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Abstract

The main purpose of this research is to examine the significance of green bonds and green
banking loans as financing tools for ecologically sustainable projects in the face of increas-
ing worldwide environmental issues. This research seeks to uncover the determinants
of both instruments’ issuance and the obstacles to their acceptance. A thorough system-
atic literature review will be conducted to assess the efficacy of these tools in improving
company financial performance and cost of debt, advancing environmental sustainability,
and influencing investor behavior. This methodology guarantees a comprehensive and
impartial examination of peer-reviewed publications from reputable sources such as Web
of Science and Scopus. Although issues such as greenwashing, market liquidity, and regu-
latory discrepancies still exist, both tools are growing steadily in the sustainable financing
spectrum. The results also suggest that both instruments are influenced by several factors,
often overlapping due to their common focus on financing sustainable projects. The credit
rating, financial health, and overall environmental performance of the issuing entity signifi-
cantly influence the attractiveness and pricing of green bonds, as do the market conditions,
regulatory frameworks, and certification. The environmental profile and creditworthiness
of the borrower are key determinants for green banking loans. The review enhances the
current body of knowledge by presenting a theoretical structure for comprehending the dy-
namics of green debt markets and proposing practical recommendations for policymakers
and financial institutions. Furthermore, it emphasizes the deficiencies in existing research,
including the need for further longitudinal investigations into green bank loans and a more
thorough examination of the notion of ‘greenium’. We searched Web of Science and Scopus
up to 26 April 2024. Eligibility criteria included peer-reviewed English-language studies on
green bonds or green banking loans. After screening, 128 studies were found to have met
the inclusion criteria.

Keywords: green bonds; green bank loans; greenium; regulatory frameworks; greenwashing

1. Introduction

As environmental pressures escalate, the financial sector increasingly acknowledges
the need for instruments that deliver both economic returns and sustainable outcomes.
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Green bonds (GBs) and green banking loans (GBLs) have emerged as central tools in
financing low-carbon initiatives [1,2]. GBs, introduced by the European Investment Bank
in 2013, rapidly expanded as climate-related risks reshaped investor preferences toward
sustainable assets [3]. GBLs, structured to fund projects meeting strict environmental
criteria, further reinforced the role of banks in sustainability transitions [4,5].

Both instruments are grounded in sustainable finance, integrating ESG factors into
investment decisions. GBs enable long-term financing of climate policies while deliver-
ing favorable market outcomes, including enhanced corporate performance and investor
trust [6-8]. Empirical studies also highlight improved profitability and ESG ratings for
issuers [9].

The literature devotes particular attention to the greenium, defined as the yield dif-
ferential between GBs and conventional bonds [10]. Evidence is mixed: some studies
report lower spreads for green issuers [11], while others find no significant association [12].
Market conditions, issuer credibility, and external reviews are critical determinants, with
the energy sector often displaying stronger effects [13]. The greenium’s presence can lower
capital costs, promote green infrastructure, and reinforce demand in both primary and
secondary markets [14].

Research on GBLs indicates positive effects on financial stability, including reduced
default risk and alignment of profitability with environmental responsibility [15,16]. Global
agreements, notably the Paris Agreement, have been instrumental in shaping lending
practices [17]. However, both markets face persistent barriers: risks of greenwashing,
limited liquidity, and high issuance costs [18,19]. Overcoming these requires stronger
regulatory standards, verification mechanisms, and policy incentives [20,21].

Despite growing attention, comparative systematic reviews of GBs and GBLs remain
scarce. This study addresses that gap through a systematic literature review (SLR) aimed
at (i) evaluating their effectiveness for corporate performance, sustainability maturity,
and investor behavior; (ii) identifying issuance drivers and barriers; (iii) assessing the
influence of international policy frameworks; and (iv) providing recommendations for
policymakers and practitioners (financial institutions and investors). By consolidating
existing evidence, this SLR advances our understanding of sustainable debt instruments,
highlights unresolved debates such as the greenium, and identifies opportunities for
further research.

The main objective of this study is to conduct a systematic narrative review of the
academic literature comparing green bonds and green banking loans. Specifically, we aim to
identify and categorize the main research themes and theoretical frameworks that underpin
both GB and GBL studies; examine the empirical evidence regarding pricing behavior,
market maturity, and the existence of a greenium; analyze the role of regulation, governance,
and certification in shaping market credibility and performance; and highlight research
gaps and propose future directions for the development of an integrated understanding of
green finance instruments.

This study contributes to the literature in three key ways. First, it provides the first
comprehensive synthesis directly comparing GBs and GBLs within a unified analytical
framework. Second, it develops a conceptual model linking market characteristics, regu-
latory quality, and financial outcomes, thereby advancing theoretical integration in sus-
tainable finance research. Third, it establishes an agenda for future empirical investigation,
forming the conceptual basis for ongoing quantitative studies on the determinants of the
greenium and strategic decision-making in green financing.

The remainder of the paper is organized as follows. Section 2 describes the method-
ological approach and selection criteria used in the systematic narrative review. Section 3
presents the results, organized by key analytical dimensions such as market develop-
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ment, financial performance, and regulatory context. Section 4 offers a detailed discus-
sion of the findings, connecting them to theoretical perspectives and regional differences.
Section 5 concludes by summarizing the study’s main insights, discussing its limitations,
and outlining recommendations for both policy and future research.

2. Materials and Methods

A systematic review is a structured methodology that identifies, evaluates, and synthe-
sizes existing studies to draw clear conclusions about current knowledge [22]. It enhances
reliability and validity by ensuring inclusivity and reducing bias [23], while also expos-
ing research gaps that inform future studies and theory development [24]. Adherence to
predefined protocols further strengthens replicability, verification, and credibility [25].

2.1. Scope

The scope of this review encompasses studies that primarily address the rapidly
evolving field of GBs and GBLs, which have attracted substantial attention in recent years
for their potential to tackle environmental and social challenges.

Figure 1 presents the conceptual structure guiding the SLR. The review is methodolog-
ically delimited around a set of macro-thematic domains that reflect the principal areas of
academic inquiry within the green finance literature.

General Context
Green Finance

Context Delimitation

Market functioning Environmental and
and dynamics of ESG signalling
green instruments effects
Corporate financial Institutional and
outcomes and value regulatory
implications frameworks
Object of Study

Corpus of academic articles on GB and GBL
from 2008-2024)

——  Field of Study

Corporate finance Banking and credit

markets
Environmental Strategic and
economics and institutional
policy economics

Figure 1. Research context delimitation. Source: The authors.

These domains include market dynamics and the development of green debt in-
struments, ESG signaling and environmental impact, corporate financial performance,
regulatory and policy frameworks, and the strategic behavior of issuers and financial
agents. Rather than outlining procedural steps, the diagram defines the analytical scope
and thematic boundaries of the review, positioning the study within the broader field of
sustainable finance and applied financial economics.

The review covers publications from 2008, marking the inception of green debt,
through the first quarter of 2024. While highlighting global trends, it also considers
regional developments, with emphasis on Europe, North America, and China, where green
finance has advanced most rapidly. The study follows a systematic methodology with
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strict inclusion and exclusion criteria to ensure relevance and quality, retaining only peer-
reviewed works. Eligible studies provide empirical evidence or theoretical insights into
GBs and GBLs. An integrative analytical framework synthesizes findings across multiple
dimensions, including the effectiveness of these instruments in achieving environmental
and financial outcomes, the drivers and barriers to their adoption, and the policy and
regulatory contexts shaping their evolution.

