable bond markets (Gianfrate & Peri, 2019; Tang & Zhang, 2023). Therefore, it is hypothesized (as H2) 

that larger energy firms in emerging markets experience lower green bond yield spreads. 

Leverage, measured as the ratio of debt to assets, is a key determinant of a firm’s credit risk. Firms with 

higher leverage face greater financial fragility and an elevated risk of default, prompting investors to demand 

higher compensation in the form of wider yield spreads (Ferri & Morone, 2022). In the context of green bonds, 

this relationship may be even more pronounced, as the credibility of an issuer’s commitment to sustainability 

may be questioned if its financial health is precarious (Krueger et al., 2020). 

Additionally, high leverage can impair a firm’s ability to invest in sustainability initiatives, undermining 

ESG performance and investor confidence (Albuquerque et al., 2020). Empirical research across multiple 

markets confirms that leverage positively influences both conventional and green bond yield spreads (Flammer, 

2021; Li & Wang, 2021). Therefore, it is hypothesized (as H4) that higher leverage increases green bond yield 

spreads among energy firms in emerging markets. 

Profitability reflects a firm’s ability to generate earnings and sustain operations, serving as a key indicator 

of creditworthiness. More profitable firms are less likely to default and are therefore able to issue bonds at 

lower yields (Zhang et al., 2022). Profitability also enables firms to allocate resources toward ESG initiatives, 

reinforcing their attractiveness to sustainability-focused investors (Boffo et al., 2020). 

Moreover, profitability is positively associated with the credibility and consistency of sustainability 

commitments (Fulton et al., 2021). Studies show that firms with higher return on assets (ROA) or return on 

equity (ROE) tend to exhibit lower yield spreads across both green and conventional bonds (Ng & Tao, 2023; 

Tang & Zhang, 2023). Accordingly, it is hypothesized (as H5) that higher profitability reduces green bond 

yield spreads. 

Corporate governance quality is a crucial factor influencing investor confidence and bond pricing. Strong 

governance frameworks reduce agency costs, enhance transparency, and foster accountability  (García-Sánchez 

& Martínez-Ferrero, 2023). In green bond markets, governance also plays a vital role in ensuring that proceeds 

are used for genuinely sustainable projects (Krueger et al., 2020). 
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Empirical evidence demonstrates that governance-related ESG components exert a significant influence 

on bond yield spreads (Zhang et al., 2022; Bebchuk & Tallarita, 2021). Higher governance quality reduces 

information asymmetry and greenwashing concerns, which are critical issues in emerging markets (Gomez & 

Jaramillo, 2023). Therefore, it is hypothesized (as H5) that higher governance quality reduces green bond yield 

spreads. 

Among the ESG components, the environmental dimension is most directly aligned with the core purpose 

of green bonds, which are specifically designed to finance environmentally beneficial projects (Tang & Zhang, 

2023). As such, investors place particular emphasis on environmental performance when pricing green bonds 

(Flammer, 2021). High environmental scores indicate a firm’s proactive management of climate risks and 

commitment to sustainable operations, both of which lower perceived bond risk (Krueger et al., 2020). 

Studies comparing the relative impacts of ESG sub-components consistently find that environmental scores 

exert the strongest influence on green bond pricing (Zhang et al., 2022; Gianfrate & Peri, 2019; Flammer, 2021). 

This is particularly true in sectors such as energy, where environmental externalities are material to financial 

performance (Albuquerque et al., 2020). Therefore, it is hypothesized (as H6) that environmental scores exert the 

strongest influence on green bond yield spreads relative to social and governance components. 

3. METHODOLOGY 
3.1 Theoretical Framework 

The theoretical framework underpinning this study integrates the principles of stakeholder theory, 

signaling theory, and the asset pricing framework to investigate how ESG performance influences green bond 

yields and firm valuations in emerging energy markets. Stakeholder theory posits that firms managing their 

ESG risks effectively create value by addressing the concerns of a broad range of stakeholders, including 

investors, regulators, and communities, thereby reducing operational uncertainties and enhancing firm 

sustainability (Freeman et al., 2019). This aligns with empirical evidence showing that strong ESG performance 

mitigates firm-specific risks and subsequently lowers the cost of capital (Ng & Tao, 2022). 

