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Abstract: Green bonds play a pivotal role in promoting sustainability by channeling financial re-
sources towards environmentally friendly projects, fostering a greener and more resilient future. This
research investigates the role of “Green Bonds” in the attainment of Sustainable Development Goals
(SDGs), focusing on two specific goals: climate action, represented by per capita carbon emissions
(COy), and clean energy, represented by per capita renewable energy production. Using data from
2007, when the first green bond was issued, up to 2021, we employed a one-step generalized method
of moments (GMM) model to explore how green bonds impact global emission reduction and the
increase in renewable energy production. The findings demonstrate that green bonds have a signifi-
cant influence on both emissions and renewable energy production. Specifically, green bonds and
renewable energy production have a positive and significant association, while emissions exhibit a
negative relationship with green bonds. Our results reported a reduction in carbon emissions up to
0.8 tons, while an increase in renewable energy up to 66 kWh. Upon analyzing the data before and
after 2015, we observe that prior to 2015, there was no significant effect of green bonds on emissions
and renewable energy production. However, after 2015, green bonds substantially impacted both
indicators. Furthermore, our results indicate that countries with higher green bond issuance are more
likely to achieve their sustainability goals, particularly in terms of renewable energy production and
carbon emission reductions. Conversely, countries with lower green bond issuance are struggling to
attain their sustainability objectives in these areas.
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1. Introduction

The rapid expansion of the global economy has led to significant environmental chal-
lenges that are increasingly visible across the globe. Consequently, the issues surrounding
economic growth and sustainable development have attracted considerable attention from
various countries [1]. Consequently, there has been a notable increase in research focused
on sustainable development [2,3]. Sustainable development emphasizes the significance
of sustainable finance and investment. As a result, the concepts of the green economy
and green finance have emerged as a means to harmonize economic, social, and environ-
mental progress, playing a crucial role in today’s era of economic advancement. The shift
towards low-carbon green development has also become a global objective in environmen-
tal governance since the 21st United Nations Climate Change Conference of the Parties.
This objective aims to transition the economy from a carbon-intensive model to a more
environmentally friendly one.

The initiative for sustainable development began with the “Kyoto Protocol” in 1997,
which mandated that industrialized countries and partners take measures to mitigate and
reduce greenhouse gas (GHG) emissions. As part of this collective agreement, countries
set individual targets. Subsequently, the Rio Conference in 2012 concluded by establish-
ing a framework aimed at fostering a green economy that would facilitate sustainable
development and alleviate poverty.
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The participants agreed on a process to set global Sustainable Development Goals
(SDGs). The 2015 Paris Agreement become the milestone for sustainable development,
where the conference culminated the process of adopting the 2030 Agenda for Sustainable
Development, with 17 SDGs at its core. The five key points of the conference were to limit
temperature rise to “well below” 2 °C, to create the first universal climate agreement, to
help poorer nations, to publish greenhouse gas reduction targets, and to become carbon
neutral by 2050.

Under the UN Sustainable Development Goals (SDGs) and the Paris Agreement,
global initiatives aim to balance economic growth with environmental stewardship by
regulating carbon emissions and promoting renewable energy. However, implementing
these frameworks requires substantial investments. The UNDP focuses on eradicating
poverty, promoting peace and justice, and fostering sustainable growth (United Nations UN,
2015). The Paris Agreement aims to limit global temperature increases and secure funding
for low-carbon development. To achieve the SDGs by 2030, an estimated annual investment
of USD 5-7 trillion is needed (United Nations Conference on Trade and Development [4],
while USD 53 trillion in energy-related investments will be required by 2035 to uphold
the 2 °C temperature threshold (United Nations Conference on Trade and Development
UNCTAD, 2014). Mobilizing significant public and private capital is crucial for supporting
these ambitious environmental agendas.

Climate actions refer to the measures taken by individuals, communities, governments,
and organizations to address and mitigate the challenges of climate change. These actions
encompass a wide range of strategies to reduce greenhouse gas emissions, promote renew-
able energy sources, conserve natural resources, and adapt to the changing climate. Climate
actions may include implementing renewable energy projects, adopting energy-efficient
technologies, promoting sustainable transportation, afforestation initiatives, and develop-
ing climate-resilient infrastructure. Additionally, climate actions involve raising awareness,
advocating for policy changes, and fostering international cooperation to achieve global
climate goals outlined in agreements such as the Paris Agreement.

Climate change and environmental degradation have become pressing global chal-
lenges that require urgent action to ensure a sustainable future for our planet. The in-
ternational community has recognized the need for concerted efforts to mitigate climate
change and promote sustainable development, leading to the formulation of the Sustain-
able Development Goals (SDGs) by the United Nations. SDG 13 [5] specifically focuses on
climate action, aiming to combat climate change and its impacts through various measures,
including reducing greenhouse gas emissions and enhancing adaptive capacities [6].

Green finance plays a vital role in the global financial system, as it focuses on investing
in environmentally sustainable projects and promoting low-carbon technologies. It is
seen as a significant change within the financial system, aiming to foster sustainable
growth and address social and environmental challenges. Financial tools are expected
to be crucial in achieving the United Nations” Sustainable Development Goals by 2030.
Countries worldwide recognize the importance of integrating these goals into their national
development programs. The concept of a green financial system aligns with sustainable
development principles and emphasizes the interdependence between human survival
and the environment. It consists of institutions that use various financial instruments, such
as green credit, bonds, stock indices, development funds, insurance, carbon finance, and
policy incentives. The goal is to facilitate the transition to a more sustainable economy [7].

Green finance refers to financial activities and investment strategies prioritizing envi-
ronmental sustainability and promoting the transition to a low-carbon and climate-resilient
economy. It encompasses various financial instruments, such as green bonds, green loans,
and sustainable investment funds, which channel capital towards environmentally friendly
projects and initiatives. Green finance aims to address environmental challenges while
creating economic opportunities [8,9].

Green bonds play a crucial role in climate action due to their potential to mobilize cap-
ital toward environmentally sustainable projects. Green bonds have gained attention due
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to their unique features, as compared to other bonds, such as financing renewable energy
and climate projects, scaling up climate-friendly investments, promoting transparency and
accountability (use of proceeds and output of projects), and aligning financial markets with
climate goals [10].

In recent years, there has been a significant increase in the usage of green bonds as
a financial tool. A notable development in corporate finance has been the emergence of
corporate green bonds. These bonds allocate their proceeds towards financing environ-
mentally friendly and climate-conscious projects, such as renewable energy initiatives,
green buildings, resource conservation, and sustainable transportation. Although corporate
green bonds have gained popularity in practice, there remains a limited understanding
of this relatively new financial instrument. At first glance, it may appear complex for
companies to opt for green bonds instead of conventional bonds, as the funds raised from
green bonds are dedicated to specific green projects, thereby imposing restrictions on
companies’ investment policies. Moreover, becoming a certified green bond issuer is no
easy task, as companies must undergo third-party verification to ensure that the proceeds
are indeed funding projects that generate environmental benefits. This verification process
adds to the administrative and compliance costs for companies. Although this verification
process adds to the administrative and compliance costs for companies, the literature
found that there is always a positive impact of green bonds on firm performance. For
example, Refs. [11,12] found that firms with green bonds not only improve their financial
performance (decrease financing cost, increase firm value) but also their CSR performance
and environmental rating.

According to the “Climate Bonds Initiative” [13] and their Green Bond Database, the
green bond market has experienced a remarkable expansion, with an average growth rate
of 54% over the past five years. As of the end of 2021, the total size of the green bond
market amounted to USD 522.7 billion, with a total of 2089 green bond instruments issued.
Following a decline in 2020, the green debt market experienced a resurgence, witnessing
a 75% increase in volumes in 2021 compared to the previous year [13]. Despite the rapid
growth of the market, there has been a noticeable lack of standardization among green
bonds. Insufficient disclosure and clarity at the asset and project level within green bond
frameworks present ongoing challenges for investors.