2.2. Search Strategy and Sample Selection

The research aims to analyze the main debt instruments used to finance ESG-based
projects, focusing on green bonds (GB) and green banking loans (GBLs), and to explore
potential correlations between them. To achieve this, a systematic literature review (SLR)
was conducted, limited to studies published in recognized international journals to ensure
relevance and academic rigor. On 26 April 2024, we assessed two databases: Web of Science
and Scopus, to select suitable articles for this review.

Following the guidelines of [24], the process began with the identification of keywords
and search terms. An initial list was tested for relevance using Google Scholar to eliminate
unsuitable terms. Four keywords were retained: green bonds, green loans, greenium,
and green banking. These terms enabled the construction of search strings using Boolean
operators (AND, OR, *).

The review considered articles published between 2008 and March 2024, including
earlier contributions from 2007 as GBs began to attract attention. Only English-language,
peer-reviewed works were included, restricted to subject areas such as Management,
Business, Accounting, Economics, Econometrics, and Finance. The initial search yielded
359 references, summarized in Table 1.

Table 1. Search strategy and results.

Web of Science Scopus
Topics: (“GB” OR “green
loans” OR “greenium” OR
“green bank*”) OR (“green 2.099 2.611
bonds” AND “green
loans”)
Document Type: Review
Article and Early Review 120 1227
Publication Years: 117 1.015

2008-2024 (March)

Research Areas:

WoS—Economics; Business

Finance; Management;

Scopus—Economics, 70 290
Econometrics and Finance;

Business, Management and

Accounting

Language: English 69 290
Total 359

Source: The authors based on WoS and Scopus searches.

The 359 results were imported into EndNote X7 to organize the references. Initially,
duplicate references were removed using the software’s built-in duplication detection
capability. Then, after seeing further duplicate references that the program had missed,
a second filter was created, this time manually. This resulted from inconsistencies in the
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Identifying

Screening

Eligibility

imported references, such as variations in the spelling of authors’ names, with some entries
listing only initials while others included full names. Consequently, 20 duplicate references
were identified out of the 359 original references assessed, leaving 339 after deletion.

Inclusion and exclusion criteria are applied to assess each study’s relevance and
determine whether it addresses the research question [22]. Hence, only studies that meet
all the inclusion criteria and exhibit none of the exclusion criteria should be incorporated
into the review [24]. The 339 papers were then screened for relevance to the study’s issue
and objectives. This involved a dynamic reading (screening) of crucial components—Title,
Abstract, Keywords, and Results. The main reasons for exclusion were: (a) references that
were merely news, indexes, or summaries; (b) search keywords that appeared in the title
or abstract but were not central to the article’s focus and did not align with the research
objectives; (c) terms used with a different meaning; (d) lack of access to information from
the abstract and, especially, from the full article; (e) studies that were too regional or had a
peripherical emphasis. After this first reading and filtering, 211 items that weren’t aligned
were eliminated, leaving 128 articles that made up the final portfolio for the SLR on green
debt. Figure 2 displays a flowchart that provides a concise overview of the SLR review
technique. It outlines the criteria used to determine whether references are included or
excluded and the process for selecting the corpus and final portfolio.

Articles found by scanning
the bibliographic databases
(Scopus / WoS):

359

20 duplicated articles removed

Duplicate-free articles: _ _
339 Dynamic reading

(Title; Keywords; Abstract):
211 articles removed for not

L being aligned with the research
Final portfolio: focus.
128

Figure 2. Research protocol flowchart. Source: The authors.

Two reviewers independently screened titles/abstracts and full texts against the pre-
specified eligibility criteria; disagreements were resolved by consensus or, when needed, a
third reviewer. Duplicates were removed in EndNote prior to screening. Figure 2 displays
a flowchart that provides a concise overview.

2.2.1. Full Search Strategy

To ensure transparency according to PRISMA 2020, the complete search strings for
each database are reported below. The completed PRISMA 2020 checklist is provided in
the Supplementary Materials. Searches were conducted on 26 April 2024.
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Web of Science
TS=(‘‘green bond*’’ OR ‘‘green loan*’’ OR greenium OR ‘‘green bank*’’)
AND PY=(2008-2024)
AND LA=(English)
AND WC=(Economics OR Business OR Business Finance OR Management)
Scopus
TITLE-ABS-KEY (‘‘green bond#’ OR ‘‘green loan*’ OR greenium OR ‘‘green bankx’’)
AND (LIMIT-TO (PUBYEAR, 2008-2024))
AND (LIMIT-TO (LANGUAGE, ‘‘English’’))
AND (LIMIT-TO (SUBJAREA, ¢“ECON’’) OR LIMIT-TO (SUBJAREA, ¢BUSI’’) OR LIMIT-TO
(SUBJAREA, ¢DECI’?))

No additional filters were applied.

2.2.2. Risk of Bias Assessment

A formal risk-of-bias assessment was not performed. The review includes hetero-
geneous conceptual, qualitative and quantitative studies for which no single validated
tool applies uniformly. Consistency of findings across independent empirical datasets and
across thematic clusters was used as the primary basis for robustness appraisal.

2.3. Study Quality Assessment

The academic discussion on sustainable financing products, namely GBs and loans,
is expanding and multifaceted. The increasing volume of study on this subject is proof
of the growing recognition of finance’s pivotal role in achieving sustainable development
goals. Figure 3 displays published papers’ yearly development and associated citation
counts from 2012 to the first quarter of 2024. Table 2 shows the ten studies with the highest
number of citations.

50

40

30

20

“ 1
---I

2016 2017 2018 2019 2020 2021 2022 2023 1Q24

o

I Articles e Citations

Figure 3. Citations and articles per year. Source: The authors based in WoS and Scopus (2024).
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Table 2. Ten most cited studies.
Title Authors/Year TOt?l
Citation

Corporate green bonds [7] 461
The green advantage: Exploring the convenience of issuing

[26] 254
green bonds
Price connectedness between green bond and financial markets [1] 237
Are green bonds priced differently from conventional bonds? [27] 223
The green bond market: a potential source of climate finance for [25] 189
developing countries
Sustainable finance: A systematic review [29] 180
Sustainable finance research: Review and agenda [30] 173
Is it risky to go green? A volatility analysis of the green

[31] 172
bond market
Investing in our planet: Examining retail investors” preference for

. [32] 170

green bond investment
Network connectedness of green bonds and asset classes [1] 166

Source: The authors based in WoS and Scopus (2024).

The dataset shows steady growth in publications and citations, reflecting rising interest
and influence in this field. From a single article with nine citations in 2012, output expanded
to 41 articles and 1253 citations by 2023 (Figure 3). A sharp increase occurred between 2016
and 2018, when citations more than doubled despite only a modest rise in publications,
indicating particularly impactful studies. A further surge in 20192020 confirmed the field’s
rapid expansion and consolidation.

By 2023, record highs in publications and citations confirmed the field’s vitality
and established contribution to knowledge. Data from early 2024, with 14 articles and
615 citations, indicate that momentum is being sustained and possibly accelerating. The
selected works are spread across several journals, notably Finance Research Letters
(9 articles), Journal of Cleaner Production (7), Energy Economics (6), Journal of Risk and
Financial Management (5), and Journal of Sustainable Finance and Investment (5). The
high citation count of Flammer’s article in the Journal of Financial Economics illustrates
the growing interest of leading finance journals in green financing, particularly studies on
the financial and environmental impact [7].

2.4. Definition of the Theoretical Framework

To establish the conceptual-theoretical framework of the SLR, we employed VOS
viewer software version 1.6.20, which analysed the content of published literature, generat-
ing data clusters on the text to cluster related ideas.

