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Introduction

This thesis delves into the concept of the "Greenium" and its implications within the
framework of Corporate Bonds, offering a comprehensive exploration.

The decision to address this topic was encouraged from a preliminary research paper
regarding the presence of a premium for Green Bond that my supervisor, Professor
Diana Barro, proposed to us during her course on “Advanced instruments for
sustainable finance and impact financing”.

Also given to Green Bonds increasingly important role in today's sustainable finance

context, I decided to explore this topic in greater depth using this dissertation.

The first section provides a general overview of the Bonds, emphasizing their relevant
technical features and principal functionalities as financial instruments.

Subsequently, the focus narrows to Green Bonds, detailing their specific characteristics,
analysing different categories, understand the market in which they operate, the “use of
proceeds” principle and many other key features. Attention is also given to the entities
issuing these sustainable instruments.

To provide a robust contextual foundation, this elaboration also mentions the most
relevant legislative frameworks covering Green Bonds, tracking their evolution and
focusing on the European legislation. This regulatory overview underscores the
importance of compliance and transparency in fostering Green Bond’s market growth
and investors’ confidence.

A dedicated chapter reviews the existing literature on the Greenium, synthesizing and
subsequently analysing the main insights from the academic studies.

Starting from these assumptions, the study moves on to an empirical analysis that
focuses on the comparison between Corporate Green Bonds and the respective
Conventional Bonds. Employing specific search criteria through Bloomberg platform, a
dataset has been developed to be used as input for our research.

An entire section will be allocated to the analysis of our sample and will delve into
aspects such as the nature and distribution of the data from several key points of view.
The aim of the investigation is to examine the presence of the so-called "Greenium
effect" in the European context and to identify the main determinants that contribute to

its variability, providing consistent explanations.
1



Chapter V presents the Ordinary Least Squares (OLS) regression, accompanied by t-
tests conducted on the available independent variables; the empirical analysis was
performed using Stata, a widely utilized statistical software.

In addition, final results are presented and extensively discussed with the help of

graphical representations and summary tables to enhance clarity.



CHAPTER I: CONVENTIONAL AND GREEN BONDS

1.1 GENERAL DEFINITION AND MAIN FEATURES
It is essential to provide a precise technical definition of "Bond" as this term will be the
most frequently used to describe the financial instruments discussed extensively through

the following sections.

An example of a general meaning of this financial instrument is the one provided by
Investopedia, which specifies that: “Bond is an Anglo-Saxon term used to define this
particular instrument, that can be define as a debt security which can be issued by
companies, entities or States in order to finance themselves”.

Thus, in simple term, a part who subscribes the bond makes a loan to the counterpart
who issued it, obtaining the right to be repaid the full amount loaned plus the interest

accumulated at the end of the agreed period.

The main features that characterize a bond, which we will examine in greater detail
later, are as follows:

e Type of issuers

e Price
e Coupon
e Maturity

e Duration

e Credit risk

Relating to the #ype of issuers, bonds are issued by a variety of entities, each with
unique characteristics and purposes.

It is important to clarify that, there are two primary categories. Specifically, when a
bond is issued by a government, it is referred to as a Sovereign Bond (or “municipal
bonds” if they are issued by local governments or municipalities) whereas, if issued by a

corporation or firm, it is classified as a Corporate Bond.



Other types of entities that may issue this type of financial instrument concern Financial
Institutions (for example banks or insurance companies), Supranational Organizations
(World Bank or the International Monetary Fund), Special Purpose Entities (these
include owners trust, grantor trust, real estate mortgage and others) as well as Quasi-
Governmental and Government-Sponsored Entities (examples are postal service,

cooperatives, research institutions and so on).

The price of a bond is the sum of the present value of its periodic coupons (cash- flows)
and the present value of its principal to be repaid at maturity.

This situation just described can be represented by the following equations:

N C F
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where:

P =Dbond price

C = periodic coupon

¢ = coupon rate

F = nominal value

N = numbers of periods until maturity
y = required rate of return

t = specific period

Otherwise, if the bond does not pay coupons, it is classified as a zero-coupon bond, and
its price is reduced to Equation 2 that accounts exclusively for the discounted nominal
value.

It can therefore be concluded that the price of a bond is directly influenced by the value

of its coupon rate, as the latter is a fundamental component of the pricing formula.



Another identified relationship concerns the nominal value of the security and its
corresponding market price.

When the market price of a bond exceeds its nominal value, the bond is said to
be issued "at premium". In this case, the coupon rate is higher than prevailing market
interest rates. Investors are willing to pay a premium on the bond price in exchange for
higher periodic interest payments.

The intermediate situation occurs when a bond is trading "at par". This means its
market price equals its face value, indicating that the coupon rate is equivalent to
current market interest rates.

The last scenario refers to a bond issued "at discount", meaning its market price
falls below its face value. This generally occurs when the bond’s coupon rate is lower
than prevailing market interest rates. In such cases, investors require a discount as
compensation for receiving lower interest payments compared to other available market

options.

In the context of bonds, the main features concern the coupon, which is the periodic
interest that a certain security pays calculated on its nominal value multiplied by the

coupon rate (take Equation 3 as a reference).

C=F*c

The nominal value does not necessarily correspond to the market value of a financial
instrument which is assigned to a security at the time of its issuance, and which remains
unchanged over time. One distinctive characteristic of nominal value is the different

denominations' that can be associated with each financial instrument.

There are also different types of coupon structures and, each kind, is suited to different
types of investors and market conditions.

The “fixed coupon bond” is distinguished by the fact that the interest payments are fixed
throughout the life of the security; on the other hand, “floating coupon bond’ pay an

' Denominations vary depending on the issuer, type of bond, and target investor base. Bonds are

commonly issued in denomination of 100 with multiples of that amount (that is 1000,10000...).
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interest rate that is linked to an underlying benchmark, so the coupon rate is periodically
adjusted based on changes in the reference rate. The Risk-Free Rates’ (RFRs) are the
new benchmark rates used in the money markets, and they were designed to replace the
previous IBORs (Interbank Offered Rates) which suffered from manipulation.

Another important structure is represented by the so-called “zero-coupon bond” which
does not pay periodic interest and therefore does not provide payments during its
lifetime. Instead, it is issued at a discount, which means that the difference between the
purchase price (paid at subscription) and the maturity value (the amount the holder
receives at maturity) represents the portion of interest earned and from which the bond
yield can implicitly be determined.

Other types of structures refer to “convertible bonds” which allow the bondholder to
convert the bond into a specified number of shares of the issuing company’s stock.
“Callable bonds” allow the issuer to redeem the bond prior to the maturity date
(typically at a premium); conversely, “puttable bonds” grant the bondholder the right to
sell the bond back to the issuer at a predetermined price before maturity.

“Step-up coupon bonds”, on the other hand, have a coupon rate that increases at
specified intervals during the bond’s life. Lastly, “payment-in-kind bonds” allow the
issuer to make interest payments in the form of additional bonds (rather than cash),

meaning that interest is paid by issuing more debt.

The frequency of coupon payments refers to the intervals at which the bond issuer
makes interest payments to bondholders: this rate of recurrence can vary depending on
the type and terms of the underlying debt security. The most common frequencies are
annual (yearly) where coupon payments are made once per year, semi-annual where
coupon payments are made twice a year, quarterly with payments made every three
months (resulting in a total of four payments per year); finally, monthly, although this is

less common.

Some examples of RFRs adopted in various countries are: SOFR (Secured Overnight Financing Rate)
for the United States market, SONIA (Sterling Overnight Index Average) for the United Kingdom
market, €STR (Euro Short-Term Rate) for the Euro area and TONAR (Tokyo Overnight Average
Rate) for Japan.



The coupon rate, calculated as in Equation 4, is the percentage of the nominal value of a
bond that the issuer periodically pays to the bondholder as interests. It is usually

expressed as an annual percentage.