In recent years, there has been a significant increase in the utilization of green bonds
as a financial tool. A notable development in the field of corporate finance is the emergence
of corporate green bonds. These bonds are specifically designed to finance environmentally
friendly and climate-conscious projects, such as renewable energy initiatives, green building
projects, resource conservation efforts, and eco-friendly transportation systems. While
corporate green bonds have gained popularity, there is still a limited understanding of this
innovative financial instrument.

Initially, it may seem complex for companies to opt for green bonds instead of conven-
tional bonds. This is because the proceeds from green bonds are exclusively allocated to
green projects, which imposes constraints on companies’ investment policies. Moreover,
becoming a certified green bond issuer involves a non-straightforward process. Companies
must undergo third-party verification to demonstrate that the funds raised are genuinely
used for projects that generate environmental benefits. This verification process adds to the
administrative and compliance costs incurred by companies.

According to the “Climate Bonds Initiative” and its Green Bond Database, the green
bond market has witnessed substantial growth, averaging a remarkable rate of 54% over
the past five years. As of the end of 2021, the total size of the green bond market reached
USD 522.7 billion, with 2089 instruments issued. After a decline in 2020, the green debt
market experienced a resurgence, with volumes increasing by 75% in 2021 compared to the
previous year. Despite the rapid expansion of the market, there remains a notable lack of
standardization among green bonds. Investors frequently encounter issues regarding inad-
equate disclosure and clarity at the asset and project level within green bond frameworks.
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Another important concept introduced recently to fight against the increasing carbon
emission is the concept of “Net Zero Emission”, which is aimed at reducing greenhouse
gas emissions to the lowest possible level, which could be zero. The Paris Agreement, a
significant agreement reached at the United Nations Climate Change Conference (COP21),
introduced and popularized the concept of achieving net zero greenhouse gas (GHG)
emissions. This landmark deal involved nearly 200 countries committing to limiting the
impact of GHG emissions by striving to achieve a balance between the emissions produced
by human activities and the removal of GHGs from the atmosphere through carbon removal
methods. Net-zero emissions will be attained when all GHG emissions caused by human
activities are offset by the removal of GHGs from the atmosphere, thereby achieving a state
of equilibrium.

Carbon dioxide (CO,) is the leading contributor to the emission of greenhouse gases
(GHGS). Many environmentalists argue that previous environmental initiatives, such as
the Kyoto Protocol and United Nations Framework Convention on Climate Change, are
no longer adequate and call for new regulations to improve environmental quality. How-
ever, policymakers face the challenge of striking a balance between economic growth and
reducing environmental harm. The key challenge lies in implementing policy changes that
encourage the development of reliable and affordable energy sources while simultaneously
reducing GHG emissions. Given that a significant portion of GHG emissions originates
from energy production using fossil fuels, various practical policy changes have been
suggested to design effective environmental regulations that can impact emissions. One
such policy tool is the use of environmental taxes, which not only help mitigate GHG
emissions but also incentivize the adoption of renewable energy sources [14].

The Paris Agreement highlights the global issuance of green bonds through both
governmental and corporate sectors as a means to compel corporations to adopt emission
reduction policies and contribute to achieving Sustainable Development Goals (SDGs).
Given that industries are major contributors to greenhouse gas emissions (GHG), collabora-
tion between governments and industries becomes crucial in attaining SDG goals and net
zero emission targets. Following the Paris Agreement, there has been a significant increase
in the number of green bonds in the market, prompting numerous studies to explore their
benefits for corporations, investors, and society. The majority of these green bonds are is-
sued in sectors such as renewable energy, green transportation, eco-friendly housing, clean
water, and electric batteries, among others. Nevertheless, the primary objective remains the
reduction in carbon emissions and the promotion of renewable energy production.

In light of the growing importance of green bonds as a tool for climate action and
sustainability, it is crucial to further explore their potential, evaluate their effectiveness, and
identify ways to enhance their impact. This research aims to contribute to the existing body
of knowledge by providing insights into the role of green bonds in achieving SDGs related
to climate action and clean energy. Unlike previous studies, we will try to uncover whether
there is a direct relationship between green bonds and sustainability in terms of CO,
emissions and renewable energy production. Previous studies only focused on an indirect
relationship through qualitative studies or they only examined the policy implications in
this regard. We will examine the achievement of sustainable development goals through
green bond issuance worldwide. The study will focus on two SDGs: SDG 7, affordable and
clean energy, and SDG 13, climate action. This study will try to examine how the issuance of
green bonds is impacting carbon emissions and renewable energy production worldwide.
The reason for using SDG 7 and 13 is their crucial importance for the achievement of
sustainable development goals. As we know, the main aim of sustainability is to reduce
emissions and increase renewable energy production. We also used environmental tax
as the moderating variable and FDI (foreign direct investment) as the control variable to
counter the impact of foreign investments and other sustainability policies.

Our findings yield compelling results, indicating a direct and significant relationship
between green bonds and the achievement of sustainable development goals. Particularly
noteworthy is the observation that the impact of green bonds became particularly pro-
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nounced after the adoption of the Paris Agreement in 2015. The post-2015 period marked
a turning point where the influence of green bonds on sustainable development became
increasingly evident.

Moreover, our study reveals a robust correlation between green bonds and the at-
tainment of sustainable development goals, particularly in countries with higher levels of
green bond issuance. In contrast, countries with lower issuance of green bonds face more
challenges in advancing their sustainability objectives.

2. Literature Review

The European Investment Bank (EIB) issued the first green bond in 2007 to support
renewable energy and energy efficiency projects. Since then, green bonds have gained
significant popularity. Thereafter, the following years did not witness any significant
growth in green financing; however, since 2013, there has been a remarkable worldwide
surge in the issuance of green bonds after China entered the green bonds market. While the
total issuance in 2008 was under USD 1 billion, it surged to USD 143 billion in 2018, a trend
often referred to as the “green bond boom.” Experts predict that this trend will persist in
the future [15]. Green bonds are widely recognized as a promising instrument to tackle
climate change, as highlighted by commentators and organizations such as Bloomberg [16].
Green bonds carry the same position and nature in the market as conventional bonds but
what makes them different from conventional bonds is the types of projects where funds
from green bonds can be used.

At present, a universally accepted definition of green bonds within the global commu-
nity is lacking, leading scholars to engage in comparative studies to establish consistent
identification criteria for green bonds. The name green bond is a self-proclaimed name
and regulators worldwide in each country develop their criteria for binding financing to
green bonds [17,18]. Green bonds, similar to traditional bonds, are backed by the financial
standing of the institution and are tied to specific assets. These bonds also possess credit
ratings. Numerous researchers, including [19,20], have documented the favorable impact
of green bonds on the environment, society, and the economy. As the awareness of the risks
and uncertainties stemming from climate change and the long-term economic progress
has grown among investors, the significance of sustainability, climate mitigation projects,
and environmentally friendly investments, such as green bonds, has also increased [21].
Consequently, over the past decade, governments and corporations in both developed
and developing countries have increasingly turned to green bonds as a valuable form of
fixed-income debt instrument [22].

The literature on green bonds can be divided into three different categories. First is
yields or pricing (labeling) [23-25], second is the nexus between green bonds and other asset
classes (as well as the dynamic spillover) [26,27], and third is the impact of green bonds
on corporations and societies, which includes the most recent studies [11,28]. The existing
body of literature on green bonds primarily emphasizes qualitative studies rather than
quantitative analyses due to the limited period and variety of the sample [11]. In a more
recent study, Ref. [28] examined global green bond data spanning from 2013 to 2018 and
observed that companies experience enhancements in their environmental performance
after issuing green bonds. These improvements are evident through higher environmental
ratings and reduced emissions.

In today’s era, where sustainable development is considered a sign of success and
those businesses who care about ESG (economic governance and social) measures are
receiving positive responses from all stakeholders, including corporate and social sectors,
such actions compel businesses to undertake projects which are counted as aiding sus-
tainable development. A firm’s sustainable initiatives positively impact businesses, and it
helps to start long-term and environmentally friendly projects [29]. Several studies discuss
the relationship between green bonds and CSR (corporate social responsibility). According
to [30], green bond issuance offers key benefits such as the potential to broaden the investor
pool and attract environmentally conscious investors who value the environmental aspects
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of these bonds. Furthermore, Ref. [18] highlights a growing interest in green finance from
both individual and institutional investors, driven by the increasing awareness of environ-
mental conservation and the impact of climate change. Ref. [31] discovered a notable link
between corporate social responsibility (CSR) levels and information asymmetry, indicating
that companies can enhance investor perception by reducing information asymmetry.