The data were analyzed through content analysis to define study categories. Using
VOS Viewer, clusters of related concepts were generated from published literature. The
analysis showed that author-assigned keywords, refined during database indexing, are
well suited for bibliometric analysis of debt instruments. Both author and indexed terms
were used for a co-occurrence analysis. Of 475 keywords, only 20 met the minimum
threshold of four occurrences. For these, the total strength of co-occurrence links was
calculated. Figure 4 presents the results, identifying four main clusters: GB, green banking,
greenium/ price, and governance/greenwashing.
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Figure 4. Cluster determination using VOS viewer. Source: The authors. Note: The figure visualizes
the keyword co-occurrence structure of the selected academic corpus on green bonds, green bank
loans and greenium. Nodes represent author keywords (or indexed keywords), and links indicate
co-occurrence within the same publication; thicker or denser connections reflect more frequent joint
appearance. Colors denote thematic communities detected by the bibliometric clustering algorithm.
The network highlights “green bonds” as a central hub connecting multiple streams, including
(i) pricing and risk themes (e.g., price, returns, risk, causality), (ii) yield-spread and cost mechanisms
linked to debt and governance, and (iii) sustainability outcomes and banking-oriented themes (e.g.,
performance, impact, green banking/sustainable banking). Peripheral but conceptually important
terms—such as greenwashing and green bond premium/greenium—appear connected to the core
pricing cluster, signaling an active research focus on credibility and the conditions under which a
pricing advantage emerges. Overall, the map suggests that the literature is organized around an
interaction between market-pricing mechanisms and governance/impact narratives, providing a
structured foundation for the chapter’s hypotheses and empirical strategy.

Two reviewers independently extracted data using a piloted extraction form in
[Excel], covering study metadata, context, instrument type (green bond or green bank-
ing loan), determinants and outcomes (financial performance, cost of debt, investor be-
haviour/greenium). Disagreements were resolved by consensus or, when needed, a third
reviewer. Besides VOS Viewer no automation tools were used; entries were double-checked
and version controlled.

2.5. Outcomes and Data Items

This review extracted data on five outcome domains: (i) determinants of issuance;
(ii) financial performance; (iii) environmental performance; (iv) pricing outcomes including
greenium; and (v) governance and regulatory mechanisms. For each study, the follow-
ing items were collected: bibliographic data, study design, type of instrument analysed,
variables related to financial and ESG outcomes, pricing characteristics, and documented
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spillovers. When information was unclear, assumptions followed standard definitions in
sustainable finance literature.

2.6. Reporting Bias and Certainty Assessment

Reporting-bias assessment tools and certainty-of-evidence frameworks (e.g., GRADE)
were not applicable due to the mixed methodological nature of the included studies and
absence of comparable quantitative effect estimates. This limitation is acknowledged in
the Discussion.

A formal certainty-of-evidence assessment (e.g., GRADE) was not applicable because
the included studies were methodologically heterogeneous and did not yield comparable
effect estimates.

2.7. Synthesis Methods

Given substantial heterogeneity in study designs and outcomes, a meta-analysis was
not feasible. No statistical effect measures (e.g., risk ratios or mean differences) were
applicable because the review synthesizes heterogeneous qualitative and quantitative
evidence narratively. A narrative synthesis approach was applied, grouping studies by
thematic domain. No statistical heterogeneity measures or sensitivity analyses were appli-
cable. Data were tabulated in summary tables (Appendix A), and no data transformations
were required.

3. Results

The syntheses are organized according to the predefined thematic domains (green
bonds, green banking loans, greenium, governance). For each domain, we summarize
study characteristics and provide a narrative assessment of consistency across studies.
Because no meta-analysis was possible, no pooled effect estimates, heterogeneity statistics,
or sensitivity analyses were produced.

This section presents and synthesizes the main findings of the SLR concerning GBs
and GBLs. It is structured to offer a detailed examination of each financial instrument,
encompassing their definitions, market dynamics, financial and environmental impacts, and
associated pricing phenomena such as greenium. By analyzing empirical and conceptual
studies, the discussion highlights key patterns, identifies challenges and opportunities in
the green debt market, and explores the broader implications for investors, issuers, and
policymakers. The goal is to provide a comprehensive and critical understanding of the
current state of research and practice in sustainable debt financing.

3.1. Green Bonds
3.1.1. Definition and Trends

Unlike traditional fixed-income bonds, green bonds (GB) allocate proceeds exclusively
to environmentally sustainable projects [1] (p. 25). According to ICMA (2022) [33] (p. 3)
green bonds are “instruments where the proceeds are exclusively applied to finance or
refinance, in part or in full, new and/or existing eligible Green Projects”, underscoring
their role in advancing sustainable development [34].

Although interest in GBs emerged after the 2007 financial crisis, they gained traction
only in 2013, when the European Investment Bank issued the first large-scale GB to fund
renewable energy and energy efficiency projects. The World Bank’s issuance that same year
marked another milestone.

Since then, GB issuance has expanded sharply [2], particularly in Europe, driven by
growing demand from investors and issuers for environmentally oriented projects [3,35].
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This trend reflects both strong investor response and the increasing market value placed on
environmental commitments.

The range of GB instruments is expanding. Ref. [36] highlights the emergence of blue
bonds, first issued by Seychelles in 2018, which fund ocean and freshwater projects but still
account for less than 0.5% of the sustainable debt market. Between 2018 and 2022, 26 blue
bond transactions totaled USD 5 billion, with a 92% annual growth rate.

Most GB funding supports renewable energy, energy efficiency, sustainable waste
management, land use, biodiversity, and clean transport [16,37]. As ref. [38] (p. 39) notes,
leveraging investor preferences for sustainability could mobilize trillions needed to mitigate
climate change. GBs thus represent a crucial mechanism for financing global sustainable
development [21]. Ref. [6] (p. 29) argues that long-maturity climate bonds provide “an
immediately implementable opportunity” for significant climate mitigation. Rising interest
in corporate GBs further reflects the growing weight of ESG criteria in investment decisions,
with strong ESG performance enhancing access to finance [7,39].

Investor behavior in GB markets is characterized by buy-and-hold strategies, linked to
liquidity premiums compensating for maturity risks [40]. This contributes to price stability
and lower volatility [41]. European mutual and pension funds show particular preference
for GB, holding larger shares and exhibiting lower price sensitivity [42].

Investment levels are shaped by bond features, issuer characteristics, and market con-
ditions [43]. Substantial disparities in bond ratings reflect heterogeneous risk perceptions,
influencing issuance volumes. While GB popularity has grown, average issue size has not
increased, pointing to wider participation without proportional capital growth [43]. Key
drivers of larger issuances include coupon rates, credit ratings, collateral, issuer health, and
tax incentives [32,44].

Nonetheless, the GB market faces structural challenges beyond greenwashing, such
as high issuance costs, procedural complexity, and supply-demand mismatches with con-
ventional bonds [18,45]. Bracking [46] (p. 13) emphasizes that despite expectations, the
“revolutionary growth in GB (...) has not materialized,” citing volatility and systemic
weaknesses. Similarly, Bracking et al. (2023) [47] argues that balancing environmental
and financial objectives is deeply tied to broader socio-economic institutions. In develop-
ing countries, additional barriers include weak institutional frameworks, minimum size
requirements, and high transaction costs [28].

3.1.2. Spillovers

Flammer [7] compares GB and non-GB issuers, finding stronger ESG ratings, prof-
itability, and market valuations for GB firms. Ref. [9] also concludes that while both bond
types enhance performance, GBs have a more significant impact. Green bond issuance
improves corporate metrics: within three years, EBITDA / Assets rise by 7.3 basis points,
and a 10% increase in GB share in total debt adds 1-3 bp [9]. However, ref. [48] notes that
firm performance does not necessarily influence issuance decisions.