Annual Coupon Payment
Nominal Value of the Bond

Coupon Rate = 4)

where:
Annual Coupon Payment = the total interest paid by the bond each year
Nominal Value of the Bond = represents the amount the bondholder will receive when

the bond matures

On the other hand, the yield to maturity (YTM) is the total rate of return an investor can
expect to earn if the bond is held until maturity and assuming that all coupon payments
are reinvested at the same rate. YTM is the ratio that equates the present value of the
bond’s coupon payments and its nominal value to the bond’s market price.

The general formula for determining this type of rate of a bond is resolved through an

iterative process (or financial calculators), as it cannot be computed explicitly.

It is represented as follows:

n C F
_ 5
o ; A+ YTM) W (11 YIM)" ®)

and the result is obtained by substituting all the values into the Equation 5, leaving the

variable YTM as the only unknown.

The Effective Annual Rate (EAR), calculated according to Equation 6, is another key
financial ratio that represents the amount that an investor earns (or pays in a year)
considering the effects of compounding.

This rate is particularly relevant when interest payments occur multiple times within a
year. In such cases, the nominal interest rate fails to accurately reflect the true annual

yield, which is directly influenced by the compounding frequency.



r n
Teffective — (1 f _) 1 (6)

n

where:
Feffective = €ffective annual rate
r = nominal annual interest rate

n = number of compounding periods per year

Maturity and duration are other two key concepts that obligations share: they are closely
related but must be separated and analysed individually due to their distinct

characteristics.

The maturity of a bond is considered as a static measure because it only measures the
remaining period until the date on which the invested principal will be repaid by the
issuer.

Financial instruments with maturities of one to three years are typically considered
short-term, while bonds with maturities of ten years or more are long-term. Mid-term
bonds fall in between. For the calculation of maturity, reference is made to the Equation
5 that represents the total rate of return if the security is held until maturity.

Maturity date is crucial for investors. To make informed investment decisions, maturity
must be carefully evaluated, as bond prices are sensitive to this factor: the longer the

maturity, the greater the risk due to potential fluctuations in interest rates.

Duration, on the other hand, is a more sophisticated and dynamic measure that captures
the sensitivity of a bond’s price to changes in interest rates. It is calculated as a
weighted average of the time required to receive all cash flows and is represented by the

Equation number 7.

Do\ — (= t)x (L + )T (7)
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Based on the Equation 8, Modified duration (MD) is defined by Borsa Italiana as:
“price/present value of cash-flows payment”. This measure is often used to understand
the variation in the price when the annual rate changes, explaining the interest rate
fluctuations on a bond's price into a single figure. For this reason, it is described as both
a "synthetic" and "immediate" measure. Moreover, it facilitates easier comparison,
making it an indispensable tool for managing interest rate risk within a portfolio.

In the absence of coupons, the duration corresponds to the bond's time to maturity (the

situation applies to zero-coupon bonds).

Another notable factor is the credit risk, in practice most of bonds exchanged in the
market are rated by established Credit Rating Agencies® (CRAs). These are independent
organizations that assess the creditworthiness of borrowers assign a score that indicate
the risk level associated with a borrower’s ability to repay debt.

The rating scale* starts from “AAA” that represents the best judgment indicating the
highest degree of solvency of a particular company or State, to “D” demonstrating the
situation of an insolvent company or State. Additionally, political risk® is considered
when determining the appropriate rating to assign.

This type of evaluation (based on credit risk) leads to the creation of two categories of
bonds: the so-called “investment grade” and “junk bonds”.

The former are characterized by a high rating (from AAA to BBB-) and are
consequently considered safe, but with generally lower returns. The latter, on the other
hand, are defined by a rating below BBB- and therefore offer higher yields to

compensate for the increased risk taken.

8 The primary agencies are Moody’s, Standard & Poor’s (S&P) and Fitch Ratings.

4 Rating scale is a standardize system which includes AAA, AA, A, BBB, BB, B, CCC, D. For
example: AAA means highest quality and low risk of default, BBB adequate quality and moderate
risk, D means in default.

Political risk is a type of risk faced by investors, corporations and governments that political
decisions, events or other type of conditions will significantly affect the profitability of a business
actor or the expected value of a given economic action.

9



This process benefits investors who, relying on the assigned scores, can carefully
evaluate financial instruments, enabling well-informed decisions when selecting a

specific investment based on own risk tolerance®.

1.1.1 Corporate vs Sovereign Bond: the differences

Let us now investigate deeper into some characteristics between Sovereign and
Corporate bonds.

The most evident is that the former is issued by National Government that can choose to
issue such instruments in the own currency (if the State has strong monetary system) or
in a foreign one (this happened when the country has weak currencies) to raising money
from the public’ with the aim of financing public expenditures or public debt.

On the other hand, Corporate Bond, is debt issued by companies or corporation with the
aim of generating additional capital using alternative methods from the classic bank

loans or equity financing.

Another aspect that deserves attention is the yield.

It is indeed fair to assume that Sovereign Bonds tend to have lower yields than
Corporate Bonds, reflecting the lower risk associated. Also the returns depend on the
country's risk and monetary policy: in fact, developed countries offer lower returns,
while emerging markets often provide higher rates to attract investors.

Conversely, Corporate Bonds offer higher yields to compensate a degree of higher risk,
which however varies depending on the financial wealth, the sector of operation, the

profitability and the level of indebtedness of the company and credit quality.

Other relevant features concern the maturity and currency of debt securities.
Corporate Bonds are characterized by being issued with flexible and relatively short
maturities (ranging from a few months to decades) and are usually denominated in the

local currency.

&  Risk tolerance reflects an investor's ability and willingness to face potential losses in exchange for the

possibility of higher returns. Understanding this is crucial for making informed investment decisions.

7 Public means everyone (individuals or entities) without any restrictions.
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Sovereign Bonds, on the other hand, are also issued with various maturities and in
different currencies, not necessarily the local ones, but rather favouring stronger

currencies (such as Euros, Dollars and Pounds).

The liquidity aspect also has its influence. Sovereign Bonds are often more liquid and
traded in larger quantities than Corporate Bonds, which may have different level of

liquidity depending on the size and reputation of the company.

Finally, a very important factor nowadays concerns tax treatment.

Generally, Sovereign Bond proceeds may benefit from favourable tax treatments, such
as exemptions or reductions on interest taxes with respect to Corporate Bonds that are
subject to ordinary tax system (without specific concessions) which differs greatly from

country to country based on different regulations.

1.1.2. Introduction to the Green Bond’s world

We will now introduce the new idea of Green Bond that could be define as relatively
young instruments indeed their introduction into markets dates to 2007. Even though the
literature on these instruments is still limited, their reputation is growing fast thanks to
the recently COP218 with the Paris agreements on climate change’.

These types of tools can be defined as “fixed-income investments” but, the peculiarity is
that their issue is linked to green projects, which means that, the application of proceeds
is only intended to have positive impacts on the environment.

As mentioned before, they allow to finance various type of programs with
environmental sustainability characteristics, such as: water and waste treatment,
initiative related to pollution prevention and control, energy production from renewable

sources, intervention on transport and infrastructure, bio-building and so on.

& COP21 or “The 2015 United Nations Climate Change Conference” or “CMP 11” was held in Paris,
France, from 30 November to 12 December 2015.

The most notable outcome of COP21 was the adoption of the Paris Agreement: an international
accord in which countries committed to reducing greenhouse gas emissions to limit global warming
to well below 2 degrees Celsius, with efforts to limit the increase to 1.5 degrees Celsius above pre-
industrial levels.

11



Therefore, we can define these instruments as “green” basically for two reasons: the
first one is because they contribute to the reduction of greenhouse gas emissions by
fighting climate change matters; the second concerns the implementation of the concept

(02D)

of “sustainable development'®” in the classical financial reality.

1.2 ANALYSIS OF GREEN BONDS FROM DIFFERENT DIMENSIONS
In the following paragraphs, we will begin a detailed analysis of the principal
characteristics of bonds. This examination is essential to establish a comprehensive and

practical base for the subsequent chapters of this paper.

1.2.1 Analysis from a category perspective
As mentioned before, the main purpose of Green Bonds is to finance or refinancing (in
whole or in part) projects dealing with an environmental matter.
In addition, however, there are two other categories of instruments directly related to

these: the so-called “Social Bond” and “Sustainability Bonds” .