Green bonds are issued by both governments and corporations. Therefore, there are
different outcomes attached to the issuance of green bonds. There are a wide range of
drivers that act as catalysts to the institutional pressure that can force organizations to
undertake the issuance and development of green bonds [19,22,32]. Several drivers can
directly influence the decision to invest more in green bonds or sustainable development,
including investors, standard setters, or strategic business partners, and some can influence
businesses indirectly, such as government agencies and international bodies [22,32-34]
discovered that macroeconomic determinates, such as trade openness and stock market
capitalization, also act as drivers for green bond development.

Green bonds have emerged as a significant tool to mobilize funds for environmentally
friendly projects. They offer several advantages. Firstly, green bonds enable issuers to
access a broader pool of investors, including those with a specific interest in sustainabil-
ity [35]. Secondly, they can enhance the issuer’s reputation and signal their commitment to
addressing environmental concerns [36]. Thirdly, green bonds can contribute to the growth
of the green finance market and promote the transition to a low-carbon economy [37].

However, green bonds also come with certain limitations. One concern is the potential
for “greenwashing” or the misallocation of funds, where projects may not deliver the in-
tended environmental benefits [38]. Ensuring transparency and robust reporting standards
is crucial to mitigate this risk [39]. Additionally, the green bond market may face challenges
related to scalability and liquidity, as it remains a niche market compared to the overall
bond market [40].

2.1. Green Bonds and Carbon Emissions

Till now the literature has focused on green bonds and their impact on a firm’s financial
performance. The limitation of the literature is due to access to green bond data. Currently,
only a few studies discussed green bonds and their direct impact on society or sustainability.
However, these studies did not use green bond data directly; in fact, they used the green
bond index. Ref. [41], for example, investigated the relationship between the global green
bond index (GRBI) and the environmental and social responsibility index (ESRI) index.
The results found that there is a positive relationship between GRBI and ESRI, but that the
positive impact of green bonds later declined gradually. Additionally, Ref. [42], investigated
the role of green bond financing in economic growth and energy efficiency, and they found
that green financing is very useful in economic recovery and producing efficient energy.
However, no studies used green bond data directly in any research model, which was due
to access to data regarding green bonds.

According to recent data, green bonds are issued by both government and corporate
sectors. The corporate sector thus includes green energy or renewable energy, emission,
green transportation, carbon emission, sustainable housing, clean waters, etc. Ref. [43].
Renewable energy is attracting the most investment through green bonds as well as foreign
direct investment [44]. The increasing investment in clean energy is the result of countries
planning to reduce carbon emissions and transfer most of their energy resources from
carbon-based to clean and green energy. According to a study conducted by Sharma et al.,
in 2021, it was discovered that economic growth exhibited positive correlations with
ecological footprint, non-renewable energy consumption, and carbon emissions.

Few studies demonstrated that the main aim of investing in green energies is to reduce
emissions. Some initial studies focused on green finance and government support policies
to make it efficient in promoting sustainable development. For instance, Ref. [45] suggested
that the green finance market should be mechanized and regulated to facilitate the flow
of funds from institutions to achieve the effective management of environmental risk and
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the optimal allocation of environmental resources. They also argued that the construction
of environmental protection should consider the mechanism of an efficient green finance
system that coordinates the relationship between ecology and finance. Ref. [46] studied
the opportunities and challenges surrounding green finance (GF) and suggested effective
and long-term policy interventions by the government to ensure the aim of reducing the
risks perceived by financial institutions in funding biomass producers. In a study by [47],
it was suggested that implementing supportive policies to encourage the advancement
of the renewable energy sector could yield dual benefits in the long run. These benefits
include not only an increase in GDP growth but also a reduction in greenhouse gas (GHG)
emissions. Ref. [48] argued that increasing renewable energy (RE) by 1% led to a decline
in GHG emissions in the interval (0.166103, 0.220551). Ref. [49] found that investing in
renewable energy can also contribute to decreasing missions.

Apart from financial benefits, there are also environmental benefits attached to green
bonds and sustainable eco-friendly activities. Ref. [28] found that green bond issuers
improve their environmental performance post-issuance (i.e., higher environmental ratings
and lower emissions) and experience an increase in ownership by long-term and green
investors. Ref. [11] analyzed the impact of green bond issuing announcements on corpo-
rate social responsibility (CSR) activities of the Chinese listed firms, which was further
reciprocated by the social and environmental activities carried out by the firms [27] stated
that the positive environmental effect instigated by the green bonds trade eases the imple-
mentation and diffusion of renewable energy solutions across nations. Ref. [50] stated that
environmental finance can help in creating green financial tools, which in turn can control
environmental pollution and optimize the structure of an industry.

Based on the above empirical literature, our first hypothesis is as follows:

H1: Green Bonds will negatively affect carbon dioxide emissions (CO3).

2.2. Green Bonds and Renewable Energy

When we talk about greenhouse gas (GHG) emissions or carbon emissions and sustain-
able development there is another important factor, namely renewable energy, that should
be treated with the same importance. If renewable energy can be integrated into energy
systems worldwide, it will decrease the level of GHG emissions. Increasing the deploy-
ment of renewable energy sources (RES) aligns with various countries’ policies aimed at
achieving a primary outcome of minimizing greenhouse gas (GHG) emissions. Few studies
demonstrated that the main aim of investing in green energies is to reduce these emissions.
In 2019, Ref. [47] put forth the proposition that strengthening supportive policies to foster
the growth of the renewable energy sector can yield dual benefits in the long run, namely
stimulating GDP growth and reducing greenhouse gas (GHG) emissions. They argued that
by boosting renewable energy development, both economic and environmental advantages
can be achieved simultaneously. Similarly, in 2019, Vasilyeva et al. contended that a mere
1% increase in renewable energy adoption corresponds to a reduction in GHG emissions
within the range of 0.166103 to 0.220551. Their findings highlighted the significant po-
tential of renewable energy sources in mitigating climate change and lowering emissions.
Building on this research, Ref. [49] further corroborated the notion that renewable energy
plays a crucial role in decreasing emissions. Their study also provided additional evidence
supporting the positive environmental impact of renewable energy, reinforcing the idea
that transitioning to cleaner energy sources can contribute to emission reduction efforts.

Initial studies focused on the impact of renewable portfolio standards (RPS), feed-
in-tariffs (FiTs), and other factors related to country economics that affect energy policies.
Ref. [51] found that investor-owned utilities invest more than publicly owned utilities in
regard to RPS and that mandatory green power options (MGPO) lead to greater amounts
of green electricity and installed renewable capacity. Ref. [52] employed a difference-in-
differences approach to evaluate the effects of renewable portfolio standards (RPS) on
renewable energy (RE) generation, electricity prices, emissions linked to electricity pro-
duction, and electricity demand. Their findings indicated that the implementation of RPS
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policies can increase electricity prices, which is in line with the previous studies by [53,54]
However, Refs. [55,56] have the opposite stance on using RPS. Refs. [57,58] claim that FiTs
are the most suitable policies of choice for spurring RE deployment. Ref. [59] found that
monetary, fiscal, and economic incentives, such as FiTs and direct investments, are the most
impactful measures for investors in the wind, solar, and biomass sectors. Then, we have
foreign direct investments (FDI), which are prominent factors in a country’s development,
especially in the energy sector. Ref. [44] stated that FDI improves clean energy usage
and saves energy consumption by investing in more technologically efficient devices and
instruments used to produce and transmit and distribute energy. Ref. [60] examined data
from Chinese renewable energy firms and uncovered the fact that green bonds strengthen
investment in renewable energy, while oil price volatility negatively impacts investment
in the renewable energy sector. Additionally, they argued that environmental taxes and
regulations strengthen renewable or green energy investments in China.
Based on the empirical literature discussed, our second hypothesis is:

H2: Green bonds will positively affect renewable energy production.