Market studies reveal mixed reactions. Refs. [3,8,49] find positive abnormal returns
around announcements, supported by [50], who link GBs to stronger ESG ratings and
investor appeal. Conversely, Lebelle et al. [51] and Wu [52] report negative abnormal
returns (—0.5% to —0.2%), particularly in developed markets. Wu [52] and Jakubik &
Uguz [53] also suggest lower equity returns post-issuance. Yet, Bagnoli & Watts [54] argue
that GBs benefit firms in less competitive markets by capturing consumer willingness to pay
for socially responsible products. Overall, Ahmed et al. (2023) [55] reaffirm predominantly
favorable market responses.

GBs are also valued as stabilizing assets. They show positive correlations with climate
risk indices [56] and serve as safe havens during uncertainty [57-59]. Mezghani et al. [60]
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demonstrate their diversification benefits, outperforming traditional hedges such as gold
and Brent. Portfolio studies confirm that including GBs enhances risk management and
hedging effectiveness [1,58,61,62].

For issuers, GBs reduce financing costs and expand access to capital. Larger firms are
more likely to issue them [48], and advantages extend into secondary markets [26,63]. Key
drivers include reputational benefits, climate commitments, and eco-innovation [45,64].
Despite higher issuance costs, issuers view them as justified [65]. Governments further
support adoption through tax incentives, subsidies, and tax-exempt bonds, with dynamic
indexed incentives proving most effective [66]. Table Al (see Appendix A) details these
mechanisms.

Finally, Agliardi & Agliardi [13] highlights green securitization as an innovative tool
for managing climate risks and strengthening sustainable finance institutions, underscoring
its potential in advancing resilient, mission-aligned financing.

3.1.3. Liquidity and Volatility

Febi etal. [67] (p. 53) observes a declining impact of liquidity risk over time, suggesting
market maturation: “Overall, however, the impact of LOT decreases over time, implying
that, nowadays, liquidity risk is negligible for GB”. This trend indicates reduced investor
concerns over liquidity, a key determinant of GB investment behavior [40]. Still, risk
perception rises during downturns, discouraging issuance and investment [68].

Despite these improvements, liquidity concerns persist. Studies report signifi-
cant volatility clustering and spillovers between GB and other markets [31,41,62,69].
Ref. [31] (p. 263) notes “an upward trend in the correlation of volatility in the labelled
green bond segment with the conventional bond market,” implying convergence as the GB
market diversifies. Ferrer et al. [70] similarly finds GB performance to be closely aligned
with Treasuries and investment-grade corporate bonds, while ref. [2] stresses the influence
of investor sentiment, interest rates, and economic stability.

Geopolitical risks also shape GB markets. Sohag et al. [71] show heightened sensitivity
during bullish conditions, while ref. [72] finds GBs may be more vulnerable to contagion.
Tang et al. [73] report short-term declines in response to U.S. policy uncertainty and geopo-
litical acts but positive reactions to rising geopolitical threats. Liu et al. (2024) [74] views
GBs as potential hedging assets, though high geopolitical risks depress prices. Broader
uncertainty, especially economic policy shocks, significantly affects GB returns [75-78].

COVID-19 further highlighted market dynamics. Perote et al. (2023) [79] shows non-
linear effects, with low cases boosting and high cases reducing GB returns). Arat et al. [80]
& Giovanardi et al. [81] report a negative pre-pandemic greenium of ~1.5-1.6 bps, which
widened to 3.5 bps during the pandemic, reflecting GB outperformance in stressed markets.
Evidence shows GBs offered greater resilience and stability compared to conventional
bonds during the pandemic, supporting their role as safer assets [30,82]. Post-pandemic
growth in GB issuance underscores their increasing appeal. Table A2 (see Appendix A)
summarizes findings on GB liquidity and volatility.

3.2. Green Banking Loans
3.2.1. Definition and Trends

Green banking refers to practices that integrate environmental considerations into
banking operations [4,5,16,83,84], emphasizing the sector’s role in supporting sustainable
development and managing environmental risks [85]. A distinction must be made between
green loans and green banking loans (GBLs): while green loans broadly finance environ-
mentally friendly projects, GBLs are specifically offered by commercial banks, adding
credibility through rigorous assessment [86].
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Financial institutions provide GBLs to fund sustainable projects that comply with
environmental standards, thereby facilitating the global transition to a low-carbon econ-
omy [16,87,88]. Their adoption is strongly influenced by “green values,” where altruism and
environmental awareness drive uptake [89] (p. 12). Structurally, GBLs often feature fewer
covenants, higher collateralization, and longer maturities, which improve performance,
though larger syndicates may reduce profitability [17,90].

Standardization of green banking disclosure is increasing, making reporting a rou-
tine practice for commercial banks [34,91]. The Paris Agreement further reinforced this
trend, with green banks offering more favorable terms to sustainable firms only after its
adoption [17].

Technology and trust also shape green banking uptake. Trust in digital platforms and
personal innovativeness encourage adoption [89], while financial literacy and individual
financial well-being remain barriers. Regional banks, despite their potential role in promot-
ing SME sustainability, often lack expertise and resources to assess environmental impacts
effectively [92].

3.2.2. Spillovers

Green banking sustains the green economy by financing environmentally friendly
enterprises [93]. It promotes eco-innovation in SMEs [94] and enhances banks’ financial sta-
bility by reducing default risks when environmental criteria guide lending [16]. Empirical
evidence shows a positive link between green banking performance, cost efficiency, and
profitability [15]. Green disclosures also increase firm value, though high non-performing
loans may offset this effect [95].

Spillovers extend to borrowers: green banks provide cheaper loans to green firms,
especially after the Paris Agreement [17], reinforcing the “green meets green” effect [96].
Aligning green services with customer expectations strengthens reliability and responsive-
ness [97]. Green practices also shape trust and loyalty by enhancing banks” green image [98].
Table A3 (see Appendix A) summarizes the main findings of the literature about GBLs,
trends and spillovers.

At the systemic level, climate stress tests are recommended to assess resilience of
financial institutions, as underpricing climate-transition risks may generate systemic vul-
nerabilities [21].

3.3. Greenium

The greenium—a blend of green and premium—refers to the yield discount of green
financial instruments (bonds and loans) compared to conventional ones. It reflects growing
demand for sustainable investments and incentivizes the issuance of green bonds (GB) and
green bank loans (GBLs).

3.3.1. Is There Such a Thing as Greenium?

Evidence is mixed. Some studies confirm a positive premium [38,99], while others
report no significant differences [7,100]. Green bond issuance can lower funding costs:
3-8 bp [101], 63 bp [102], 18 bp [26], and 68-81 bp for German sovereign GBs [103]. Certain
markets show larger premiums, e.g., China [104].

Conversely, some findings indicate a negative premium linked to green risk [21] or
diminishing returns over time [105,106]. GB fund performance remains inconsistent [107].
Public and multilateral-backed GBs reduce risks and volatility [108], while government GBs
may trade at wider spreads [27]. Non-linear estimations suggest the greenium increases
with higher spreads of conventional bonds [109].

Opverall, the benefit of GB issuance may rely more on signaling environmental commit-
ment than on direct financing advantages [101].
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For loans, Pohl et al. [110] shows that GBLs exhibit a greenium, particularly when
borrowers have strong ESG profiles and syndicates maintain high environmental standards.
Additionally, the pricing of GBLs is influenced by the ESG characteristics of the
lending syndicate. Loans issued by syndicates with high environmental scores offer more
favourable terms, underscoring the growing importance of environmental considerations in
financial decisions”. The greenium literature is summarized in Table A4 (see Appendix A).