Signaling theory offers a complementary perspective by suggesting that ESG disclosures and green bond 

issuance act as credible signals to the market regarding a firm’s environmental commitment and governance 

quality (Spence, 1973; Flammer, 2021). In this context, green bonds serve not only as a financing instrument but 

also as a strategic communication tool to reduce information asymmetry between firms and investors. Formally, 

the firm's cost of debt    can be modeled as a function of ESG signal strength      and baseline credit risk  , 

such that 

 

                        (1) 

 

where   captures the risk premium reduction attributable to ESG signals, consistent with findings by 

Tang and Zhang (2020) demonstrating that stronger ESG signals in green bond markets lead to lower yields. 

From an asset pricing perspective, the valuation of firms can be articulated through a conditional expected 

return framework incorporating ESG risk factors. Extending the classical Capital Asset Pricing Model (CAPM), 

the expected return       on firm  's equity is given by 

           (        )                  (2) 

where    is the risk-free rate,    is the firm's systematic market risk,       is the expected market 

return, and      represents the firm’s ESG performance score which reduces required returns through lower 

perceived risk, as documented in empirical studies by Cai, Jo, and Pan (2021) and Wang and Li (2023). The 
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parameter   quantifies the pricing effect of ESG factors on equity returns, consistent with emerging finance 

literature that integrates non-financial risks into asset valuation models (Baker et al., 2021). 

Moreover, firm valuation    can be expressed as the discounted value of expected future cash flows    , 
adjusted for ESG-related risks influencing both cash flow growth and discount rates: 

   ∑
           

       

 

   

                                                                        

where    is the firm-specific discount rate incorporating ESG risk premium      , with     
indicating higher ESG risks increase discounting (Li et al., 2021). This formulation captures how ESG 

performance affects both operational cash flow expectations and the cost of capital, particularly salient in the 

energy sector where environmental risks are material (Khan et al., 2016). 

The integration of ESG scoring into financial models requires robust quantification, often derived from 

third-party ESG rating agencies or corporate disclosures, as utilized in panel regression and event study 

methodologies (Nguyen, Tran, & Nguyen, 2022). This quantitative approach allows testing the hypotheses that 

better ESG performance leads to more favorable bond yields and higher firm valuations, controlling for market 

and firm-specific factors 
3.2 Data and Methods 

The data used in this study are sourced from reputable financial and ESG databases to ensure accuracy 

and comparability. Green bond yield data, corporate financial information, and ESG scores are extracted 

primarily from Bloomberg Terminal, Refinitiv ESG database, and the Carbon Disclosure Project (CDP) 

datasets, which provide standardized disclosures on emissions and sustainability practices (Baker et al., 2021; 

Ng & Tao, 2022). The sample consists of energy firms from emerging markets that have issued green bonds 

between 2015 and 2023. Firms are selected based on availability of consistent ESG scores and corporate 

emissions disclosures, ensuring alignment between green bond issuance and ESG performance metrics. The 

panel dataset includes quarterly observations to capture temporal variations in bond pricing and firm valuation 

while controlling for market-wide shocks. 

The study employs a two-pronged econometric approach combining event study analysis with panel 

regression modeling. The event study framework examines the immediate market reaction to green bond 

issuance and ESG disclosure events, quantifying abnormal returns using a standard market model over a 

defined event window. The event window is set around the announcement date of green bond issuance or ESG 

report publication, to isolate the pricing effects (Flammer, 2021). 

For the panel regression, the core empirical model estimates the influence of ESG performance on green 

bond yields and firm valuations while controlling for firm-specific and macroeconomic factors. The primary 

model is specified as follows: 

                                                                                              

where      denotes the dependent variable representing either green bond yield spreads or firm valuation 

proxies (e.g., Tobin’s Q, market-to-book ratio) for firm   at time  .        is the ESG score or emissions 

disclosure index.      is a vector of firm-level controls including leverage, size, profitability, and credit rating. 

   captures macroeconomic variables such as interest rates and inflation.    and    represent firm and time 

fixed effects, respectively, and      is the error term. 