2.3. Other Variables Affecting Sustainability

Several research studies have examined the role of environmental taxes and foreign
direct investment (FDI) in the context of environmental sustainability. Environmental
taxes and FDI are the two vital instruments currently helping to reduce carbon emissions.
Environmental taxes force organizations to reduce emissions out of fear of tax costs, and
FDIs have been considered a source of sustainable investment in recent years. Ref. [61]
highlighted the interplay between trade liberalization, corruption, and environmental
policy formation. Ref. [62] found evidence that FDI contributes to environmental im-
provements in Chinese cities. Ref. [63] explored the impact of government corruption on
lobbying for environmental cooperation under the Kyoto Protocol. Ref. [64] investigated
the relationship between environmental performance, regional innovation capacity, and
economic growth in China. Ref. [65] analyzed the link between carbon emissions and FDI
in China. These studies provide insights into various aspects of the complex relationship
between environmental taxes, FDI, and environmental sustainability, shedding light on
the importance of policy frameworks, corruption, innovation, and economic growth in
shaping environmental outcomes. Many studies argue that foreign investors prefer to
invest in technology-oriented businesses, sustainable projects, or organizations with good
ESG scores; as a result, the level of carbon emissions in countries with high FDI will be
reduced. Ref. [66] argued that environmental tax has a negative relationship with carbon
emissions in the presence of FDI, while FDI itself also plays a role in decreasing carbon
emissions. Ref. [67] investigated the role of green growth in stimulating a sustainable
environment. They found that environmental tax, human capital, and renewable energy
use are found to decrease emissions. He et al. [68] found that environmental taxes help to
reduce pollutant emissions, both in OECD countries and China.

Extending the current literature, we will try to find a direct relationship between green
bonds and sustainability. Earlier studies examined CO, emissions and renewable energy
in relation to other factors, such as green bonds and stock market/indices, green finance
investment, sustainability policies, FDI, and GDP growth. However, the direct relationship
of green bonds with sustainability, CO, emissions, renewable energy, and other factors
related to sustainability have not been examined previously. The recent development in
the green bonds market has made it necessary to examine the impact of green bonds on
sustainable development and policies related to it. The most important factors are CO,
emission and renewable energy.

This study will use green bonds, carbon emissions per capita, and renewable energy
per capita data directly to identify whether green bonds play a role in reducing carbon
emissions and increasing the production of renewable energy around the world. This study
will add to the literature in many ways, as it will be the first study to examine the impact of
the green bond on carbon emissions and renewable energy production. The study will also
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provide detailed information about the recent green bonds market and its categorization.
The results will be very useful for evaluating the steps in creating sustainable societies, as
green bonds are the most prominent source currently used as a sustainable development
tool by both governments and corporations around the world.

3. Data and Methodology

The main variables of our data are “Green Bonds, Renewable Energy per Capita
(renewable energy /electricity produced in kilowatt-hours (kWh) per capita refers to the
average amount of electricity generated within a specific geographic area or country per
person.)” and “carbon emissions per capita (carbon dioxide (CO;) emissions produced by
an individual in a specific geographic area, typically measured in metric tons (tonnes) of
CO;, per person.)”. “Green Bonds Data” were retrieved from Bloomberg Terminal from 2007
to 2021. Renewable energy (kWh) and emissions per capita (in tons) were retrieved from
the Global Carbon Project through “Our World in Data”. Then, we used environmental
tax as a moderate variable and “Foreign Direct Investment” as a control variable in our
model. The data for environmental tax and FDI were retrieved from the IMF (International
Monitory Fund) database. We used data from 67 countries around the world.

We included both supranational bonds and bonds from 67 countries in the category of
green bonds. Therefore, the total number of green bond issuers in our dataset is 68. Because
supranational bonds are not attached to any country, we placed them in the worldwide
category. In the same way, we used worldwide data for other variables in the data to
balance our panel. The most important criterium for a country selection is that it must have
issued a green bond. Then, we searched for other economic data relevant to that country.
The proxy used for “Green Bonds” is the number of “Green Bonds” issued each year and
then the amount/worth of these bonds.

We used the one-step generalized method of moment (GMM-One-Step) and a simple
“Dynamic panel data model” to estimate our variables with a one-step lag of the dependent
variable. The generalized method of moments (GMM) was introduced by [69]. GMM
makes use of the orthogonality conditions to allow for efficient estimation in the presence
of unknown heteroscedasticity. The application of the dynamic panel data (DPD) approach
is often attributed to [70] in their influential study published in the Review of Economic
Studies in 1991. However, it should be noted that they played a crucial role in popularizing
the earlier work of [71] in the field of econometrics, specifically in the context of panel
data analysis.

The GMM model is used to tackle the problems of the endogeneity of lagging depen-
dent variables, heteroscedasticity, and serial correlation in the residuals, correlation, and
previous checking of random effects. GMM also controls for the bias derived from omitted
variables, because in our data, the number of bonds issued is different every year, and in
some years, there were no bonds issued. To solve the problem of endogeneity we used
the emissions lag as an instrumental variable to solve the problem of endogeneity. Our
data structure also allows us to apply the GMM model, as the number of cross-sections is
greater than periods (N > T). The basic equation for the models is as follows:

g(0) = (1/n) Y _[m(Xi, 6)Zi]

g(0) represents the vector of moment conditions. These moment conditions capture the
economic relationships. 8 represents the vector of unknown parameters to be estimated
(dependent variable). n represents the sample size. m(Xi, 6) represents the individual
moment conditions, which are functions of the observed data (Xi) and the unknown
parameters (0) (independent). Zi represents the instrumental variables (IVs) associated with
each moment condition. IVs are variables that are correlated with endogenous variables
but not directly affected by the error term.
Our model is defined as follows:

CO, Emissions = w; + B1GBonds(Numbers) + BoETax + B3log FDI + ¢ 1)
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CO, Emissions = w; + p1GBonds(Value) + BoETax + B3log FDI + ¢ (2)
Renewable Energy = a; + B1GBonds(Numbers) + BoETax + B3log FDI + ¢ (©)]

Renewable Energy = «; + p1GBonds(Value) + BoETax + Bzlog FDI + ¢ 4)

The dependent variables in the model above are CO, emissions, which represent
the total amount of carbon emissions per capita, and renewable energy, which refers to
the renewable energy produced per capita. The independent variable of interest is the
annual number of green bonds issued by a country (G-bond Number), while the alternative
independent variable is the value of green bonds issued (G-bond Value). A moderating
variable, E-Tax, measured as the percentage of environmental tax per GDP, is introduced
to assess the impact of environmental tax policies on the relationship. Additionally, a
control variable, log-FDI, representing the logarithmic value of foreign direct investment in
millions (USD), is included. The study aims to analyze how green bonds, environmental
taxes, and FDI influence CO, emissions and renewable energy production per capita.

4. Results
4.1. Descriptive Results

Tables 1 and 2 and Figures 1 and 2 show the descriptive statistics of our data as well
as the number of green bonds issued worldwide by sector and each year. Our descriptive
results exhibit the numbers for all the variables that are used in this study. Additionally, the
correlation matrix shows that there is a negative correlation between green bonds and emis-
sions, while green bonds show a positive correlation with the renewable energy produced.

Table 1. Descriptive Statistics.

Variable Mean Std. Dev. Min Max
Green Bonds (Number Issued) 5.522 21.577 0 336
Green Bonds (Amount Issued) 1.638 x 10° 6.341 x 10° 0 8.500 x 1010
E-Tax as a Percentage of GDP 2.712 10.918 —1.53 104.781
FDI 43,578.492 191,628.16 —162,704 2,100,000
CO;, Emissions (Per Capita) 1.686 0.903 —1.382 3.933
Renewable Energy (Per Capita) 2661.522 7241.148 0 56,769.699

Table 2. Pearson Correlation Matrix.