3.3.2. Greenium Factors

The greenium varies across issuers and bond characteristics. Hachenberg &
Schiereck [27] found that AA-BBB-rated GB trade marginally tighter than comparable
non-GB. ESG scores negatively correlate with yields, suggesting stronger ESG practices
lower financing costs [111-113]. Higher ratings also enhance market response [114].

Greenness assessments, such as second-party opinions (SPOs), increase liquidity [81,115],
with external reviews reducing asymmetry and supporting yield advantages [107,116,117].
Wu [52], however, reports that certification may increase costs. A notable greenium emerged
in 2019, linked to EU regulations and sustainable finance growth, especially for corporate
and municipal issuers [81,101]. Demand pressures, such as oversubscription and GB index
inclusion, reinforce lower borrowing costs [42].

Issuer type also matters, as financial and corporate GBs trade tighter, while
government-related GBs trade wider [27,51]. Supranational and corporate issuers show
premiums, but financial institutions less so [116]. GBs can mitigate country risk, serving as
a cheaper source of capital for sovereign debt [113].

Currency choice influences spreads: local-currency GBs trade tighter than foreign-
currency ones [101,102]. Domestic bias strengthens European investors’ preference for local
GBs [42]. Traditional characteristics—issue size, maturity, currency—do not significantly
affect pricing differentials [27].

Market interconnections shape GB pricing. The GB market is influenced by fixed-
income and FX markets but transmits negligible reverse spillovers, remaining weakly
connected to equities, energy, and high-yield bonds [1]. Shocks in conventional bond
markets spill into GBs [1,31].

Differences arise between markets: first issuances show weaker investor response [51].
The primary market displays little or no premium due to issuance processes, whereas the
secondary market consistently reveals a greenium [14,38]. The greenium factors literature
is summarized in Table A5 (see Appendix A).

3.4. Governance and Compliance

The expansion of GB and GBL markets has intensified scrutiny of their legal and policy
frameworks [118]. High demand risks diluting standards, potentially undermining envi-
ronmental outcomes (green defaults) [119]. Integrity has been strengthened by the ICMA'’s
Green Bond Principles (GBP), which set global standards for eligible projects [1,7,26,120].
National sustainability policies also drive issuance, highlighting the role of international
frameworks in maintaining credibility [64]. Reliable information significantly boosts GB
investment [84], reinforcing calls for clearer taxonomies and harmonized regulation [45,69].

Regulators play a critical role. The EBA integrates ESG into loan origination, risk
management, and disclosure, requiring banks to assess environmental risks and borrower
viability [121]. The ECB incorporates climate risk into monetary policy and supervision,
urging banks to perform climate stress tests [122]. The FED has progressed more cautiously,
focusing on research, interagency cooperation, and integrating climate risks into risk
management frameworks [123].
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3.4.1. Adverse Selection: Greenwashing and Taxonomy

While GB issuance correlates with higher environmental scores, reduced CO, emis-
sions, and stronger CSR practices [7,19], lack of harmonized standards creates adverse
selection risks akin to Akerlof’s “lemons” problem [18,20]. Voluntary disclosure cannot re-
liably distinguish genuine GB, enabling mislabeling and misallocation [20]. Greenwashing
raises yields as investors demand a premium for risk [112]. Certification can strengthen
credibility but may also serve firms with weak ESG performance [19]. Risks are higher in
manufacturing than services [112]. Clear criteria, such as the EU taxonomy, are vital to curb
mislabeling and restore confidence [124].

Banks must integrate ESG into credit operations [16], supported by transparency
and standardized reporting [93]. CSR mechanisms such as sustainability reporting en-
hance accountability [125], though internal committees often remain symbolic. Broader
environmental policies are necessary, as central bank tools alone are insufficient [4,126,127].

3.4.2. Policy Recommendations

Policies fostering GB/GBL issuance are widely endorsed [13,26,43,45,71,112,113]. Ef-
fective measures include clear guidelines, certification, and transparency [6,84,128]. Chal-
lenges persist as markets evolve [37], requiring regulatory enforcement, audits, and costly
disclosure regimes to deter mislabeling [20,21,118].

Governance is key: disclosure depends more on governance scores than environmental
ones [111]. Larger boards and institutional ownership enhance green disclosure [91],
whereas independent directors have little effect. Robust governance frameworks improve
transparency, reduce greenwashing, and ensure funds are allocated to genuinely sustainable
projects [18].

The literature relating to governance and compliance is summarized in Table A6
(see Appendix A).

This SLR consolidates research on GBs and GBLs as instruments for financing sus-
tainable projects, their effectiveness in advancing environmental goals, and the role of
international policies. It highlights key themes, trends, and implications for theory and
practice, offering an integrative framework that identifies patterns, gaps, and inconsisten-
cies in the literature.

Evidence shows that GB issuance correlates with higher environmental scores, lower
CO; emissions, and continued sustainability efforts [34], supporting stakeholder the-
ory [129-131]. GBs function not only as financial tools but also as strategies for corporate
engagement [7,19], consistent with enlightened value maximization.

The greenium remains contested: some studies find a yield discount, while others
suggest no premium [38,99]. These mixed results challenge market efficiency [132] and call
for refined models of ESG pricing. Still, GB issuance improves both environmental and
financial performance [8,9], with the premium shaped by ESG scores, certification, market
demand, issuer type, currency, and geography [111-113].

Market growth is evident, but challenges persist—greenwashing, liquidity, and lack of
harmonized standards. Liquidity has improved, yet returns remain sensitive to volatility,
geopolitics, and policy uncertainty [40,67,68,71-73]. Calls for stronger certification and
third-party verification are widespread [20,111]. Investor demand for ESG-aligned instru-
ments is growing [42,133], and alignment with international frameworks is essential for
credibility [45,69].

Governance and regulation remain central. Institutional theory [134-136] underscores
the role of frameworks such as GBP and GLP in ensuring transparency and market stabil-
ity [64,119,120]. Harmonization of standards and global coordination are crucial to reduce
fragmentation and scale sustainable finance [45,69].
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Investors and financial institutions increasingly integrate ESG factors in portfolio
decisions [61]. GBs and GBLs help align lending portfolios with sustainability goals,
lowering default risks and improving performance [9]. Transparency through standardized
reporting strengthens confidence and stakeholder engagement [93].

Methodologically, most studies use empirical analyses of financial metrics (ROA,
leverage, stock responses) to assess impacts [3,8,9]. While these validate financial benefits,
they also reveal a need for more longitudinal research to capture long-term effects.

4. Discussion

This SLR provides an integrative synthesis of literature on green bonds (GB) and green
banking loans (GBLs), highlighting their evolution, determinants, and impacts within the
broader field of sustainable finance. The evidence confirms that both instruments have
become increasingly important in financing the transition to a low-carbon economy, yet
their diffusion, market depth, and regulatory maturity differ markedly across regions
and sectors.

A key finding is the asymmetry in maturity and institutionalization between GBs
and GBLs. GBs have achieved a higher level of market standardization, supported by le-
gal and policy frameworks (e.g., GBP/GLP) and sovereign/multilateral issuance that fos-
ter transparency and comparability. This finding is in line with literature (e.g., [119,120]).
Their market infrastructure benefits from transparency mechanisms, credit ratings, and ex-
ternal verification that enhance investor confidence and liquidity. This is supported by
literature [111,116,117]. In contrast, GBLs remain largely embedded in relationship-based
intermediation and depend strongly on banks’ internal ESG integration practices [15,16,83,84].