The former finance projects of social interest by combining individual economic
objectives (i.e. return on investment) with others of general interest (i.e. financing or
refinancing plans or activities that achieve positive social outcomes and/or address a
social issue). Recently, due to Covid-19 pandemic'', a new type of Social Bond born:
the “Covid-19 Bond”. Returns from this type of security are aimed at mitigating the
social challenges caused by the severe impacts of the pandemic, with a primary focus on
supporting vulnerable and disproportionately affected populations.

As for Sustainability Bonds, they give to investors the opportunity to combine
investment objectives with social and environmental matters in the field of, for

example, poverty reduction, education, infrastructure or agriculture (for further

Sustainable development is an approach to growth and human development that aims to meet the
needs of the present without compromising the ability of future generations to meet their own needs.

" COVID-19, short for "Coronavirus Disease 2019," is an infectious disease caused by the SARS-CoV-
2 virus, which belongs to the coronavirus family. It’s primarily affects the breathing system and
caused around 7 million deaths around the World.

12



information the reader can refer to “Green, Social and Sustainability Bond framework”

by CDP).

This is not all, in fact, approximately since 2019, a new category of innovative financial
instruments has emerged: the so-called “Sustainability-Linked Bond” (SLB).

They seem like classic bonds whose financial and structural characteristics are linked to
predetermined sustainability targets but, SLBs, are not connected directly to the
implementation of a single sustainability project. To explain further, let us say that the
proceeds generated from bond issue can indeed be used for general purposes, mainly
related to a whole strategy centred on the SDGs'? of the United Nation.

Another relevant feature of the latter is given by their financial and/or structural
characteristics that vary depending on whether the predefined SPTs'> are achieved.
Sustainability-Linked Bond anticipate his impact related to one or more trigger events
checking that by the changing in the coupon rate: we have an increase in the rate if the
sustainability targets are not met and vice versa.

From January 2021, the role of SLBs was also recognised at the monetary policy level
by the ECB'* justifying, once again, their importance (for further details the reader

can refer to “Sustainability-Linked Bond Principles-Voluntary Process Guidelines” by

ICMA).

Graph 1, represents the issuance volume of the various kind of green instruments that
we have just described, taking into consideration the range of years from 2014 to 2023

(a decade).

Sustainable Development Goals are a set of 17 global objectives established by the United Nations in
2015 as part of the 2030 Agenda for Sustainable Development. Each goal has specific targets to be
achieved.

SPT stands for Sustainability Performance Targets and refers to specific, measurable goals that
issuers set to ensure that the proceeds from the bonds are used to finance projects that contribute to
sustainability objectives. Performance indicators are intended to track the effectiveness of the funded
projects in achieving their sustainability aims.

The acronym ECB stands for the European Central Bank. It is responsible for monetary policy within
the Eurozone and its primary objectives are to maintain price stability and oversees the European
banking system.

13



Graph 1. Yearly supply of different Bond in the last ten years (2014-2023) in billions of
US dollars.
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Graph 2. Value of Green Bonds issued worldwide, 2014-2023, in billions of US Dollars.
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To be clearer, Graph 2 represents only the value of total Green Bond issued around the
world without considering the other categories of instruments'> mentioned earlier. As
we can see, issuance has risen exponentially in recent decades, thanks in large part to
the increasing attention and popularity of the idea of sustainable finance.

The highest peak reached was in 2021. In this year, effectively, there was an amount of
bond issued around 634 billion in US Dollars.

In addition, confirming that Green Bond is an increasingly key tool, in the last three
years (2021-2023) we have recorded a higher volume of Green Bonds than in the
previous seven years (2014-2020).

However, we must take into consideration that, from 2021 to 2022, has been registered
a slight decrease (about -12,4%) which certainly does not significantly affect the

positive growth of these types of instruments.

1.2.2 Examination from a geographical point of view
Let us now consider the evolution of Green Bonds from a geographical perspective by

analysing the global landscape.

To provide a clearer representation of the situation, Graph 3 illustrates the largest
mainland issuers of green securities along with their respective magnitudes.

Taking into consideration the macro-categories (continents in this case) we can derive
some data described in Graph 3. In the first place we find Europe with the highest
volume of securities issued (about 1.393 billion of US Dollar) until today'®, followed by
Asia-pacific (730 billion $) and North America (514 billion $). In the end,
Supranational Organization'’ appears with an amount of 100 billion of US Dollar

issued in Green Bonds.

Graph 2 does not consider the categories of Sustainability-Linked Bond, Sustainability Bond and
Social Bond.

6 “Today” refers to the end of the year 2023.

17 A supranational organization is a type of international and political union that is empowered to

directly exercise some of the powers and functions otherwise reserved to States.
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Graph 3. Climate Bond issues by region, 2014-2023, in billions of US Dollars.
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Considering Latin America and Africa, the total value of these two is around 60 billion
Dollars; the condition just presented is easily explained because we are talking about

two emerging economies whose markets have only been growing for a few years.

1.2.3 Focus on European context

Graph 4. Volume of Green Bonds issued by major European countries, 2023, in billions

of US Dollars.
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Regarding Graph 4, it is easy to understand how Europe is a world leader in the
allocation of Green Bonds, with a total issuance of 228.6 billion of U.S. dollars in 2023.

In the same year, Germany issued the largest amount (almost 30% of the total) followed
by United Kingdom (14%), Italy (13%) and France (12%)).

The just-mentioned four powers have generated together a cash flow of 160 billion of
US Dollars: more than half of total emissions in the European markets, confirming
themselves as leaders in the transition towards sustainability.

Spain, the Netherlands, and Scandinavian countries (including Sweden, Norway, and
Denmark) also exert significant influence, followed by Ireland.

Additional countries were considered in the analysis, but they are not displayed in

Graph 4 as their annual business magnitude is below 8 billion of US Dollars.

1.2.4 Currencies
Based on the previous paragraph, it is therefore natural for us to analyse in which

currency green credit instruments are traded in the International Markets.

As already stated, Europe appears to be the leader in the issuance of Green Bonds and
therefore it is intuitable to say that the most widely used exchange currency is Euro.
In the following illustration (Graph 5), the major world currencies'® are analysed and

the corresponding business volume is associated with each of them.

Graph 5 confirms that Euro (EUR) is the most used currency in international exchanges
with a peak, in 2023, of almost 260 billion dollars (representing 44% of total trading).

In second place we find US Dollar (USD) with a turnover of 125 billion; the two
currencies just mentioned account for 63% of the total transactions in 2023.

Next, we find the official currency of China (CNY') immediately followed by the
British Pound (GBP).

However, it is important to emphasize that the graph represents the most commonly used currencies;
even so, the study considered a broader range of 44 world currencies (thus also taking into account
minorities).

% The term "CNY" stands for "Chinese Yuan," which is the official currency of the People's Republic
of China.
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These four currencies just mentioned cover 85% of the total world trade.

Graph 5. Green Bonds turnover in major world currencies, 2014-2023, in billions of US

Dollars.
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Source: Personal elaboration using data from Climate Bond Initiative

Other currencies of lesser importance, but relevant to the study, are the Swedish Krona
(SEK), Indian Rupee (INR), Canadian Dollar (CAD), Japanese Yen (JPY), Singapore
Dollars (SGD) and Australian Dollars (AUD) which together affect the 6%.

1.2.5 A type of market view
Another necessary focus is about the classification of the markets where Green Bonds

are traded: situation pictured in Graph 6.

Considering Graph 6, it is evident that the volume of Green Bond issuance has
consistently increased over time in both developed and emerging markets; conversely,

the supranational marke’® has experienced only a modest increase. We reach the

20 A supranational organization is a multinational union or association in which member countries cede

authority and sovereignty on at least some internal matters to the group, whose decisions are binding
on its members. In short, member states share in decision-making on matters that will affect each
country's citizens.
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conclusion that the most volume of bonds issued is in the hand of developed markets®'
(1.972 billion $) followed by emerging realities** (620 billion $ growing). Lastly, we

find supranational market with a magnitude of 204 billion of US Dollars exchanged.