Variables 1) 2) 3) @ (5) (6)
(1) Emissions 1.000
0.068
(2) Renewable Energy (0.029) 1.000
(3) Green Bonds (Number Issued) —0.002 0.057 1.000

0.042)  (0.023)

—0.017 0.079**  0.435*
(4) Green Bonds (Amount Issued) (0.583) (0.012) (0.000) 1.000

0.118* —0151* 0273* 0310*
(5) FDI (Log) 0.000)  (0.000) (0.000) (0.000) 900

20060 —0020 0190* 0.192* 0369*
(6) E-Tax 0.056)  (0527)  (0.000) (0.000) (0.000) 0%

*p<0.05*p<0.1.
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Figure 1. Number of green bonds issued by year.
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Figure 2. Number of green bonds issued by sector.

Table 1 “Green Bonds (Amount)” represents the value of green bonds issued in USD
billions. “FDI” is the foreign direct investment for each country in USD millions, “CO,
Emissions” are the carbon emissions per capita in each country measured in tons, and
“Renewable Energy (Per Capita)” is the portion of renewable energy in total energy per
capita in each country measured in kilowatt hour (kWh).

The data show that financial, government, and energy are the top three sectors where
a high number of green bonds are issued. According to the data, the government includes
supranational bonds as well, such as the bonds issued by the World Bank, Asian develop-
ment banks, African banks, European Union banks, and other development banks around
the world. Such bonds come under the umbrella of supranational because they are issued
worldwide in multiple currencies. The rest of the government sector includes country
governments and local bodies, as well as development banks at the country level. Yearly
data show that the number of green bonds has increased year by year. The sudden increase
in the number of green bonds can be seen in 2015, and 2021 is the year with the highest
number of green bonds issued.

Figure 3 shows data by country. China is the highest issuer of green bonds, with
742 bonds issued up to the end of 2021, while Sweden holds second position, Germany is in
third place, the US is in fourth place, and France is in fifth place in regard to the number of
issuances. Overall, based on counts, supranational bonds are number two worldwide. The
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countries that are not shown here have issued less than fifty green bonds in total. Due to
space limits, we did not include them in the graph. Figure 4 displays data for the value of
bonds issued per year in millions (US Dollars). We can see that investment in green bonds
has been increasing consistently year by year since its launch in 2007, particularly after
2015. Figures 5 and 6 display data for carbon emissions and renewable energy produced

per capita worldwide.
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Per capita CO2 emissions

Carbon dioxide (CO:) emissions from fossil fuels and industry” . Land use change is not included.
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Figure 5. Carbon emission per capita worldwide from 2000 to 2021. (Retrieved from Our World

in Data).
Per capita electricity generation from renewables
Renewable electricity is the sum of electricity from hydropower, solar, wind, geothermal, biomass, wave and tidal
sources.
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Figure 6. Renewable energy per capita worldwide from 2000 to 2021. (Retrieved from Our World
in Data).
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Figure 3 displays the number of green bonds issued by a country each year. The table
displays the top issuers of green bonds worldwide.

Figure 4 displays the value of green bonds issued by year. The bar shows two values,
the lower one shows the number of green bonds issued in the current year and the upper
value shows the total value of bonds issued in billion USD. The total value shown is
in billions.

4.2. GMM Analysis
4.2.1. Green Bonds and Carbon Emissions

Table 3 exhibits GMM results for our model. We applied our model in three steps.
First, we included green bonds and emissions in the model, and this revealed that there is
a negative relationship between green bonds and carbon emissions. Secondly, we added
FDI into the GMM equation as a control variable in order to confirm the validity of green
bond results. We used log-FDI as a control variable. Again, in the presence of FDI, we
can see that green bonds display a negative relationship to emissions. However, FDI itself
shows a positive relationship to emissions. The results testify that green bonds are helping
to decrease carbon emissions. Thirdly, we included environmental tax in our model as a
moderating variable. The results still show that there is a negative relationship between
green bonds, environmental tax, FDI, and emissions.

Table 3. GMM results (dependent variable is CO, emissions per capita).

CO, Emissions Coef. CO, Emissions Coef. CO, Emissions Coef.
G-bonds —0.04 *** G-bonds (Issued) —0.035 *** G-bonds  —0.028 ***
(Number Issued) (—26.36) (—18.69) (Number Issued) (—9.25)
7.772 *** 0.39 *** —0.967 ***

Constant (353.53) Log-FDI (8.74) E-Tax (—26.90)
3.439 *** —0.203 ***

Constant (8.53) Log-FDI (—2.72)

11.959 ***

Constant (16.66)

AR1 0.000 AR1 0.000 AR1 0.000
AR2 0.363 AR2 0.373 AR2 0.330
Hansen Test 0.000 Hansen Test 0.940 Hansen Test 0.873
Chi-square 164,149.027 Chi-square 579.700 Chi-square  38,717.289
Number of Obs 1020 Number of obs 954 Number of Obs 796

<001

Table 3 displays the GMM (one-step) results. The dependent variable is “Carbon
Emissions” (CO,) per capita measured in tons. The independent variable is “Green Bonds
(Number)”, which represents the number of green bonds issued in any country per year.
“FDI” (foreign direct investment) is the control variable proxied by the FDI log. “E-tax”
is the moderating variable proxied by the percentage value of the environmental tax to
GDP ratio.

Before adding the E-tax into our model, we removed those countries where no en-
vironmental tax is implemented or E-Tax had only been implemented for less than three
years. As a result, we can see that the number of observations decreased in the last column
of Table 3. The results demonstrate that not only can green bonds mitigate environmental
pollution but environmental tax can also moderate this relationship and plays a role in de-
creasing environmental pollution. Additionally, the FDI shows a positive relationship with
emissions, but in the presence of E-tax, FDI is showing a negative relationship with emis-
sions, which means E-tax is affecting the role of foreign investment in increased emissions
and forcing businesses to adopt sustainable policies.
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To confirm the robustness of our model, we replaced the green bond numbers (count)
with the total amount issued under green bonds. So, the modified model will be described
in the following paragraph.

Table 4 displays the result for the GMM model after we replaced the number of green
bonds with the value/amount of bonds issued. The results show a negative relationship
between green bond value and carbon emissions worldwide. As in the first model, we
separately placed the control variables and moderating variables into the model, but the
results were stable and there was no change in green bonds significance or coefficient value.
We can see that the impact of the green bond became stronger after we added E-Tax to the
model. This means that E-tax plays a significant role in decreasing carbon emissions in
different countries around the world where green bonds are issued for sustainable projects.
Additionally, the FDI has a negative coefficient value, which means that foreign direct
investment helps to decrease emissions or that the FDI investment is directed toward
environmentally friendly projects. Hence, our hypothesis H1 is valid, and we proved that
there is a negative relationship between green bonds and emissions.

Table 4. GMM results (replacing number of bonds with value of bonds).

CO, Emissions Coef. CO; Emissions  Coef. CO, Emissions Coef.
Green Bonds —0.075 ***  Green Bonds —0.0711 **  Green Bonds —0.084 ***
(Amount Issued) (—23.97) (Amount Issued) (—15.41) (Amount Issued) (—16.29)
8.04 *** 0.282 *** —0.905 ***
Constant (283.43) FDI (6.43) E-Tax (—33.05)
19.389 *** —0.158 ***
Constant (18.91) FDI (—4.82)
11.682 ***
Constant (40.09)
Number of Obs 1020 Number of Obs 954 Number of Obs 796
AR1 0.000 AR1 0.000 AR1 0.000
AR2 0.915 AR2 0.953 AR2 0.778
Hansen Test 0.000 Hansen Test 0.000 Hansen Test 0.120
Chi-square 147,017.782 Chi-square 31,165.563  Chi-square
<001

Table 4 displays GMM (one-step) results. The dependent variable is “Carbon
Emissions (Per Capita)” measured in tons. The independent variable is “Green Bonds
(Amount Issued)”, representing the value of green bonds issued in any country annually.
“FDI” (foreign direct investment) is the control variable proxied by the FDI log. “E-tax”
is a moderating variable proxied by the percentage value of the environmental tax to
GDP ratio.