Both instruments share similar objectives—mobilizing capital towards environmen-
tally sustainable projects—but they operate through distinct transmission mechanisms.
GBs channel funds via capital markets and deliver reputational/signaling benefits to is-
suers [7,8], while a GBL functions through direct credit allocation, embedding sustainability
criteria within loan origination and monitoring processes [16].

Across the reviewed studies, the financial impact of issuing or obtaining green finance
remains heterogeneous. For GB, evidence of a greenium emerges in several markets, with
documented discounts in primary or secondary markets and particularly in Europe and
China [10,101-104]. However, other studies [52,100] find no significant price differential
once risk and payoff are equal or even report higher costs in some settings. Overall, the
presence of a greenium appears contingent upon certification/verification quality, issuer
reputation and credit quality, and market liquidity [14,51,111,114,116,117]. This mixed
evidence is consistent with the coexistence of economic and behavioral drivers—some
investors accept lower returns for environmental benefits while others demand full risk-
adjusted compensation [10,38].

For GBLs, empirical work shows that borrowers with stronger ESG credentials and
transparency benefit from lower loan spreads and more favorable conditions, confirming
the ‘green meets green’ hypothesis [17]. Banks with higher environmental scores or robust
ESG policies tend to offer preferential rates, reflecting lower perceived credit risk and align-
ment with regulatory expectations [15,16]. However, GBL markets remain less developed
than GBs markets, limiting cross-country comparability and statistical robustness [83,84].

The regional distribution of studies underscores significant geographical disparities.
Europe leads in both issuance and research, reflecting the strength of its regulatory frame-
work and the EU’s proactive stance in developing taxonomies, disclosure requirements, and
green bond standards [120-122,124]. North America, while hosting large-scale corporate
issues, shows more heterogeneity in adoption due to a fragmented regulatory environment.
In Asia—particularly China—government support and state-owned financial institutions
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have accelerated market growth, although transparency and verification practices remain
uneven [104].

Beyond financial metrics, the reviewed studies reveal notable behavioral dimensions.
Investors in GBs often display buy-and-hold preferences and lower price sensitivity, consis-
tent with preferred-habitat demand among European mutual and pension funds [42]. This
behavior can enhance price stability but may also reduce secondary-market liquidity [40,41].
For banks, green lending fosters reputational benefits and institutional legitimacy, strength-
ening their strategic positioning within the sustainability agenda [16,93].

Several studies document increasing spillovers between green and conventional fi-
nancial markets, particularly in volatility and pricing co-movements. The GB market is
tightly linked to Treasuries and investment-grade bonds and is influenced by shocks from
conventional bond markets [1,31,41,69,70]. Geopolitical and policy-uncertainty shocks also
matter, with effects varying across horizons [71-73]. During the COVID-19 period, GBs
tended to outperform comparable benchmarks, offering partial safe-haven properties and
widening premia in stressed markets [30,79,80,82].

At the systemic level, the expansion of green lending can contribute to financial
resilience by aligning credit risk with environmental performance—banks with greener
portfolios tend to exhibit lower defaults and improved long-term stability [15,16]. Nonethe-
less, macro-prudential frameworks still lack climate-sensitive risk weights or capital buffers
that would fully internalize environmental externalities [122].

5. Conclusions

This review compares GBs and GBLs through a capital-structure and intermediation
lens. Common drivers—issuer quality, credible external review, and taxonomy alignment—
support issuance and, in some contexts, modest pricing benefits. Channels differ: GBs scale
labelled finance via liquid public markets, benchmark eligibility and secondary-market
liquidity; GBLs embed sustainability into lending relationships through measurable sus-
tainability performance targets (SPTs), ongoing monitoring and covenant design. Pricing
evidence is mixed and context-dependent: in bonds, any greenium is small and more
persistent when disclosure and assurance are strong; in loans, benefits arise mainly through
ratchet mechanics tied to ambitious, verified SPTs. Financial performance is not systemati-
cally inferior when governance and project evaluation are robust.

The implications are as follows. Issuers should match instrument choice to project
pipelines, reporting capacity and desired depth of engagement with investors or lenders.
Banks can operate transition plans and portfolio steering by standardizing SPT ambition,
verification frequency and fallback mechanics in bilateral and syndicated deals. Investors
should prioritize framework integrity, use-of-proceeds traceability and comparable impact
metrics; long-horizon asset owners seeking influence may allocate to co-lending or private
credit mandates, accepting lower liquidity.

This SLR has limits. Database and language coverage may under-represent non-
English and practitioner work. Heterogeneity of research designs, time windows and
outcome measures constrains comparability and precludes formal meta-analysis and study-
level risk-of-bias scoring. Given the heterogeneity of methods and the absence of a unified
RoB appraisal, our statements prioritize robust regularities and avoid causal claims where
identification is weak. Publication bias towards statistically significant pricing results
may persist. Rapid regulatory change—taxonomies and assurance standards—also means
earlier findings may not generalize to current settings.

Future research should harmonize definitions and measurement of green premia
across bonds and loans, including realized margins net of ratchets; exploit regulatory or
disclosure shocks to identify signaling versus monitoring channels; link instrument choice
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to decarbonization outcomes and capex efficiency; and expand micro-data on SPT ambition,
verification and covenant enforcement, especially for SMEs and emerging markets.

Overall, GBs and GBLs are complementary; convergent standards and interoperable
data are pivotal for market integrity, cost of capital and real-economy impact.
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Appendix A
Appendix A.1

Table Al. Summary of main findings of literature about GB trends and spillovers.