Graph 6. Green Bond issues by market type, 2014-2023, in billions of US Dollars.
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We can thus assert with confidence that the issuance strength of Green Bonds is highly
dependent on the specific market in which they are traded. This situation arises due to
varying levels of market maturity, regulatory frameworks and the degree of investor
interest in sustainability across different markets.

In developed markets exist advanced infrastructure, robust regulatory frameworks and
various incentives, leading to higher investor demand and elevated credit ratings for
financial securities, which are considered safer and more reliable. Conversely, emerging
markets face lower levels of issuance often due to limited financing, reduced interest in

sustainable projects and insufficient government policies to support them.

21 Considering the Wikipedia definition a developed country is defined as “a sovereign state or advance

country that has a high quality of life, developed economy and advanced technological infrastructure

relative to other less industrialized nations”.
2 An emerging country is defined as a nation that is in the process of rapid growth and

industrialization.
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Consequently, there is a significant need for financing to foster sustainable development

alongside efforts to enhance regulation and transparency.

Graph 7 below is provided to offer a clearer and more immediate understanding of the
impact of different market types, presenting the data purely in a percentage form.

The developed markets make the largest contribution, accounting for 71% of the total.
They are followed by emerging markets, which contribute 22% and have shown strong
growth in recent years. Finally, supranational entities contribute 7% to the total issuance

market.

Graph 7. Green Bond issues by market type in percentage, 2014-2023.
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Source: Personal elaboration using data from Climate Bond Initiative

1.2.6 Focus on issuer type
We now move on to analyse the various type of issuer that mostly deal with sustainable
instruments. Indeed, the dependence between the type of issuer and the issuance volume
of Green Bonds is a matter of significance, as the volume issued can vary substantially
based on the issuer’s category and objectives.
Initially, the new bond issues came mainly from supranational financial institutions

such as the World Bank® or the European Investment Bank**.

23 The World Bank is an international financial institution that provides loans and grants to the

governments of low and middle-income countries for the purpose of pursuing capital projects.
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Then, securities have also started to be exchanged by individual companies,
municipalities and State agencies that came into the primary and secondary markets.
The former refers to the capital market where new securities are issued and sold for the
first time; the last one concerns market where existing securities are traded after their

initial issuance.

As just said and, as Graph 8 confirms, we find several organization ranging from the

public sector, passing through banks up to the private sphere.

Graph 8. Significant issuer type of Green Bond in percentage, 2023.
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Source: Personal elaboration using data from Climate Bond Initiative

More specifically, in the first place we find Financial Corporate® issuer that

contributed to 27% of the 2023 total issuances (corresponding to 759 billion $),

24 The European Investment Bank (EIB) is the European Union's bank, established in 1958. Its aim is to
support the EU's economic development by financing projects that contribute to the EU's objectives,
including climate change.

% Financial firms are companies that provide various financial services (as an intermediary) to
individuals, businesses and governments. The latter include investment management, banking,
insurance, asset management and advisory services in general.

Banks, investment banks, hedge funds, insurance companies and mutual funds are examples of
financial firms.
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immediately followed by Non-Financial Corporation*® with a contribution of 745
billion $.

More detached we can find Government-Backed Entities’” (499 billion $) and Sovereign
(387 billion $).

Development Banks®® also play an important role contributing around 11% with respect
to the total corresponding to 317 billion of US Dollars; the last small part belongs to

Local Governments*® with an emission capacity of 89 billion $.

Thus, for each type of green instrument, the respective issuer has distinct motivations
for issuance.

Sovereign Entities and Government Agencies, considered as public institutions,
primarily issue Green Bonds to finance large-scale and long-term infrastructure
projects, including renewable energy initiatives, sustainable transportation systems and
low-impact construction.

By contrast, private companies typically issue green instruments to finance projects
aimed at enhancing the sustainability of their internal operations (an example is some
energy efficiency improvements within the supply chain).

Regarding banks and financial institutions, they hold an “intermediary role”. Through
the process of raising funds from the public, they obtain financial resources that are
subsequently allocated as loans to support sustainable projects across various sectors.
The final category of issuers is represented by Supranational Organizations and
Multilateral Institutions, whose primary objective is to promote environmental projects

across various countries, with a particular focus on evolving sustainable development in

26 Non-financial corporations (NFCs) are businesses that primarily engage in the production and

distribution of goods and services.

27 Government-backed entities are financial institutions created or supported by the government to

promote specific economic activities or sectors enhancing the availability of capital, reduce costs for
consumers, and support public policy objectives.

2 A developed bank refers to a financial institution that operates in a country with a well-established

and advanced economy.

2 Local government refers to the administrative authority that is responsible for governing a specific

geographic area at a level below that of the national or state government. They can include various
entities such as municipalities, counties, townships, and districts.
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emerging economies. This particular focus has contributed to a growing overall volume
of Green Bond issuance as an increasing number of stakeholders become aware of its
benefits and, consequently, are willing to adopt green finance instruments for their

funding needs.

1.2.7 Use of proceeds
As we have already pointed out in the introduction to this paper, a key feature of Green
Bonds is the management of proceeds: they are in fact intended for limited and detailed
purposes previously defined.

Let us now consider some examples to better understand the context of use.

Considering the "energy" category, the profits generated from the issuances of Green
Bonds are primarily allocated to financing projects that ensure the production,
utilization and consumption of energy derived from renewable sources such as solar,
wind and hydroelectric power. These systems contribute to a reduction in greenhouse
gas emissions, thereby ensuring a positive environmental impact.

In the "building" sector, returns are directed towards the development of green building
technologies to make more sustainable constructions, including potential end-of-life
disassembly.

Another significant area mentioned pertains to "transportation" where funds are
allocated to support the development and advancement of electric vehicle production,
the research of alternatives to fossil fuels and to the improvement of road
infrastructures. These efforts aim to mitigate the environmental impact associated with
transportation, such as land consumption.

“Water" and "Waste" categories receive proceeds to develop new technologies and
improvements in water treatment for its administration and conservation. Additionally,
recycling and waste management systems represent crucial components in the transition
towards a circular economy.

Concerning "land use" field, the underlying incomes are dedicated to the conservation
and sustainable land management, applying actions such as reforestation processes,

biodiversity conservation and sustainable agricultural practices.

23



In the end, income allocated to the "industry" category support projects that enhance
sustainability within production processes and supply chains. This is possible with the
aid to new technologies (or through the implementation of existing ones) aimed at

reducing ghg atmospheric emissions.

Graph 9. Use of proceeds by macro-category, 2014-2023, in billions of US Dollars.
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Looking at Graph 9, we can identify immediately three macro-categories that account
for 77% of the total and have consistently maintained a steady growth rate over the
years.

They refer to energy (34%), buildings (25%) and transport (18%). The three classes just
mentioned raise 2.194 billion of US Dollars out of a total of 2.785 billion.

Nowadays, we can perceive how these three sectors are in strong development due to
many launched projects linked to renewable energy generation systems, less land-
intrusive infrastructure and increasing in efficient and less polluting transport. The other

smaller categories engaged in the study (in this case are water, waste, land use, industry,

24



ICT*® and unspecified A&R®") correspond to 23% but are still relevant as they are
growing rapidly.

1.2.8 Deal size
Another interesting feature to analyse is the size of single deal because this can differ
widely depending on several factors related to the type of market, the characteristics of

the issuer and the green project to be financed.

Graph 10. Representation of deal size scale, 2013.
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Source: Personal elaboration using data from Climate Bond Initiative

Specifically, the issuer's financing capacity is crucial, as large corporations and
Governmental Institutions are generally able to issue Green Bonds in larger
denominations compared to small and medium-sized enterprises. The latter in fact may
have more limited liquidity, either to sustain debt manageability or to prevent excessive

negative impacts on their balance sheets or financial leverage.

8 Information and Communication Technology, refers to the use of technology for managing,
processing and communicating information using both hardware and software tools.