4.2.2. Green Bonds and Renewable Energy

Table 5 displays the GMM results of the relationship between green bonds and
renewable energy per capita. As in the previous section, we applied our model in three
steps. First, we applied green bonds with renewable energy per capita as the dependent
variable and then added FDI and E-Tax into the model to further confirm the validity of
the model. The result shows that there is a positive and significant relationship between
green bonds and renewable energy. After adding FDI and E-Tax into model, the positive
and significant nature of green bonds was still present. Although by including FDI,
the coefficient value of green bonds became stronger, FDI itself displayed a negative
relationship with emissions. While adding E-tax into the equation the impact of green
bonds was still positive, E-tax itself did not provide any significant results. FDI also
exhibited a negative relationship with emissions. Finally, we can say that green bonds
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help to add renewable energy into systems, and investment in renewable energy projects
using green bonds is proving to be useful.

Table 5. GMM results (dependent variable is renewable energy per capita).

Renewable Coef. Renewable Coef. Renewable Coef.
Green Bonds 39,808 *++ Green Bonds 66,2+ Green Bonds 1735
(Number (26.66) (Number (7.50) (Number (17.64)
Issued) ’ Issued) ’ Issued) ’
2441.611 *** —4475.996 *** 0.673
Constant (126.82) FDI (—28.18) E-Tax (0.27)
42,667.194 *** —481.495 ***
Constant (29.69) FDI (—13.86)
6905.726 ***
Constant (22.52)
AR1 0.013 AR1 0.00 AR1 0.00
AR2 0.810 AR2 0.14 AR2 0.564
Hansen Test 0.00 SARGAN 1.00 Hansen Test 0.422
Chi-Square 24,117.35 Chi-Square Chi-Square
Number of Number of Number of
Obs 1020 Obs 954 Obs 796
<001

Table 5 displays GMM (one-step) results. The dependent variable is renewable
energy produced per capita measured in kWh. The independent variables are “Green
Bonds (Number Issued)”, representing the number of green bonds issued in any country
annually. FDI (foreign direct investment) is the control variable proxied by the FDI log.
E-tax is a moderating variable proxied by the percentage value of the environmental tax
to GDP ratio.

To confirm the validity of the results, we replaced the number of green bonds issued
with the total amount of green issued per year. Table 6 displays the results of the GMM
model with green bond value as the independent variable instead of green bond numbers.
The results are still valid, and there is a positive relationship between green bonds and
renewable energy. The results remain positive and have significant values both in the
presence and absence of moderating and control variables. On the other hand, E-tax
shows a positive and significant relationship, which shows the moderating nature of the
E-tax, and we can say that environmental tax positively affects the role of green bonds
in improving renewable energy production. Finally, we can argue that our results for
green bonds and renewable energy are valid and that there is a positive relationship
between green bonds issued and renewable energy produced per capita. Hence, our second
hypothesis H2 remains valid, and we can say that green bonds positively affect renewable
energy production.

Table 6 displays GMM (one-step) results. The dependent variable is “Renewable
Energy Produced Per Capita” measured in kWh. The independent variable is “Green
Bonds (Amount Issued)”, representing the value of green bonds issued in any country
annually. “FDI” (foreign direct investment) is the control variable proxied by the log of FDL
“E-tax” is moderating variable proxied by the percentage value of the environmental tax to
GDP ratio.
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Table 6. GMM results (replacing number of bonds with value of bonds).
Renewable Coef. Renewable Coef. Renewable Coef.
Green Bonds 61,047 *4+ Green Bonds 39.336 **+ Green Bonds 30 9571 *4
(Amount (32.54) (Amount (17.94) (Amount (8.62)
Issued) ’ Issued) ’ Issued) ’
2657.074 *** —434.767 *** 28.36 ***
Constant (117.79) FDI (—24.87) E-Tax (10.08)
6005.295 *** —847.069 ***
Constant (38.83) FDI (—25.87)
10,027.021 ***
Constant (34.43)
Number of Number of Number of
Obs 855 Obs 945 Obs 796
AR1 0.000 AR1 0.000 AR1 0.000
AR2 0.416 AR2 0411 AR2 0.349
Hansen Test 0.000 Hansen Test 0.8 Hansen Test 1.000
Chi-square 28,332.473 Chi-square 19,763.971 Chi-square 12,278.946
B <001

5. Robustness

To check the robustness of our model and the validity of the data, we applied different
tools. The first is econometrics, and the second is data splitting. As we know, the GMM
model considers the autocorrelation of the variables. According to Roodman [72] if AR2 > 0
means there is no second-order serial correlation, then the current conditions are correctly
specified. The Hansen test was first implemented by Hansen [69] and is concerned with
over-identifying restrictions in a statistical model. All of our results tables mention the
AR (1), AR (2), and Hansen test values, and the results for the Hansen test are significant,
as for AR (2), since they are non-significant results which show that the model is fit and
that our variables do not suffer from second-order serial correlation.

To check the robustness, we first conducted all our tests with and without control and
moderating variables, i.e., FDI and E-Tax. The results are shown in Tables 3—-6. Additionally,
we used the “number of bonds” and the “value of bonds”, which are both given in USD.
Both variables provide significant results and do not change anywhere in our results.

Next, we split our data into two groups, namely 2007-2014 and 2015-2021, to further
check the authority of our results. We ran the GMM model separately on both, using green
bond numbers issued and amounts issued, as was carried out previously. We split the data
before and after 2015, as the Paris Agreement was in 2015, and the boom in the number
of green bonds issued occurred in 2015 and the year following. Before 2015, there was
no such stress on green bonds from governments and institutions. Tables 7 and 8 display
results for the data before 2015. The results in Table 7 show that green bonds have no
significant relationship with emissions for both green bond number and the amount issued.
However, in Table 8, we can see that green bonds (numbers) have a positive and significant
relationship with renewable energy. Meanwhile, when we applied the amount issued for
green bonds instead of green bond numbers, the result was not significant. This means
that green bonds do not affect the renewable energy produced, and green bonds have no
significant impact on emissions.
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Table 7. GMM results (2007-2014) CO, emissions per capita as dependent variables.

CO; Emissions Coef. CO; Emissions Coef.
Green Bonds —0.236 Green Bonds —0.012
(Number Issued) (—0.64) (Amount Issued) (—1.10)
—6.631 *** —0.105 ***
E-Tax (—15.07) E-Tax (—20.69)
—5.85 *** 1.089 ***
FDI (—7.05) FDI (25.28)
78.09 *** —1.797 ***
Constant (9.62) Constant (—4.67)
AR1 0.05 AR1 0.000
AR2 0.001 AR2 0.893
Hansen Test 0.00 Hansen Test 0.000
Chi-square 1579.469 Chi-square 43,126.402
No of Obs 518 No of Obs 518
< 0.01.

Table 8. GMM results (2007-2014) renewable energy per capita as dependent variable.

Renewable Coef. Renewable Coef.

Green Bonds 163.068 ** Green Bonds 11.204

(Number Issued) (2.15) (Amount Issued) (0.94)
246.694 *** 32.245 ***

E-Tax (8.19) E-Tax (5.77)
—5475.101 *** —955.179 ***

FDI (—20.24) FDI (—19.36)
51,489.286 *** 11,089.503 ***

Constant (21.26) Constant (25.18)

AR1 0.000 AR1 0.000

AR2 0.140 AR2 0.428

Hansen Test 1.000 Hansen Test 1.0

Chi-square 688.660 Chi-square 5817.966

No of Obs 518 No of Obs 518

< 0.01, ™ p < 0.05.

Table 7 displays results for the GMM (one-step) model for 2007-2014. The left-hand

side displays the result for green bonds (numbers) as the independent variable and emis-
sions as the dependent variable. The right-hand display green bonds (value) as the inde-
pendent variable and emissions per capita as the dependent variable. FDI (foreign direct
investment) is the control variable proxied by the FDI log. E-tax is a moderating variable
proxied by the percentage value of the environmental tax to GDP ratio.

Table 8 displays results for the GMM (one-step) model for 2007-2014. The left-hand
side displays results for green bonds (numbers) as the independent variable and renewable
energy produced per capita (kWh) as the dependent variable. The right-hand side displays
green bonds (value) as the independent variable and renewable energy produced per capita
(kWh) as the dependent variable. FDI (foreign direct investment) is the control variable
proxied by the FDI log. E-tax is a moderating variable proxied by the percentage value of
the environmental tax to GDP ratio.