Paper Research Design Main Results/Conclusions
[54] Empirical (quant.) GBs advantageous in less competitive markets, helping cover socially responsible costs.
.. Positive abnormal returns after GB announcements; higher coupons negative; firm size, Tobin’s Q,
[49] Empirical (quant.) o
and growth positive.
. Issuance influenced by bond traits, issuer characteristics, and market conditions; effects vary
[43] Empirical (quant.) .
across ratings.
[44] Empirical (quant.) Larger GBs linked to coupon, rating, collateral, issuer stability; emerging markets (esp. euro)
attract more.
[26] Empirical (quant.) GBs lower issuers’ annual interest by ~18 bp, strongest for corporates in environmental sectors.
[137] Conceptual Assesses GBs as ethical finance, questioning measurable ethical value.
.. GBs improve corporate metrics (ROA, ROE, EBITDA / Assets); stronger short-term impact than
[9] Empirical (quant.) e
traditional bonds.
[53] Empirical (quant.) GBs and green funds positively priced, but policies show mixed equity impacts.
[51] Empirical (quant.) Negative stock reactions (—0.5% to —0.2%), stronger at first issuance; skepticism across sectors.
[1] Empirical (quant.) GBs tightly integrated with treasury & corporate bonds; weak ties to stocks, energy, high-yield.
[1] Empirical (quant.) GBs linked to fixed-income & FX markets; little reverse spillover; weak stock/energy ties.
[13] Conceptual Green securitization can hedge climate risks, supporting sustainable finance.
[117] Empirical (quant.) GBs correlate with climate risk indices, improve hedging in uncertain periods.
.. Corporate GBs boost stock performance, attract long-term ESG investors, and enhance
[7] Empirical (quant.) .
environmental outcomes.
3] Empirical (quant.) GB issuance raises stock prices; shc?rt-te.:r.m abnormal returns; supports long-term
sustainability strategy.
. . Investor sentiment on social media correlates with GB index returns; lack of standards
[2] Empirical (mixed) .
reduces confidence.
[138] Empirical (quant.) Project traits and ESG commitment drive GB performance; country factors matter.
[57] Empirical (quant.) GBs hedge effectively during calm phases and COVID-19, improving resilience.
[66] Empirical (quant.) Incentives (tax credits, subsidies) critical for GB attractiveness; indexed incentives preferred.
. GBs fund green projects, improve ESG goals; challenges include investor risk aversion; calls for
[50] Empirical (qual.) s
clearer guidelines.
[58] Empirical (qual.) GBs correlate positively with climate risks; improve risk-adjusted returns in uncertainty.
[35] Empirical (quant.) ESG disclosure, not brand reputation alone, drives successful issuance.
[41] Empirical (quant.) GBs attract long-term investors; diversification and regulation shape strategies.
[62] Empirical (quant.) GBs show spillovers with stock, energy, commodity volatilities; dynamic hedging needed.
[2] Empirical (quant.) Twitter sentiment affects GB returns; sentiment key in evolving niche market.
152] Empirical (quant,) No significant negative premium in China/ glrc;liasaé;c\({;;sn issuance reduces premium; certification may
[55] Empirical (qual.) GB announcements yield positive abnormal stock returns; key for SDG financing.
[56] Empirical (quant.) GB indices don’t outperform market; crude oil strongly impacts returns.
. . Smaller banks issue GBs persistently; frequent issuers improve ESG scores and reduce
[63] Empirical (mixed) :
polluting loans.
[36] Conceptual Blue bond market constrained by lack of standards/metrics; risk of “bluewashing.”
[39] Empirical (quant.) GBs enhance corporate performance via R&D, green innovation, and signalling.
[64] Empirical (quant.) Eco-innovative and policy-driven firms more likely to issue; transparency effects mixed.
[59] Empirical (quant.) GBs provide diversification, safe-haven, and hedging, esp. during COVID-19.
[48] Empirical (quant.) Larger firms, capitalization, and market size drive issuance; liquidity effect insignificant.
[139] Empirical (quant.) Repeated issuers reduce CO, and improve efficiency; long-term performance stronger.
[60] Empirical (quant.) Gold drives GB shocks; GBs effective for diversification and hedging.
[34] Empirical (quant.) GBs lower emissions, raise renewable use, advance ESG—but require institutional quality.
.. GBs offer reputational benefits; barriers: immaturity, awareness, lack of projects; call
[45] Empirical (quant.) e
for standardization.
[61] Empirical (quant.) GBs weakly linked to systemic factors; sustainability investors can use factor returns strategically.
[83] Empirical (quant.) GBs encourage green consumption, restructure industries, and foster eco-friendly growth.
[32] Empirical (quant.) ESG ratings, credit ratings, tax incentives, and awareness drive GB investments.
[140] Empirical (quant.) GB issuers face higher financial constraints, intensified post-first issuance.
[37] Empirical (qual.) GB research highlights role in climate action, sustainable finance, and financial markets.

https://doi.org/10.3390/su18020898


https://doi.org/10.3390/su18020898

Sustainability 2026, 18, 898 19 of 27

Appendix A.2

Table A2. Summary of main findings of literature about GB liquidity and volatility.

Paper Research Design Main Results/Conclusions
[31] Empirical (quant) Volatility clusters in GB; shocks from cor.wentlonal bonds spill into GB, varying
over time.
.. Liquidity risk explains GB yield spreads; impact declines over time; GBs more liquid
[67] Empirical (quant.) than conventional bonds (2014-2016).
[141] Empirical (quant.) Investor attention plays a critical, time-varying role in GB market.
[30] Empirical (qual.) Despite COVID-19, issuance rose to USD 269.5bn, showing resilience.
.. GBs strongly connected to Treasuries & corporate bonds; limited distinctiveness as
[70] Empirical (quant.) an asset class
[127] Empirical (quant.) QE boosts GB issuance in Eurozone; liquidity (M3) also supports green investments.
.. GB liquidity premiums affected by instability & policy; investors prefer
[40] Empirical (quant.) buy-and-hold strategies.
[82] Empirical (quant.) GBs more resilient to shocks; uptake rose post-pandemic.
[68] Empirical (quant.) Liquidity risks influence investor choice; issuance rises under stability and low risk.
.. Financial markets affect GB volatility; GBs more sensitive to positive shocks during
[69] Empirical (quant.) COVID-19
[71] Empirical (quant.) Geopolitical risks hurt GBs & green equity, especially in bullish markets.
[75] Empirical (quant.) Commodity & financial prlc:tsrg;;cll;citn?e]i Crs;il;}r;i;e Zpeculatlon negative; markets
[76] Empirical (quant.) Green QE boosts sentiment in stable times; weaker during crises; effects nonlinear.
[80] Empirical (quant.) Pre-COVID greenium ~1.6 bp, widened to 3.5 bp during pandemic; transparency
reduced asymmetry.
.. Greenness ratings raise liquidity & greenium; stronger in eco-friendly countries;
[81] Empirical (quant.) GBs improve EBITDA /assets short term.
[79] Empirical (quant) GB & ESG returns respor}d non-linearly to COVID-19 cases; lockdowns help,
simultaneous measures harm.
[72] Empirical (quant.) GBs more sensitive to geopolitical risks thar} conventional bonds; corporate bonds
exert stronger influence.
.. Short-term GB returns fall with USEPU & GPRA but rise with GPRT; long-term
(73] Empirical (quant.) effects mostly negative
[77] Empirical (quant.) Economic policy uncertainty positively impacts GB market efficiency.
(78] Conceptual Policy uncertainty strongly influences GB markets, especially during
volatile periods.
[74] Empirical (quant) Geopolitical risk positions GB§ as he.dges but may lgwer demand; rising prices
could intensify energy conflicts.
Appendix A.3
Table A3. Summary of main findings of literature about GBL trends and spillovers.
Paper Research Design Main Results/Conclusions
[85] Empirical (quant.) Environmental uncertémty s.hape.s lr}ybnd orgamzatlpns like green banks; strategies
align with shifting resource environments.
.. Negative greenium: investors accept lower returns for greener firms. Transparency
211 Empirical (quant.) valued; climate stress tests recommended to mitigate systemic risks.
5] Empirical (qual.) Literature categorized into ethical, product, and business domains; highlights
p quat. governance, risk, and inclusion in sustainable banking.
Green banking improves financial performance via cost efficiency, but political ties
[15] Conceptual weaken benefits through reputational risks.
[94] Empirical (quant.) GBLs drive renewable energy zildopt.lon anq SME eco-innovation by reducing
financial barriers.
[15] Empirical (quant.) Green disclosures raise bank firm valu'e, but effects depend on managing
non-performing loans.
[16] Empirical (quant) More green exposure increases spreads, reduces defaults, and strengthens

[90]

Empirical (quant.)

system resilience.
Higher GBLs lower profitability, raise moderate risks; collateral and loan duration
improve performance.
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Table A3. Cont.