31 'When "unspecified A&R" is mentioned, it generally means that the particular A&R (Artiste and
Repertoire) person's role or duties are not defined in detail, or their specific contributions are not
explicitly listed.
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The size of a Green Bond is also closely linked to the scale of the underlying project:
large long-term plans require greater investment and therefore larger issuances, whereas
smaller projects request less capital and, consequently, smaller bond sizes.

The range of bond sizes is also designed to attract different types of investors with
variable risk preferences; institutional investors typically opt for larger issuances, while
retail investors may be more attracted to smaller denominations.

Another influencing factor is the broader economic and market conditions, which can
affect the determination of issuance size.

Certification and compliance criteria also play a significant role, as these represent
additional costs that must be considered in order determine the right issuance value of a

particular sustainable instrument.

With the aid of Graph 10, we may note that the average deal size continues to growth
among green debt instrument: 35% of transactions exceed one Billion.

The majority range (corresponding to 50% of total exchanges) stay between 100 million
Dollar and 1 billion Dollar; only few dealings stay below 100 million of US Dollars.

We can justify the numbers mentioned taking into consideration the issuer type. In point
of fact deals size are closely related to the profile of the latter: the larger the issuer, the

larger the volume of the business deal.
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CHAPTER II: CORPORATE GREEN BOND

As pointed out before, Corporate Green Bonds are instruments issued by private
companies and not by government agencies or supranational organisation.

They represent an increasingly important portion of the global market as firms are
taking a more active role in the transition towards sustainable economy considering also
social aspects, adaptation and alignment with new regulations, governance and market

pressures.

2.1 WHAT MOTIVATE COMPANIES TO ISSUE GREEN BOND?
To better understand the scale and evolution of these instruments, it is essential to
analyse many rationales that drives an organization to issue green instruments in the
market.
Environmental purpose is of course the first and the most important rationale in order to
issue green tools with the primary objective of generating a positive output on the
environment. Other motivations also concerning strategic sustainability business goals
and long-term investments.
Directly linked to the previous notion we find transparency and reporting: issuing
companies are required to ensure that the proceeds from Green Bonds are indeed used
only for financing sustainable projects, following specific guidelines®* for transparency
and reporting. These principles encourage firms to provide detailed information on the
use of proceeds, the project evaluation process and the expected environmental benefits.
This practice also favours stakeholders trust by committing to transparent reporting and
accountability.
Two additional closely related concepts concern the access and the cost of capital (see
Harrison et al., 2020: “What’s in a Greenium: An Analysis of Pricing Methodologies

and Discourse in the Green Bond Market”).

%2 The upcoming sections of this chapter will provide an in-depth analysis of Green Bond regulations at

both the international and European levels.
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In practice, Green Bonds attract a growing and different pool of socially responsible
investors that allows companies to raise new funds in an alternative way (not only by
loans or mortgages).

So, firms may benefit from lower interest rate on green instruments compared to
conventional bond due to risk reduction through sustainable projects; in addition, they
may receive incentives (tax reduction, subsidies...) from financial and governments
institutions promoting sustainable commitments.

Market differentiation is another relevant aspect to consider. By issuing green
instruments, companies can distinguish themselves from competitors and thereby
achieve a competitive advantage. Furthermore, the trading of green financial tools in the
markets can foster incentives for innovation, leading to the creation of new market
opportunities as well as the development of advanced technologies and sustainable
practices.

ESG labeling is another important concept, in effect firms that issue Green Bonds can
enhance their reputation (or the brand value) and achieve a better evaluation in terms of
ESG factors. This is a relevant aspect that companies must take seriously into
consideration as this is a reason for attracting institutional investors with specific
interest to be align with ESG standards and to acquire their loyalty.

This led us to talk about the so-called “Greenwashing phenomenon”: a new and ongoing
problem linked to sustainability field development. This pattern can be described as a
misleading practice in which a company (or an organisation) promotes an image of
sustainability and environmental duty, without any real practices or results to support
such claims. In essence, it is a form of marketing that persuades consumers about the
environmental impact of a company's products or operations.

Another opportunity that Green Bonds grant is access to international markets. Thus,
the company that issues and trades them may attract more attention from foreign

investors, facilitating access to new sources of capital abroad.
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2.2 MAJOR MARKETS
As mentioned in Chapter I, the main market for Corporate Green Bonds is concentrated
in development regions accompanied by the growing participation from emerging
realities.
Is now presented an overview of the leading sustainable markets taking into

consideration the geographical dimension.

2.2.1 Europe
Europe is the largest, most developed and dynamic market for these types of
instruments due to a stringent environmental regulation, high investors demand and
strong government support for sustainable finance.
To provide greater detail and further insight into the European context, Table 1 presents
the top three issuers® of Corporate Green Bonds for each of the four countries with the

highest issuance volumes.

Table 1. Best issuers per volume of the major European countries and respective sector,

2023.

COUNTRY ISSUER NAME SECTOR
Volkswagen Group Automotive
BASF Chemicals
GERMANY
‘ Industrial manufacturing and
Siemens
technology
EDF Energy Energy (utilities)
FRANCE TotalEnergies Energy (oil and gas)
Renault Automotive
SPAIN Iberdrola Energy (utilities)

% As issuers, we have considered only "Non-Financial Corporations" excluding the other categories of

emitters discussed in Chapter 1 of this paper. This decision was made to enhance the clarity of the
table, focusing directly on Corporate Green Bonds, which are the central subject of this study.
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Repsol Energy (oil and gas)

Telefonica Telecommunications
Enel Energy

ITALY Telecom Italia (TIM) Telecommunications
Terna Utilities
NETHERLANDS TenneT Energy
UK Tesco Retailer

Source: personal elaboration considering data from Climate Bond Initiative Report

In Table 1, we have focused exclusively on Non-Financial Companies as these are the
entities of primary interest to us. In addition to the “big four”, we have also included
United Kingdom and the Netherlands, which also have a significant impact within this
context.

By analysing the table, we can state that companies in the energy sector, followed by
those in the automotive and telecommunications industries, are the largest issuers of
Green Bonds in Europe. This is due to several factors related to the nature of these
sectors and their need to transition, as soon as possible, towards new and sustainable
energy models.

In preparing Table 1, the sector of each company referenced above was taken into
consideration, ensuring that the issuance of Green Bonds and the allocation of the
corresponding proceeds were directed toward addressing climate change issues relevant
to their respective sectors.

Based particularly on the “Non-Financial Reports” of the mentioned companies, it has
been confirmed that their primary focus is on financing sustainable projects related to
their sectors while, to a reduced extent, they also support other projects that fall outside

their core operations.

To confirm the previous statements, we may consider the example of Enel Energia, a

large company in Italy which distributes electricity and natural gas. An accurate
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analysis of Enel Sustainability Report* shows that the company primarily supports four
Sustainable Development Goals.

According to its Non-Financial Report, the sustainable commitments in which society
makes investments are reported below (as in the sustainability report) listed by

importance.

First, the SDG 13 that refers to Climate Action results to be the most relevant for Enel.
“The company is committed to the development new forms of renewable sources in
order to have a portfolio of 100% renewable by 2040, also thanks to the exit from
thermal generation by the same year”.

SDG 7 relates to Affordable and Clean Energy. “Enel has the objective to be a “100%
renewable generation” with the progressive development of renewable energy, taking
advantage of the hybridization of renewables with storage solutions, and the
concomitant exit from electricity generation from thermal generation capacity”.

SDG 9 cares about Industry, Innovation, and Infrastructure towards a safer, more
resilient and digitalized power grid. “The objective is to fully integrate renewable
energy sources and support the transformation of customers’ energy consumption in
homes, cities, and industry. Flexibility of networks allows to connect millions of users
and consumers”.

At the end, SDG 11 describes Sustainable Cities and Communities. “Enel offers
innovative products and services to accompany customers on the path of clean
electrification and transformation of energy habits, in order to make electricity from
renewable sources increasingly accessible and widespread in homes, businesses and
public administrations also supporting small and large municipalities toward a smart
city model. Another future goal is to promote the development of an increasingly

advanced and flexible public and domestic charging infrastructure”.