Next, we applied our model to the data after 2015. Tables 9 and 10 display the
results for data after 2015. Table 9 results show that there is a negative and significant
relationship between green bonds and emissions. The result is the same for both green bond
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numbers and the amount issued. Table 10 displays results for green bonds and renewable
energy. The results show that there is a positive and significant relationship between green
bonds and renewable energy. The results are holding the same nature for both green bond
numbers and the amount issued. In conclusion, we can say that green bonds have had more
impact on sustainable development after 2015. These results also indicate that increasing
the number of green bonds increases green finance and can help to achieve sustainable
development goals. Additionally, we can say that the initiative taken by the international
community to achieve SDG goals is on the right track.

Table 9. GMM results (2015-2021) CO, emissions per capita as dependent variable.

CO, Emissions Coef. CO, Emissions Coef.
Green Bonds —0.029 *** Green Bonds —0.427 ***
(Number Issued) (—6.98) (Amount Issued) (—=7.23)
—0.148 *** D813 #**
E-Tax (—6.01) E-Tax (—12.23)
2.683 *** 1.295 ***
FDI (11.03) FDI (3.33)
—16.857 *** 8.59 **
Constant (—7.78) Constant (2.44)
AR1 0.000 AR1 0.000
AR2 0.505 AR2 0.388
Hansen Test 1.000 Hansen Test 1.000
Chi-square 8156.109 Chi-square 1820.892
No of Obs 436 No of Obs 436

¥4 <0.01, ™ p < 0.05.

Table 10. GMM results (2015-2021) renewable energy per capita as dependent variable.

Renewable Coef. Renewable Coef.

Green Bonds 62.854 *** Green Bonds 186.127 ***

(Number Issued) (3.18) (Amount Issued) (3.76)
—765.805 *** —1095.18 ***

Fax (—6.64) ETax (—4.31)
—1994.297 *** —2801.7 ***

FDI (—16.65) FDI (—10.56)
21,728.461 *** 28,550.378 ***

Constant (18.69) Constant (11.83)

AR1 0.000 AR1 0.000

AR2 0.650 AR2 0.940

Hansen Test 1.000 Hansen Test 1.000

Chi-square 1454.135 Chi-square 589.876

No of Obs 436 No of Obs 436

<001

Table 9 displays results for the GMM (one-step) model for 2015-2021. The left-hand

side displays the result for green bonds (numbers) as the independent variable and emis-
sions as the dependent variable. The right-hand column displays green bonds (value) as
the independent variable and emissions per capita as the dependent variable. FDI (foreign
direct investment) is the control variable proxied by the FDI log. E-tax is a moderating
variable proxied by the percentage value of the environmental tax to GDP ratio.
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Table 10 displays results for the GMM (one-step) model for 2015-2021. The left-hand
side displays results for green bonds (numbers) as the independent variable and renewable
energy produced per capita (kWh) as the dependent variable. The right-hand side displays
green bonds (value) as the independent variable and renewable energy produced per capita
(kWh) as the dependent variable. FDI (foreign direct investment) is the control variable
proxied by the FDI log. E-tax is a moderating variable proxied by the percentage value of
the environmental tax to GDP ratio.

Country-Wide Tests

To verify our results, we identified the impact of green bonds in different countries by
creating two groups. Table 11 displays the list of the highest and lowest green bond issuers.
The first group consists of fifteen (15) countries with the highest number of green bonds
issued, and the second group consists of fifteen countries with the lowest number of green
bonds issued. Tables 12-15 display results generated from the group data. Tables 12 and 13
show results for countries with the highest number of green bonds issued. The results
in Table 12 exhibit a negative and significant impact of green bonds on carbon emissions.
The results are supported by both the number of green bonds and the value/amount of
green bonds issued. Then, renewable energy is the dependent variable in Table 13, where
we can see that there is a positive and significant relationship between green bonds and
renewable energy.

Table 11. Highest and lowest green bond-issuing countries (2007-2021).

S. No Country (High Green Bonds Country (Low Green Bonds

Issuers) Issued Issuers) Issued
1 China 742 ESTONIA 1
2 SWEDEN 631 KAZAKHSTAN 1
3 GERMANY 570 NAMIBIA 1
4 United States 499 PAKISTAN 1
5 FRANCE 430 Qatar 1
6 Japan 272 SLOVENIA 1
7 SOUTH KOREA 196 COLOMBIA 2
8 NORWAY 185 COSTA RICA 2
9 MALAYSIA 170 EGYPT 2
10 Spain 128 Guatemala 2
11 NETHERLANDS 121 ISRAEL 2
12 CANADA 95 KENYA 2
13 United Kingdom 91 PANAMA 2
14 Hong Kong 81 Saudi Arabia 2
15 BRAZIL 76 Serbia 2

Tables 14 and 15 show the results for the countries with the lowest number of green
bonds issued. Table 14 shows that there is no significant relationship between green bonds
and carbon emissions. In the same way, the results in Table 15 also show that there is no
significant relationship between green bonds and renewable energy. Although green bonds
show a significant relationship at the 10% level in terms of the amount issued, the observed
effect size is relatively small, indicating a weak impact.
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Table 12. Dynamic panel results, CO, emissions per capita as dependent variable (top 15 countries

with highest green bonds issuing).

CO; Emissions Coef. CO; Emissions Coef.
. 0.75 *** . 0.708 ***
Emissions (lag) (16.89) Emissions (lag) (15.21)
Green Bonds —0.003 *** Green Bonds —0.014 ***
(Number Issued) (—3.19) (Amount Issued) (—4.17)
—0.066 —0.021
E-Tax (~1.25) E-Tax (—0.44)
0 * 0 3%
FDI (1.90) FDI (1.96)
2.086 *** 2.504 ***
Constant (5.31) Constant 6.01)
Number of Obs 195 Chi-square 447.210 Number of Obs 195 Chi-square 472.713

***p<0.01,**p<0.05*p<0.1

Table 13. Dynamic panel results, renewable energy per capita as dependent variable (top 15 countries

with highest green bonds issuing).

Renewable Coef. Renewable Coef.
0.131* 0.161 **
Renewable (lag) (1.74) Renewable (lag) (2.09)
Green Bonds 4.067 *** Green Bonds 8.562 **
(Number Issued) (3.71) (Amount Issued) (1.98)
—162.572 ** —263.758 ***
E-Tax (~2.23) E-Tax (~3.86)
—0.001 —0.001 **
FDI (—1.01) FDI (—0.49)
3841.88 *** 3793.83 ***
Constant (11.14) Constant (10.68)
Number of Obs 195 Chi-square 49.016 Number of Obs 195 Chi-square 37.033
) < 0.01,% p < 0.05,%p <0.1.
Table 14. Dynamic panel results, CO;, emissions per capita as dependent variable (top 15 countries
with lowest green bonds issuing).
CO; Emissions Coef. CO; Emissions Coef.
. 0.659 *** . 0.656 ***
Emissions (lag) (13.27) Emissions (lag) (13.29)
Green Bonds —0.289 Green Bonds —0.03 *
(Number Issued) (—1.56) (Amount Issued) (—1.95)
—0.04 -0.045
E-Tax (—029) E-Tax (~0.33)
0 0
FDI (—0.63) FDI (—0.66)
2.858 *** 2.896 ***
Constant (6.44) Constant (6.55)
Number of Obs 195 Chi-square 184.028 Number of Obs 195 Chi-square 187.777

% <0.01,*p <0.1.



Sustainability 2023, 15, 10177

22 of 27

Table 15. Dynamic panel results, renewable energy per capita as dependent variable (top 15 countries
with lowest green bonds issuing).

Renewable Coef. Renewable Coef.
Renewable (Lag) O('16 gi;;* Renewable (Lag) 0(16 gz;;*
Green Bonds(Number Issued) z((l)gg)z (NiﬁinBI(; 23: d) (1098497)
Ciio Cios
ot O
Constant 30%42512 )H* Constant 29?45.865;**
Number of Obs 195 Chi-square 125.540 Number of Obs 195 Chi-square 125.757

4 < 0.01.