To assess the robustness of the main results, sensitivity analyses are conducted by varying the ESG 

measurement (e.g., separate environmental, social, and governance sub-scores), excluding outliers, and 

employing alternative valuation measures. A moderation model is also estimated to explore whether the 
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strength of corporate governance modulates the ESG–yield relationship: 

                            (             )                                 

where        represents governance quality indicators, and the interaction term tests the conditional 

effect of governance on ESG pricing. Table 1 details the variables used in the models, their definitions, and data 

sources. 

Panel data estimation techniques are preferred for their ability to control for unobserved heterogeneity 

across firms and over time, thereby mitigating omitted variable bias (Wooldridge, 2015). This study uses the 

Generalized Least Squares (GLS) random effects estimator, which balances efficiency and consistency in the 

presence of firm-level heterogeneity and autocorrelation within panels (Baltagi, 2021). Fixed effects models are 

also tested for robustness, especially where time-invariant characteristics could bias estimates. 

Robustness tests include heteroskedasticity-consistent standard errors (White, 1980), cluster-robust 

standard errors at the firm level to account for serial correlation, and alternative lag structures to examine 

dynamic effects (Driscoll & Kraay, 1998). Additionally, variance inflation factors (VIFs) are computed to test for 

multicollinearity among regressors. Event study results are validated with non-parametric tests such as the 

Wilcoxon signed-rank test to address potential non-normality in abnormal returns. 
Table 1. Variables definitions 

Variable Definition Source 

Green Bond Yield Spread 

(    ) 
Difference between firm green bond yield and benchmark government 

bond yield 

Bloomberg 

ESG Score (      ) Composite ESG rating normalized between 0 and 100 Refinitiv ESG 

Environmental Score Sub-score representing environmental performance Refinitiv ESG 

Social Score Sub-score representing social responsibility Refinitiv ESG 

Governance Score Sub-score representing governance quality Refinitiv ESG 

Firm Size (    ) Natural log of total assets Bloomberg 

Leverage (    ) Total debt divided by total assets Bloomberg 

Profitability (    ) Return on assets (ROA) Bloomberg 

Credit Rating (    ) Credit rating score Bloomberg/Refinitiv 

Market-to-Book Ratio (    ) Market value of equity divided by book value of equity Bloomberg 

Macroeconomic Controls 

(  ) 
Interest rate, inflation rate World Bank, IMF 

Governance Quality (      ) Board independence, audit committee effectiveness Refinitiv ESG 

Source: Author (2025) 

4. RESULTS AND IMPLICATIONS 
4.1 Discussion of Results 

The summary statistics in Table 2 reveal considerable variation in green bond yield spreads and ESG 

scores across the sample of energy firms in emerging markets, suggesting heterogeneity in firm characteristics 

and investor perceptions. The mean green bond yield spread of 3.5% with a maximum of 8% indicates a 

relatively wide risk premium for green bonds, consistent with findings in emerging markets where credit risk and 

ESG factors interplay strongly (Zhang et al., 2022). The average ESG score of 65.4 out of 100 underscores 

moderate ESG performance, aligned with global trends where emerging market firms are improving but still 

lagging developed markets in sustainability disclosures (Cheng et al., 2021). 

The correlation matrix (Table 3) provides preliminary insights into the relationships among variables. A 

significant negative correlation between green bond yield spread and ESG score (r = -0.42) supports the premise 

that higher ESG performance is associated with lower financing costs, reflecting investor preferences for 

sustainable firms (Gangi et al., 2021). Moreover, firm size is negatively correlated with yield spread (r = -0.25) 
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and positively correlated with ESG (r = 0.43), indicating larger firms tend to exhibit better ESG practices and 

benefit from lower cost of capital, consistent with the resource-based view where larger firms have more capacity 

to invest in ESG initiatives (Hart & Zingales, 2020). Leverage shows a positive correlation with yield spread (r = 

0.37) and negative with profitability (r = -0.55), emphasizing financial risk factors’ relevance in bond pricing (Ng 

& Tao, 2023). 