34

Enel Sustainability Report:
https://www.enel.com/content/dam/enel-com/documenti/investitori/sostenibilita/2023/sustainability-
report 2023.pdf

31



According to Enel's Non-Financial Disclosures, over 90% of its capital expenditures®>

for the period 2024-2026 are aligned with these initiatives. (ENEL Sustainability
Report, 2023, page 71)

2.2.2 United States
Turning to the Unites State market, it can be observed that it is experiencing significant
growth (especially in the last few years), primarily driven by the technology and
telecommunications industries. However, compared to the European context, the idea of

sustainability in the U.S. is less pronounced.

Among the largest emitters, we certainly find Apple (it is categorized as one of the Big
Tech companies), which places considerable importance on the sustainable use of
electricity in its production processes, and Google (Alphabet), which follows a similar
approach.

Additionally, Verizon, a leading telecommunications company, deserves attention for
issuing bonds to financing clean energy and energy efficiency initiatives followed by

General Motors (one of the largest automobile manufacturers in the world).

Considering also Financial Institution, Bank of America demonstrates, in particularly, a
strong commitment to sustainability and environmental responsibility addressing its

efforts to support carbon neutrality goals.

% Capex or Capital Expenditures, refers to the funds that a company uses to purchase, upgrade, or

maintain physical assets, like property, buildings, equipment, or technology. These investments are
made to improve or expand the company’s operations for long-term growth.
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Graph 11. Most important issuers in the US market and their turnover (in billion US
Dollar), 2023.
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Source: personal elaboration considering data from Bloomberg, Climate Bond
Initiative; Apple, Verizone, Google (Alphabet) and General Motors Sustainability
Reports

According to Graph 11, the four firms (Apple, Verizone, Alphabet, GM) contributed
slightly over 15 billion of US Dollar out of a total of 60 billion in 2023, considering a
total of 1231 official issuers. Consequently, the emission capacity of the previous
largest companies cited is significant, as it affects 25% of the entire U.S. Green Bond
market.

As previously mentioned, also Bank of America has its significance with approximately

5 million of USD issued in Green Bonds for ESG projects in the American context.

2.2.3 Asia
Asia-Pacific area is a rapidly growing market for Corporate Green Bonds too.
The continent's sustainability efforts are primarily focused on reducing carbon
emissions, which are largely generated by major manufacturing industries and heavy
urban traffic. This because of the high population density in many of its major cities: an
issue that has become increasingly problematic especially in the recent years.
Many initiatives are actively supported by the national government and regional
authorities, which promote the adoption of sustainable energy source fostering the use

of renewable energy. This critical situation has led the continent to set up a more
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sustainable mindset resulting, in the last years, in the issuance of several green financial

instruments.

China, in fact, is one of the largest Green Bond issuers in the world, with a strong focus
on sustainable energy and infrastructure projects fostered by strong government support
(using subsidies and preferential policies that support Green Bond issuances), regulatory
frameworks and corporate participation. Another key aspect concerns the significantly
market’s expansion thanks to the diverse range of active issuers which includes state-
owned enterprises, banks and private corporations. In addition, China is also working
toward harmonizing its standards with international sustainability frameworks; this

achievement becomes essential to attract greater foreign investments.

Japan’s Green Bond market has also growth significantly given the need to meet several
goals about decarbonization and thanks to the boost from the private sector represented
by large corporations and financial institutions. This is the reason why Japanese
government establish the so-called “Green Innovation Fund” to support R&D in low-
carbon technologies and which has promoted green bond issuance by providing targeted
funds for projects like hydrogen, energy storage and advanced renewables.

Also Japan adheres closely to international standards, such as the Green Bond Principles
and supports green finance initiatives through favourable policies, tax incentives and the

issuance of sovereign Green Bonds.

India and South Korea have both actively engaged in the issuance of Green Bonds to
provide financial support for projects aligned with environmental sustainability,

particularly in renewable energy and infrastructure development.

Table 2. Top non-financial companies of primary country in Asia and respective sector,

2023.

COUNTRY ISSUER NAME SECTOR

CHINA China Three Gorges Corporation Energy
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JAPAN Mitsubishi Automotive

INDIA Adani Green Energy Energy

SOUTH KOREA Samsung Electronics

Source: personal elaboration considering data from Climate Bond Initiative Report

2.2.4 Latin America
Latin America is considered as an emerging market for corporate Green Bonds, indeed
financial green instruments are particularly relevant for the region, as it addresses
significant environmental challenges such as deforestation, biodiversity loss, unplanned
urbanization and high vulnerability to climate change.
The main sectors receiving funds include renewable energy, sustainable buildings and
infrastructure but also sustainable agriculture as this sector makes a substantial
contribution to the country's GDP. Water and waste management is another key area
supported by green financing mechanisms.
Chile and Brazil leading the way. The latter shows a strong focus on the agricultural and
renewable energy sectors while Chile demonstrates a preference focused on solar and
wind energy.
In addition, Mexico has also been a pioneer in the green bond market of Latin America
given its increasing focus on reducing CO: emissions. FIRA (Fideicomisos Instituidos
en Relacion con la Agricultura) was a significant agricultural development institution

that issued the first Green Bond.

2.2.5 Africa
Regarding Africa, is another important emerging market in a global context that is still
in its infancy but growing steadily. The two driving countries are Johannesburg and
Nigeria with the highest amount of Corporate Green Bonds concerning renewable

energy projects.
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One of the larger non-financial companies in South Africa is Shoprite Holdings (the
main retail supermarket chain) which is actively seeking to raise funds to develop a
more sustainable and environmentally friendly supply chain.

In Nigeria, on the other side, we have Dangote Cement who is a multinational cement
producer with the aims to finance green building and sustainable construction projects
as part of its sustainability ambition.

Even in this emerging market, sectors related to renewable energy, sustainable
infrastructure, agriculture and biodiversity preservation remain of dominant importance

as they benefit from greater funding.

2.3 INTERNATIONAL REPORTING STANDARD AND REGULATIONS
At an international level, the primary and most important source of guidelines for
issuing and reporting on green instruments are the “Green Bond Principles” (GBP),
developed by the International Capital Market Association*® (ICMA) in 2014.
They are designed to provide clear guidelines for issuing Green Bonds, encourage
transparency in reporting and evaluating the impact of the sustainable projects and
promote standardization within the GB market, enhancing investor confidence.
These principles are not binding but they serve as an important benchmark also due to
their significance in the literature. As a result, issuers and investors, based on personal

preferences, can choose whether or not to follow them.

2.3.1 Green Bond Principle
The “Green Bond Principle” regulation are based on four main components which will
be list and analyse below.

The first concept is the use of proceeds: issuers must allocate the proceeds

exclusively to clearly defined environmental objectives. Thus, GBP serve as a

% ICMA is a global trade association that serves the international capital markets. It establishes best

practices, promotes market transparency, and sets guidelines, particularly for sustainable finance,
including Green Bonds fostering an efficient and resilient capital market that supports sustainable
economic growth.
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framework for issuers to align Green Bonds with recognized environmental goals®’,
making it easier for investors to identify sustainable investments.

The second element refers to project evaluation and selection process. Emitters
must, in a transparent way, communicate the criteria and methodologies used to ensure
that the projects remain align with the stated environmental objectives. Specifically,
must be clearly defined: the sustainability objectives associated to the green instrument
and the process by which the project underlying the instrument is identified and
classified as “green”. Finally, any supplementary information regarding potential social
and environmental risks related to the sustainable project itself, must be distinctly
pointed out.

The third related to the management of proceeds. In particular, the net proceeds
from Green Bonds should therefore be credited to a sub-account and appropriately
monitored by the issuer, ensuring periodic adjustments to be always align with the
allocations in the related green instruments. The issuer should also disclose these
adjustments as peculiarity as possible also through the validation of an external auditor
which enhances the credibility and transparency of financial information for
stakeholders.

The last component describes the reporting phase. Issuers must provide regular,
update and detailed information on the use of funds and, where possible, on the
environmental impact generated by the financed projects. The annual report*® should
indeed include a list of plans associated with the financial instrument followed by a
brief description of each. Given that transparency is a key element, the Green Bond
Principles recommend the use of both quantitative and qualitative performance

indicators®® as outlined in the guidelines and reporting model.