Table 12 displays the results for the dynamic panel data model. The left-hand side
displays the results for green bonds (numbers) as the independent variable and emissions
per capita as the dependent variable. The right-hand side displays green bonds (value) as
the independent variable and emissions per capita as the dependent variable. FDI (foreign
direct investment) is the control variable proxied by the log of FDI. E-tax is a moderating
variable proxied by the percentage value of the environmental tax to GDP ratio.

Table 13 displays the results for the dynamic panel data model. The left-hand side
displays the results for green bonds (numbers) as the independent variable and renewable
energy produced per capita (kWh) as the dependent variable. The right-hand side displays
green bonds (value) as the independent variable and renewable energy produced per capita
(kWh) as the dependent variable. FDI (foreign direct investment) is the control variable
proxied by the log of FDI. E-tax is a moderating variable proxied by the percentage value
of the environmental tax to GDP ratio.

Table 14 displays the results for the dynamic panel data model. The left-hand side
displays the results for green bonds (numbers) as the independent variable and emissions
per capita as the dependent variable. The right-hand side displays green bonds (value) as
the independent variable and emissions per capita as the dependent variable. FDI (foreign
direct investment) is the control variable proxied by the FDI log. E-tax is a moderating
variable proxied by the percentage value of the environmental tax to GDP ratio.

Table 15 displays the results for the dynamic panel data model. The left-hand side
displays the results for green bonds (numbers) as the independent variable and renewable
energy produced per capita (kWh) as the dependent variable. The right-hand side displays
green bonds (value) as the independent variable and renewable energy produced per capita
(kWh) as the dependent variable. FDI (foreign direct investment) is the control variable
proxied by the FDI log. E-tax is a moderating variable proxied by the percentage value of
the environmental tax to GDP ratio.

Concluding the discussion, it can be seen that countries with the highest green bond-
issuing are moving towards sustainability—thus, we can say that a positive impact of green
financing and green projects is present—while the countries with the lowest level of green
bond-issuing are having trouble achieving sustainability goals. Additionally, they are still
facing the problems of high carbon emissions and use only limited renewable resources to
produce power.

6. Conclusions

The study examines the role of green bonds in affecting the initiatives of sustainable
development. Especially in regard to achieving SDGs 7 and 13, which are related to
renewable energy and climate action. We used green bond data from 2007 to 2021 and
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examined the impact of green bonds on emissions and renewable energy globally. The
data include all the countries worldwide where green bonds are issued. This study found
that there is a negative relationship between green bonds and CO, emissions, while green
bonds show a positive relationship with renewable energy. As we know, green bonds
are still in their early stages and, according to different authors and historical data, the
boom in green bonds occurred around 2015, when the Paris Agreement was signed by UN
member states. To identify the effect of international cooperation and the impact of green
bonds, we split the data into two groups, before and after 2015. We found that there was
no significant effect of green bonds on emissions and renewable energy production before
2015, while after 2015, there are significant effects of green bonds on emission reductions
and renewable energy production. This means that the expansion of the green bond market
plays a significant role in achieving sustainable development goals. The study also found
that environmental tax plays a positive role in moderating the impact of green bonds.
This means E-tax can be productive, along with other initiatives adopted in pursuit of
sustainable development.

We also investigated the impact of green bonds on high and low-green bond-issuing
countries. Moreover, our study reveals a robust correlation between green bonds and the
attainment of sustainable development goals, particularly in countries with higher levels of
green bond issuance. In contrast, countries with lower issuance of green bonds are facing
more challenges in advancing their sustainability objectives. This means green bonds are
playing a significant role in achieving sustainability goals in countries with a high number
of green bonds. These findings are helpful for the countries where the green bond market is
still in its early phase. Countries with low green bond-issuing can follow in the footprints
of other countries, which will not only develop the financial markets but also help achieve
sustainability goals.

Hence, we can conclude that green bonds play a significant role in decreasing carbon
emissions and increasing renewable energy production. These findings highlight the
instrumental role of green bonds in promoting sustainable development and emphasize
the importance of their implementation, especially in countries aspiring to achieve their
sustainability targets. By effectively aligning financial resources with environmentally
beneficial projects, green bonds have the potential to drive meaningful progress toward
sustainable development goals.

7. Discussion

Green bonds are currently playing a crucial role in the financial industry and are
pivotal for promoting sustainable development. However, the green bond market is not yet
fully developed, with only a few affluent countries actively participating. Previous studies
could not explore the impact of green bonds, as the market was still new and the data
were not easily available. While many big projects are still underway, many have already
been finished or have produced some output, and thus, their outcome data is not easy to
obtain. We examined the latest green bond data and the related impact on sustainability
goals worldwide. Our research reveals a strong correlation between countries that issue a
significant number of green bonds and their notable achievements in sustainability. These
findings can further encourage countries with low green bond issuance to utilize them
to help achieve sustainable development goals. Moreover, our findings highlight the
substantial impact of green bonds on sustainability, particularly following the 2015 Paris
Agreement, where financial instruments were linked to sustainable goals. These results
demonstrate the effectiveness of green bonds in facilitating environmental sustainability
by reducing carbon emissions and increasing renewable energy generation. Furthermore,
the findings emphasize the importance of international commitments made under the
umbrella of the United Nations in formulating and advancing policies for sustainable
development. In summary, the discussion underscores the effectiveness of green bonds as a
powerful instrument for attaining sustainability objectives. This effectiveness is amplified
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through the involvement of esteemed organizations and the dedication of the international
community to fulfill their commitments.

8. Contribution and Implications

The study is the first one to directly examine green bonds with emissions and re-
newable energy. Previously, only green bond indices and sustainability indices were
examined in order to confirm the relationship between green finance and its impact on
society/environment. This study is not limited to a single or a few countries, it spans the
whole world—wherever green bonds are issued. This provides a complete overview and
the latest information regarding the green bond market. This study could be very useful not
only as an addition to the literature but also for designing future sustainability strategies
and plans. Future studies can focus on the regional level, where we can differentiate how
green bonds are affecting sustainability in different regions of the world. This study is the
first to report any relationship between green bonds and sustainable development goals.
The outcome of this study could be very useful in designing and implementing policies
regarding SDG achievement. The outcomes of this study could be useful in deciding the
future of the green bond market and the usefulness of initiatives taken by countries and
organizations, such as the UN, World Bank, and other institutions. The planet-wide results
can further make way for institutions to encourage countries with low green bond-issuing
in order to create a feasible environment for sustainable investments so that the world can
cope with the threat of environmental degradation.

Research on green bonds and their relationships to sustainability has several future
implications. There are several ways to apply research on green bonds, especially our
research. First, green bonds can play a crucial role in financing environmentally sustainable
projects, such as renewable energy infrastructure, energy efficiency improvements, and
clean transportation. Research in this area can help identify the most effective use of green
bond proceeds and guide investments toward projects that contribute to the transition to
a low-carbon economy. Second, research on green bonds can contribute to the develop-
ment of robust standards and frameworks for assessing the environmental impact and
sustainability credentials of projects financed through these bonds. This can help enhance
investor confidence in green bonds, ensuring that the proceeds are used for genuine green
initiatives. Third, green bonds are still relatively new to the market, and research can drive
their further growth and innovation. By exploring new structures, mechanisms, and instru-
ments, research can expand the range of potential issuers, increase market liquidity, and
reduce transaction costs. This can lead to a more diverse and dynamic green bond market,
attracting a wider spectrum of issuers and investors and creating new opportunities for sus-
tainable investments. Fourth, research on green bonds can also contribute to the evolution
of sustainable finance beyond environmental considerations. It can explore the integration
of social and governance factors into the evaluation and selection of green projects.
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List of Abbreviations

No. Abbreviation  Definition
1 CO; Emissions  Carbon dioxide emissions
2 GHG Greenhouse gas emissions
3 kWh Kilowatt hour
4 SDGs Sustainable Development Goals
5 CSR Corporate social responsibility
6 UN United Nations
7 FDI Foreign direct investment
8 GDP Gross domestic product
9 E-Tax Environmental tax
10 GMM Generalized method of moments
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