Paper Research Design Main Results/Conclusions
[97] Empirical (quant.) Banks should align green services with customer needs; st}ldents in emerging
economies show awareness, key for adoption.
[65] Empirical (qual) Only 51 studies focus on green banking adoption; gaps in customer/employee
perspectives and performance outcomes.
[98] Empirical (quant.) Green practices improve image and trust; loyalty depends mainly on strengthened
green image, not trust.
[17] Empirical (quant.) Green banks provide cheaper, less restr}’ctlve loans to green firms—"green meets
green” effect.
[92] Empirical (qual) Regional banks overlook env1r9nmental aspects; mte.gratmg climate risk into SME
lending needs local expertise.
93] Empirical (quant.) Stakeholder knowledge gaps and We.zak disclosure llr.mt green supply chains;
awareness improves image and sustainability.
. Altruism and green values drive adoption; green savings mediate; literacy and
(891 Empirical (qual.) financial well-being may limit uptake.
[96] Empirical (quant.) ESG practices strengthen GBLs’ role in promoting sustainability.
Appendix A.4
Table A4. Summary of main findings of literature about greenium.
Paper Research Design Main Results/Conclusions
trades at remium vs. corporates; local currency bonds tighter than
GB trad 63 bp premi P local y bonds tighter th
[102] Empirical (quant.) foreign; spreads widen with market risk and U.S. Treasury rates, tighten with
GDP growth.
Mixed evidence on greenium; some investors pay more for societal benefits; others
[99] Conceptual . . e s
see no premium. Legal concerns stress third-party verification.
.. GBs offer positive but diminishing returns and lower risks; outperformance over
[105] Empirical (quant.) . . .
conventional bonds is waning.
[100] Empirical (quant.) Green and non-green bonds prlc.ed identically when risk/payoff equal; no
premium observed.
[107] Empirical (quant.) GBs often show gr.eem'um (lower yle'lds), though fund/ 1nde‘x’per‘f0rmance is mixed;
pricing influenced by issuer, project, and certifications.
.. GBs generally yield less, providing hedging benefits against climate risks and
[142] Empirical (quant.) enhancing financial stability; premium varies with market and issuer traits.
[108] Empirical (quant.) Public/multilateral backing reduces G.B risks and costs; long-maturity public GBs
show lower yields and volatility.
Greenium confirmed in 56% of primary and 70% of secondary market studies;
[38] Empirical (qual.) averages —1 to —9 bp in secondary market; influenced by issuer type, grade,
and reporting.
[133] Empirical (quant.) Firms with ESG concerns show lower bondholder returns, especially in crises, due
. P d ' to higher default risk.
.. China’s GB market shows stronger greenium than global markets; driven by lower
[104] Empirical (quant.) . . . .
information asymmetry, regulation, and environmental awareness.
.. German government GBs show 68-81 bp greenium; higher rates increase greenium,
[103] Empirical (quant.) uncertainty reduces it; lower liquidity partially offsets.
[106] Empirical (quant.) Green assets expectec.l to underperforr.n long-term; c}lmate concerns raise green asset
prices; German twin bonds confirm greenium.
[39] Empirical (quant.) Greenium grows non—hnearly' with higher nop-GB .spl.reads; credit spread and
coupon differences explain variation.
[110] Empirical (quant) GBLs priced lower than conventional loans, especially for high-ESG borrowers and

syndicates; environmental factors drive favourable terms.
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Appendix A.5

Table A5. Summary of main findings on greenium factors.

Paper Research Design Main Results/Conclusions
.. GBs trade at 63 bp premium; local currency tighter than foreign. Spreads widen
[102] Empirical (quant.) with market risk and U.S. rates, tighten with GDP growth.
[99] Conceptual Evidence on greenium mixed: some pay for societal benefits, others see no premium.
P Highlights need for third-party verification.
[105] Empirical (quant.) GBs show positive but declining re'turns and r{sk adyantage; outperformance over
conventional bonds is fading.
[100] Empirical (quant) Green and non-green bonds prlce:d identically when risk/payoff equal; no
premium detected.
[107] Empirical (quant.) GBs often show lc.)vyer yields (gregnlum), th(?ugh fund/ 1r.1c?ex Performance mixed;
pricing shaped by issuer, project, and certifications.
[142] Empirical (quant.) GBs generally yield less, offerlng hedging benefits and stability. Premium varies by
issuer and market.
.. Public/multilateral backing lowers GB risk and cost; long-maturity public GBs show
[108] Empirical (quant.) reduced yields and volatility.
.. Greenium confirmed in 56% of primary and 70% of secondary studies; —1 to —9 bp
[38] Empirical (qual.) . . . .
in secondary markets; driven by issuer type, rating, and governance.
[133] Empirical (quant.) Firms with ESG concerns yield lower bondholder returns, especially in crises,
. P d ' reflecting higher default risk.
.. Chinese GB market shows larger greenium than international, due to regulation,
[104] Empirical (quant.) .
lower asymmetry, and environmental focus.
.. German GBs show 68-81 bp greenium; higher rates enlarge premium, uncertainty
[103] Empirical (quant.) reduces it; lower liquidity partly offsets.
[106] Empirical (quant.) Green assets expectfed to underperf(?rm long—term, though (.“.hmate concerns raise
prices. German twin bonds confirm greenium.
[39] Empirical (quant.) Greenium increases non.—hnearly with n'on-G]‘B sPreads; credit and coupon
differences explain variation.
[110] Empirical (quant) GBLs priced lower jchan conveptlo.nal loaI?s, especially for h}gh—ESG
borrowers/syndicates, confirming environmental factors’ role.
Appendix A.6
Table A6. Summary of main findings of literature about governance and compliance.
Paper Research Design Main Results/Conclusions
[91] Empirical (qual) Board size and institutional ow.nersh1p raise green banking disclosure; no effect
from independent directors.
[6] Empirical (quant.) GBs effective for climate mitigation if backed by regulation and reliable signals.
GB growth in developing nations hindered by institutional barriers, costs, and bond
[28] Conceptual .
size; development banks can foster markets.
[143] Empirical (quant.) Transparent GB ratings enhance credibility, attract investors, and support
market growth.
[124] Conceptual Transition finance depends on politics and markets; EU taxonomy guides but faces
external challenges.
GBs lower debt costs and support sustainability; risks include weak standards and
[18] Conceptual .
greenwashing; clear rules needed.
. Asia-Pacific central banks promote sustainable finance via regulation, green loans,
[4] Empirical (qual.) . . .
and climate integration.
[119] Conceptual Standards and certification build credibility; enforcement gaps remain.
[118] Empirical (qual.) Legal frameworks, interest rates, and stability key for GB markets.
.. GB market faces “lemons” problem; regulation, audits, and costly disclosure
[20] Empirical (quant.) .
regimes recommended.
[120] Empirical (quant.) GBP improve transparency and policy alignment, shaping green finance globally.
[128] Empirical (quant) Green finance improves env1ronm¢.er}tal qualllty, effects vary by country; tailored
policies required.
[20] Empirical (quant.) Voluntary disclosure worsens adverse selection; costly issuance fosters efficiency.
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Table Aé6. Cont.

Paper Research Design Main Results/Conclusions
51] Empirical (quant.) Better disclosure improves G]? liquidity, esp. for non-financial, long-term, and
ower-rated bonds.
[125] Empirical (quant.) ESG mechanisms shape green sc’;rategles; cor.nmltt.ees symbolic; ESG-linked pay may
eter green financing.
[47] Empirical (quant.) Transition bonds sometimes preferred; uneven scientific evidence undermines
GB credibility.
[64] Empirical (quant.) Reputation and strong-pphcy conte'xts d'rlve issuance; mixed evidence on
investor-driven issuance.
[126] Empirical (quant.) Green QE minimally reduces emissions; complementary reforms needed.
.. GB issuers show stronger ESG, governance, and CO, cuts; weaker ESG firms rely on
[19] Empirical (quant.) e
certification.
[46] Empirical (quant.) Questions GB’s transformative role; highlights lack of validation and fragility.
.. Certification boosts GB investment; greenwashing undermines trust; unified
[84] Empirical (quant.) .
system essential.
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