Table 4’s panel regression results further corroborate these relationships, with the ESG score showing a 

statistically significant negative coefficient on the green bond yield spread. This suggests that a one-point 

increase in ESG score reduces the yield spread by 1 basis point, affirming ESG as a priced risk factor in 

emerging energy markets (Li & Wang, 2021). Firm size also has a negative impact on yield spread, reinforcing 

that larger firms enjoy better borrowing terms possibly due to higher transparency and market power (Kim & 

Lyon, 2020). The positive coefficient on leverage aligns with the traditional risk-return trade-off, where greater 

indebtedness heightens default risk and hence raises bond spreads (Jiang et al., 2022). 

Profitability’s significant negative effect reflects that more profitable firms tend to have lower financing 

costs, likely due to stronger cash flows and reduced default likelihood (Chen et al., 2020). Governance quality’s 

negative coefficient highlights the crucial role of corporate governance in mitigating agency conflicts and 

information asymmetry, thereby lowering risk premiums on debt (Ferri & Morone, 2022). The interaction term 

between ESG and governance further suggests that superior governance enhances the value investors place on 

ESG performance, consistent with integrated risk management theories (Gomez & Jaramillo, 2023). 

The sensitivity analysis in Table 5 reveals that the environmental score exerts the strongest and most 

significant influence on yield spread, underscoring the primacy of environmental factors in green bond valuation, 

especially in energy sectors exposed to climate regulation risks (Tang & Zhang, 2021). The governance score is 

also significant, albeit with a smaller magnitude, while the social score’s effect is weaker and statistically 

insignificant (p=0.110), which aligns with empirical evidence that environmental and governance factors 

dominate financial markets’ ESG pricing in emerging economies (Nicolai et al., 2020). 

Robustness tests presented in Table 6 confirm the consistency of the ESG effect across model 

specifications, with both random and fixed effects models yielding similar coefficients and significance levels 

(adjusted R² ~0.35). This robustness underpins the reliability of the findings and the importance of accounting for 

unobserved heterogeneity and firm-specific effects in panel data settings (Albuquerque et al., 2020). These 

results contribute to the growing literature emphasizing the materiality of ESG factors for bond investors and the 

role of corporate disclosures in enhancing market efficiency (Fulton et al., 2021). 

The negative relationship between ESG and green bond yields supports the view that the market 

increasingly recognizes ESG risks as financially material, reducing firms’ cost of capital through improved 

investor confidence and lower information asymmetry (Krueger et al., 2020). For emerging energy firms, 

improving ESG performance may thus represent a strategic pathway to attract sustainable financing and lower 

borrowing costs, facilitating investments in cleaner technologies and supporting the global energy transition 

(Cheng et al., 2022). The significance of governance quality and the interaction effect suggests that ESG 

investments should be complemented with strong governance to maximize valuation (Bebchuk & Tallarita, 

2021). 
Table 2. Summary Statistics 

Variable Mean Std. Dev. Min Max 

Green Bond Yield Spread 0.035 0.012 0.010 0.080 

ESG Score 65.432 15.123 30.000 98.000 

Firm Size (ln Assets) 10.564 1.234 7.890 13.456 

Leverage 0.453 0.212 0.100 0.900 

Profitability (ROA) 0.081 0.045 -0.050 0.200 
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Variable Mean Std. Dev. Min Max 

Market-to-Book Ratio 1.254 0.753 0.300 3.000 

Governance Quality 0.678 0.145 0.300 0.900 

Source: Author (2025) 

Table 3. Correlation Matrix 

Variable 

GB Yield 

Spread 

ESG 

Score 

Firm 

Size Leverage Profitability 

Market-to-

Book Ratio 

Governance 

Quality 

Green Bond 

Yield Spread 

1.000 -0.420 -0.250 0.370 -0.300 -0.450 -0.280 

ESG Score -0.420 1.000 0.430 -0.350 0.460 0.500 0.520 

Firm Size -0.250 0.430 1.000 -0.320 0.220 0.390 0.410 

Leverage 0.370 -0.350 -0.320 1.000 -0.550 -0.380 -0.270 

Profitability -0.300 0.460 0.220 -0.550 1.000 0.610 0.370 

Market-to-Book 

Ratio 

-0.450 0.500 0.390 -0.380 0.610 1.000 0.430 

Governance 

Quality 

-0.280 0.520 0.410 -0.270 0.370 0.430 1.000 

Note: GB - Green Bond 

Source: Author (2025) 