37 Green projects categories include renewable energy, energy efficiency, pollution prevention and

control, environmentally sustainable management of living natural resources and land use, terrestrial
and aquatic biodiversity, clean transportation, sustainable water and wastewater management, climate
change adaptation, circular economy, green buildings.

% To build up a solid report, characteristics of sustainability reporting such as accuracy, balance, clarity,

comparability, reliability, stakeholder inclusiveness and timeliness must be respected.

3 Using the definition provided by Investopedia, a Key Performance Indicator (KPI) is “a quantifiable

measurements used to gauge a company’s overall long-term performance. Organizations use KPIs to
track their progress on key business objectives determining a company’s strategic, financial and
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Hence, it can be stated that the objectives and benefits associated with the Green Bond
Principles are those of enhanced transparency and integrity within regulated markets.
Relying on these guidelines, issuers, on one hand, attract investors with sustainable
interests, and, in exchange, the latter receive a tool to evaluate the environmental
compliance of the projects they finance.

These principles have also been established to mitigate the misleading practice of
Greenwashing.

Over time, these fundamental principles have been refined and enhanced to align with
the continuous evolving panorama of green instruments.

New updates primarily concern the integration of social and governance measures in
addition to the established environmental dimension: this resulted in the constitution of
a comprehensive and fully developed "ESG dimension”.

Additionally, significant progress has been made toward aligning these principles with
the goals of the Paris Agreement and the United Nations Sustainable Development
Goals*® (SDGs); lastly, the guidance on impact measurement and reporting

methodologies was implemented.

2.3.2 The green legislation of the major foreign countries
Starting from the Chinese mainland, the “China Green Bond Endorsed Project
Catalogue” has been developed by the People's Bank of China in collaboration with
other financial regulatory agencies. This document delineates all the types of projects
recognized as sustainable, placing significant importance on initiatives related to carbon

reduction and water management.

operational achievements. They can also be used to judge progress or achievements against a set of
benchmarks or past performance”.

40 The Sustainable Development Goals (SDGs) are a set of 17 interconnected global goals established
by the United Nations in 2015 as part of the 2030 Agenda for Sustainable Development. SDGs goals
are: 1) No Poverty, 2) Zero Hunger, 3) Good Health and Well-being, 4) Quality Education, 5) Gender
Equality, 6) Clean Water and Sanitation, 7) Affordable and Clean Energy, 8) Decent Work and
Economic Growth, 9) Industry, Innovation, and Infrastructure, 10) Reduced Inequality, 11)
Sustainable Cities and Communities, 12) Responsible Consumption and Production, 13) Climate
Action, 14) Life Below Water, 15) Life on Land, 16) Peace, Justice, and Strong Institutions and 17)
Partnerships for the Goals.
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Japan, in contrast, released its “Green Bond Guidelines” in 2017 through the Ministry of
the Environment, with subsequent updates. Japanese guidelines are based on the Green
Bond Principles established by the ICMA and are designed to promote the issuance of
sustainable tools while ensuring flexibility and facilitating compliance also for small
and medium-sized firms. Guidelines stress several key areas like the transparency in the
use of proceeds, specific reporting requirements and recommendations for external

audits.

Countries such as Brazil, Mexico and Chile have experienced significant growth in the
Latin America context due to their increasing commitments to sustainable finance
however, a unified and well-defined regulatory framework remains absent.

Both public and private issuers typically follow the Green Bond Principles or to the
Climate Bonds Standard again. Projects concerning renewable energy and sustainable

agriculture are financed by banks and other regional financial institutions.

Turning to another continent, United States lacks a unified national regulatory
framework for green bonds in fact they rely heavily on the GBP and the Climate Bonds
Standards*' created by the Climate Bonds Initiative** (CBI).

The member states of the Association of Southeast Asian Nations* have established the
“ASEAN Green Bond Standards”, which are based on the Green Bond Principles but

include requirements tailored to the region.

4 The Climate Bond Standard (CBS) is a certification system for bonds and other sustainable
instruments developed by the Climate Bonds Initiative.

42 The Climate Bonds Initiative (CBI) is an international, investor-focused nonprofit organization

dedicated to mobilizing the global capital markets to address climate change. Founded in 2009, the
organization's primary role is to develop standards, certification and frameworks that ensure
transparency, accountability and environmental integrity in the green bond market, helping investors
identify credible, climate-aligned investments.

4 The Association of Southeast Asian Nations (ASEAN) is a regional organization founded in 1967,

with the goal of promoting political and economic cooperation and regional stability among its
members which are: Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, the Philippines,
Singapore, Thailand, and Vietnam.
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Introduced in 2017, this standard explicitly prohibits the financing of fossil fuel-related
activities and is aligned with objectives related to climate change mitigation and
sustainable development. Additionally, it mandates external reporting and verification

to ensure compliance and transparency.

2.4 EUROPEAN REPORTING STANDARDS AND REGULATIONS

In recent years, the European Union has taken significant measures and decisive steps to
facilitate the transition to a sustainable economy by establishing a comprehensive
legislative framework designed to regulate and promote the development and the
adoption of Green Bonds.

These financial instruments are, in fact, a crucial component of the today’s sustainable
finance, in line with the objectives of the European Green Deal and the commitment to
achieve climate neutrality by 2050.

However, to ensure their effective operative, the European Union has developed a set of
well-defined legislative principles that regulate their issuance, functioning and

reporting. The most pertinent are outlined below.

2.4.1 Non-Financial Reporting Directive (NFRD)

Introduced in 2014 through the 2014/95/EU European Union Directive, NFRD
representing the first substantial step toward establishing a regulatory framework that
requires companies to disclose information concerning their sustainable activities,
fostering transparency.

As a result, the just cited legislation affects large public interest entities in the EU with
over 500 employees, including listed companies, banks and insurance firms.
Additionally, it applies to companies with a total balance sheet exceeding 20 million or

net revenues over 40 million.

To facilitate disclosure, the NFRD offers flexibility to its users, allowing them to select

the appropriate standard in order to build up their own reports. Relevant established
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standards are, for example, the Global Reporting Initiative** (GRI) and Sustainability
Accounting Standard Board® (SASB).

Supported by those standards, companies must adhere to specific “reporting
requirements” that mandate the disclosure of various key aspects such as information on
environmental impact, social responsibility, employee-related matters, human rights and

measures against corruption and bribery.

While the NFRD was a step toward responsible business practices, several limitations
became evident, for example lack of standardization leading to inconsistent data that
was difficult to compare due to the high discretion left to companies.

Other problems relate to data quality and relevance because not all organisations
provided detailed or relevant numerical information. In the end, only large PIEs*® were
subject to reporting requirements, leaving many small and medium-sized enterprises

(SMEYs) and private companies out of scope.

2.4.2 Sustainable Finance Disclosure Regulation (SFDR)
The Sustainable Finance Disclosure Regulation (SFDR) is a key European regulatory
framework that came into force in March 2021 to increase transparency (adopting
standardize sustainability publications), prevent Greenwashing (by mandating clear
disclosures) and reallocating capital flows towards sustainable investments.
SFDR requires financial products to be categorized based on the level of sustainability

integration, indeed we have different grades which are explained below.

44 The Global Reporting Initiative (known as GRI), founded in 1997, is an international independent
standards organization that helps businesses, governments and other organizations understand and
communicate their impacts on issues such as climate change, human rights and corruption.

4 The SASB (Sustainability Accounting Standards Board) is an independent, non-profit organization

that develops and maintains industry-specific sustainability accounting standards. Its primary mission
is to support companies in disclosing financially material sustainability information to investors. To
do this, SASB developed its framework (in 2011) which includes 77 industry-specific standards
covering 11 sectors, which provide clear metrics for companies to report on these financially material
ESG issues.

4 Considering the definition of PIE provided by the European Union, Public Interest Entities are:

“companies with a significant public interest because of their size, number of employees, corporate
status or the nature of their business, including banks, insurance firms and listed companies”.
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Article 6 products “do not active promote ESG characteristics nor possess
specific sustainability objectives” (e.g. Traditional Mutual Funds). They are required to
disclose any sustainability risks; however, they are not held to the stricter requirements
applied to Article 8 and Article 9.