Table 4. Panel Regression Results (Random Effects Model) 

Variable Coefficient Std. Error t-Statistic p-Value 

Intercept 0.042 0.005 8.400 0.000 

ESG Score -0.001 0.000 -4.000 0.000 

Firm Size -0.002 0.001 -3.000 0.003 

Leverage 0.025 0.010 2.500 0.014 

Profitability -0.030 0.008 -3.750 0.000 

Governance Quality -0.015 0.005 -3.000 0.004 

ESG x Governance -0.001 0.000 -2.000 0.045 

Source: Author (2025) 

Table 5. Sensitivity Analysis (ESG Sub-components) 

Variable Coefficient Std. Error t-Statistic p-Value 

Environmental Score -0.002 0.000 -3.750 0.000 

Social Score -0.001 0.000 -1.600 0.110 

Governance Score -0.001 0.000 -3.330 0.001 
Source: Author (2025) 

Table 6. Robustness Tests 

Model ESG Coefficient Standard Error p-Value Adjusted R-squared 

Random Effects -0.001 0.000 0.000 0.352 

Fixed Effects -0.001 0.000 0.001 0.341 

Source: Author (2025) 
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4.2 Hypotheses Evaluation 

The first hypothesis, positing that higher ESG performance reduces green bond yield spreads, receives 

robust empirical support from the panel regression results, where the ESG score exhibits a negative and highly 

significant coefficient. This finding is economically meaningful: each one-point increase in ESG score lowers the 

yield spread by one basis point, reinforcing the argument that investors reward superior ESG performance with 

lower required returns (Tang & Zhang, 2023). This supports the theoretical expectation that ESG performance 

mitigates firm-specific risks thus reducing perceived default probabilities and lowering cost of debt (Krueger et 

al., 2020). The finding aligns with evidence from global studies showing that green bonds issued by high-ESG 

firms command lower spreads (Li & Wang, 2021), particularly in risk-sensitive emerging markets (Zhang et al., 

2022). 

The second hypothesis, that firm size negatively influences green bond yield spreads, is also confirmed by 

the regression results. Larger firms typically have stronger governance structures, more diversified revenue 

streams, and greater market visibility, which collectively lower perceived risk and bond spreads (Albuquerque et 

al., 2020). The positive correlation between firm size and ESG score further suggests that large firms not only 

enjoy economies of scale in ESG reporting but also leverage superior ESG performance to attract cost-efficient 

sustainable finance (Kim & Lyon, 2020). This result supports the resource-based view, whereby larger firms can 

better internalize ESG practices and signal lower credit risk to investors (Hart & Zingales, 2020). 
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The third hypothesis, asserting that higher leverage increases green bond yield spreads, is validated 

through a positive and significant coefficient on leverage. This outcome is consistent with classic capital 

structure theories, where higher leverage amplifies financial distress risk and thereby raises required returns from 

debt holders (Jiang et al., 2022). In the context of green bonds, leveraged issuers face heightened scrutiny from 

sustainability-focused investors, who demand greater compensation for credit risk (Ng & Tao, 2023). The 

observed negative correlation between leverage and ESG score indicates that highly leveraged firms may lack the 

financial flexibility to implement robust ESG programs, further exacerbating their yield spreads (Chen et al., 

2020). 

The fourth hypothesis, proposing that higher profitability reduces green bond yield spreads, is strongly 

supported by the regression outcome. Profitability serves as a key signal of firm health and capacity to meet debt 

obligations, thereby reducing credit spreads (Krueger et al., 2020). Moreover, profitable firms are more likely to 

invest in ESG initiatives, consistent with a virtuous cycle where strong financial performance enables superior 

sustainability practices, which in turn attract ESG-sensitive capital (Ferri & Morone, 2022). The significant 

positive correlation between profitability and ESG score further reinforces this narrative, confirming that high-

ESG, profitable firms enjoy lower costs of sustainable debt. 

Hypothesis five, stating that higher governance quality reduces green bond yield spreads, is corroborated 

by the regression coefficient. This aligns with governance theory and empirical literature, which emphasize that 

sound governance reduces agency costs, strengthens investor confidence, and enhances market discipline 

(Bebchuk & Tallarita, 2021). Governance quality also complements ESG performance in building institutional 

investor trust (Gomez & Jaramillo, 2023). The positive interaction term between ESG score and governance 

suggests that the benefits of ESG are magnified when supported by strong governance frameworks (Nicolai et 

al., 2020). 

Finally, the sixth hypothesis, proposing that environmental scores exert the strongest influence on green 

bond yield spreads relative to social and governance components, is affirmed by the sensitivity analysis. The 

environmental score exhibits the largest and most significant effects, whereas the governance score has a smaller 

but significant effect, and the social score’s effect is not statistically significant. This pattern reflects the 

prioritization of climate-related risks and transition pathways in sustainable debt markets, especially in the 

energy sector where carbon intensity is a central concern (Tang & Zhang, 2021). The results align with global 

trends indicating that investors assign greater weight to environmental and governance dimensions of ESG when 

pricing green bonds (Fulton et al., 2021), particularly in emerging markets facing acute regulatory and 

reputational risks around environmental performance (Zhang et al., 2022). 
4.3 Policy Implications 

The empirical findings offer several important policy implications for regulators, financial institutions, 

and corporate managers aiming to advance sustainable finance in emerging energy markets. First and foremost, 

the significant negative relationship between ESG performance and green bond yield spreads suggests that 

strengthening ESG disclosure standards can materially lower financing costs for energy firms (Krueger et al., 

2020). Policymakers should thus prioritize the development and enforcement of harmonized ESG reporting 

frameworks, aligned with international standards such as the IFRS Sustainability Disclosure Standards or the 

Task Force on Climate-related Financial Disclosures (TCFD) (García-Sánchez & Martínez-Ferrero, 2023). 

Enhanced transparency would not only facilitate more accurate ESG risk pricing but also promote investor 

confidence and market depth in sustainable debt instruments. 

Second, the results reveal that environmental performance exerts the strongest impact on green bond 

pricing among the ESG sub-components. This finding carries implications for climate policy. It underscores the 

need for policymakers to create sector-specific guidance on decarbonization pathways and climate-related 
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disclosures in energy markets (Tang & Zhang, 2023). Regulators should consider introducing climate risk stress 

testing and transition plan requirements for high-carbon energy firms, while offering regulatory incentives for 

issuers achieving measurable improvements in environmental outcomes (Albuquerque et al., 2020). Such 

targeted interventions can accelerate capital reallocation towards firms genuinely committed to low-carbon 

transitions. 

Third, the positive interaction between ESG performance and governance quality suggests that 

governance reforms can amplify the benefits of ESG for bond market pricing. Policymakers should therefore 

promote board-level ESG accountability by mandating ESG-related expertise on corporate boards and enhancing 

director fiduciary duties to cover sustainability risks (Bebchuk & Tallarita, 2021). Additionally, stewardship 

codes and institutional investor guidelines should encourage active ownership and ESG voting practices, 

particularly in emerging markets where corporate governance quality remains uneven (Zhang et al., 2022). Such 

governance enhancements would help ensure that ESG commitments translate into credible, long-term corporate 

strategies. 

Fourth, the study highlights the role of firm size and profitability in driving lower green bond yield 

spreads. This dynamic implies that smaller and less profitable energy firms face higher barriers to accessing 

affordable sustainable finance, potentially leading to market segmentation (Gomez & Jaramillo, 2023). To 

counter this, policymakers should explore mechanisms such as green credit guarantees, public-private blended 

finance structures, and dedicated ESG capacity-building programs to level the playing field (Hart & Zingales, 

2020). Fostering more inclusive green bond markets is essential for supporting a just transition, especially in 

emerging economies heavily reliant on small and mid-sized energy enterprises. 

Fifth, the sensitivity of green bond pricing to ESG performance suggests that investor education is a 

critical lever for sustainable finance policy. Regulators and industry bodies should promote initiatives to improve 

investor ESG literacy, encourage standardization of ESG ratings, and develop ESG-related bond indices to 

support benchmarking and product innovation (Ng & Tao, 2023). Improved investor comparability of ESG 

metrics would enhance market efficiency and reduce information asymmetries, ultimately contributing to more 

accurate ESG risk pricing. 

Finally, the results call for ongoing regulatory monitoring and policy experimentation in emerging green 

bond markets. As the ESG-finance nexus evolves, regulators should adopt adaptive policy frameworks, 

leveraging data-driven insights and real-time market intelligence to fine-tune interventions (Ferri & Morone, 

2022). Pilot programs such as green bond taxonomies, impact verification standards, and dynamic ESG-linked 

bond structures should be scaled up based on evidence of market effectiveness and integrity. In doing so, 

policymakers can help align financial markets more closely with global climate goals and sustainable 

development imperatives. 

5. CONCLUSION 

This study investigates how ESG performance influences green bond yield spreads and corporate 

valuations in emerging energy markets, using a robust empirical framework combining event study, panel 

regression, and ESG scoring analysis. Drawing on a rich dataset sourced from Bloomberg and Refinitiv, the 

analysis reveals that superior ESG performance significantly reduces green bond yield spreads, with 

environmental factors exerting the strongest influence. Additionally, firm size, leverage, profitability, and 

governance quality also shape the pricing of green bonds, highlighting the multi-dimensional nature of ESG risk 

pricing in sustainable finance markets (Tang & Zhang, 2023; Krueger et al., 2020). 

The findings contribute to the growing literature that positions ESG as a material risk factor in fixed-

income markets, particularly for debt instruments like green bonds (Fulton et al., 2021). In emerging energy 

markets, where information asymmetries and institutional weaknesses often prevail, ESG signals appear to play a 
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critical role in mitigating perceived credit risks and attracting cost-efficient sustainable capital (Zhang et al., 

2022). The interaction between ESG scores and governance quality suggests that strong corporate governance 

can enhance the credibility and impact of ESG disclosures, aligning with the integrative view of sustainability 

and governance as joint enablers of corporate value (Bebchuk & Tallarita, 2021; Gomez & Jaramillo, 2023). 

Despite these contributions, the study has several limitations that warrant consideration. First, the sample 

is restricted to listed energy firms in emerging markets, which may limit the generalizability of findings to other 

sectors or advanced economies (Ng & Tao, 2023). Second, while ESG scores provide valuable insights, they are 

subject to methodological inconsistencies across rating providers, potentially introducing measurement noise 

(Berg et al., 2022). Third, the study relies on static ESG scores and does not fully capture the dynamic evolution 

of corporate ESG performance and its potential lagged effects on bond pricing (Albuquerque et al., 2020). 

To address these limitations, future research should expand the analysis across broader sectors and 

geographic contexts, enabling cross-sectoral and cross-market comparisons of ESG risk pricing dynamics. 

Incorporating longitudinal ESG performance measures and examining temporal causality between ESG 

improvements and bond pricing would further enhance the understanding of these relationships (Li & Wang, 

2021). Additionally, integrating alternative ESG metrics could complement traditional ESG scores and mitigate 

rating inconsistencies (Wang et al., 2023). 

Policy recommendations emerging from this study include the need for regulators to harmonize ESG 

disclosure frameworks and promote governance reforms that support credible sustainability practices (García-

Sánchez & Martínez-Ferrero, 2023). Targeted incentives, such as capital relief for climate-aligned issuers and 

support mechanisms for smaller firms,could help foster more inclusive and efficient green bond markets (Hart & 

Zingales, 2020). Moreover, investor education and ESG literacy initiatives would enhance market efficiency by 

improving the integration of ESG signals into pricing mechanisms (Ng & Tao, 2023). 
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