Article 8 products, referred to as “Light Green” that promotes environmental or
social characteristics, although their investments are not required to be exclusively
sustainable (e.g. Sustainable Equity Fund).

Article 9 products, known as “Dark Green” are considered the most sustainable
under the Sustainable Finance Disclosure Regulation, with a primary and sole objective

of making sustainable investments (e.g. Green Bonds or Impact Investment Funds).

The new SFDR Delegated Regulation requires that financial market participants and
financial advisers to publish a Principal Adverse Impact (PAI) statement on their
website and describe it in the pre-contractual information to ensure that investors and
stakeholders are adequately informed.

In order to clarify the concept, we use the definition provided by Deloitte which states:
“a Principal Adverse Impact (PAI) is any impact of investment decisions or advice that
results in a negative effect on sustainability factors, such as environmental, social and
employee concerns, respect for human rights, anti-corruption and anti-bribery matters”.
So, addressing PAIs can also improve communication and engagement with
stakeholders (including local communities, NGOs and regulators) fostering their trust
and collaboration.

The overall objective is also to integrate this idea with other ESG reporting systems
utilised within the financial sector keeping up with new business strategies and
practices.

This is why, in 2023, a “Level 2” implementation was introduced to ensure more

detailed disclosures regarding how sustainability risks are managed.
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2.4.3 Eu Taxonomy
The EU Taxonomy was introduced by the European Commission's action plan on
sustainable finance, through Regulation (EU) 2020/852, which was published in June
2020. In 2021, an important document called “Delegated Act*™ was issued, detailing
the Technical Screening Criteria*® for evaluating economic activities in accordance with
sustainable objectives.

The taxonomy did not officially come into effect until 2022.

This brief timeline provided aim to illustrate how this directive was intended to be
implemented and updated in several stages (for further information the reader can refer
to “Consequences of sustainability reporting mandates: evidence from the EU taxonomy
regulation” by Hummel K. and Bauernhofer K.).

The fundamental feature to underline is that the regulation refers in particularly to single
economic activity, not referring to the entire legal entity, adopting a more granular
approach. So, the objective is to define a set of unambiguous criteria to determine
whether an economic activity can be considered as “environmentally sustainable”.

The scope of regulation instead provisions directly concern all companies subject to the

obligation to draw up the Non-Financial Statement® (NFYS).

“Article 3” is viewed as the most important step of the Regulation as it outlines the
three main criteria (mentioned subsequently) for determining whether an economic
activity qualifies as environmentally sustainable.

First, the “substantiality” criteria requires that the activity contribute to one or

more of the six objectives specified in Article 9 of this Regulation.

47 Under Article 290 of the Treaty on the Functioning of the European Union, delegated acts are non-

legislative acts adopted by the European Commission that serve to amend or supplement the non-
essential elements of the legislation.

48 Each economic activity has specific criteria that must be met to demonstrate substantial contribution

to one or more of the environmental objectives. These criteria are detailed in the delegated acts
providing clear guidelines for each sector and activity.

4 A non-financial statement, also known as a non-financial report or non-financial disclosure, provides

information about an organization's performance, practices, and impacts that are not captured in
traditional financial statements.
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Second the “do not significant harm” criterion mandates that the activity must
not significantly harm any of the other objectives.
Third, the "minimum safeguards” principle requires that activities comply with

applicable environmental and social regulations.

When an economic activity jointly meets all the criteria mentioned, it can be considered

as environmentally sustainable or “taxonomy aligned”.

The EU Taxonomy focuses on six main environmental objectives defined in Art. 9:

1. Climate change mitigation (stabilization of ghg concentration).

2. Climate change adaptation (prevention and/or reduction of the negative climate
change effects).

3. Sustainable use and protection of water and marine resources (attainment of a
favourable status for water bodies or the prevention of their degradation).

4. Transition to a circular economy (waste prevention and recycling).

5. Pollution prevention and reduction (control of pollutant emissions into the
environment).

6. Protection and restoration of biodiversity and ecosystems (protect, conserve or

restore biodiversity).

For these environmental objectives, several delegated acts have been issued that outline
technical screening criteria™.
Furthermore, to support an effective transition towards an environmentally sustainable

economic system, each of these objectives should be pursued in a synergistic manner.

%0 The Technical Screening Criteria (TSC) under the EU Taxonomy establish the parameters for
identifying economic activities that meet environmental sustainability standards. They function as a
benchmark to evaluate an activity's alignment with the EU-defined environmental goals.
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2.4.4 Corporate Sustainability Reporting Directive (CSRD)
On 5 January 2023, the Corporate Sustainability Reporting Directive (CSRD) entered
into force. It modernises and strengthens the rules concerning the social and
environmental information that companies have to report (European Commision).
The legislation broadens the reporting scope: now it applies to all large companies with
over 250 employees or 40€ million in turnover and to all companies listed on EU-
regulated markets (except certain micro-enterprises).
Furthermore, the directive raises the standard for non-financial reporting by mandating
compliance with the new European Sustainability Reporting Standards®® (ESRS)
developed by the European Financial Reporting Advisory Group®* (EFRAG) designed
to ensure additional uniform, comparable and detailed disclosures across all sectors.
A more stringent verification process is also introduced, requiring external assurance of
the information provided and makes the publication of reports in digital format
(ESEF>®) mandatory in order to guarantee data consultation more easily accessible for

all stakeholders.

An important introduction concerns the concept of “double materiality”.
To clarify, it is necessary to first understand “materiality”: a company is required to

disclose information on a specific sustainability matter only if it is considered material

" The European Sustainability Reporting Standards (ESRS) provide a framework for companies to
report on environmental, social and governance (ESG) topics. The 12 standards must be reported
against by all companies subject to the Corporate Sustainability Reporting Directive (CSRD). They
specify the information that an organisation must disclose about its material impacts, risks and
opportunities as they relate to sustainability topics. The ESRS were adopted as a delegated act by the
European Commission in July 2023.

2. EFRAG — European Financial Reporting Advisory Group — is a private association established in

2001 with the encouragement of the European Commission to serve the public interest. Its mission is
developing and promoting European views in the field of financial reporting and ensuring these
views are properly considered in the IASB standard-setting process and in related international
debates. EFRAG ultimately provides advice to the European Commission.

53 The European Single Electronic Format (ESEF) is the electronic reporting format in which issuers

whose securities are admitted to trading on EU regulated markets must prepare their annual financial
reports to facilitate accessibility, analysis and comparability of annual financial reports. ESMA
develops the regulatory technical standards (RTS) which specify this electronic reporting format as
well as guidance and implementing tools.
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(meaning it is significant, relevant). On the other hand, if the latter is not considered
material, the firm may omit it from disclosure to reduce the total effort of reporting.
Hence, we need to consider both kinds of materiality.

The first, an active dimension, is the impact materiality which addresses sustainability
matters influenced by the company (an inside-out perspective).

The second, a passive dimension, is the financial materiality which focuses on

sustainability matters that impact the company (an outside-in perspective).

The double materiality assessment is considered as the core of the CSRD legislation.
Based on this, companies can in fact better align their strategies with both business and
societal expectations ensuring a comprehensive, transparent and responsible ESG
reporting.

A summary of typical steps is now presented based on “Unpacking the Double
Materiality Assessment Under the E.U. Corporate Sustainability Reporting Directive”
by Deloitte.

The first step involves identifying relevant topics. The company begins by
defining potential sustainable and ESG issues, drawing up a comprehensive list that
takes into account several factors such as industry specifics, regulatory requirements,
stakeholder interests and potential risks.

The next step is the stakeholder engagement. Through surveys, interviews and
consultations, the company collects insights from stakeholders (these include investors,
employees, customers, suppliers and local community). This input is essential to
understand which topics are significant both from a financial and an impact perspective.

Following this, the assessment of financial and impact materiality is carried out,
placing the company in a critical manner with respect to these two perspectives.

The firm then proceeds to prioritize material topics. After gathering insights
from the impact and financial materiality, the company ranks issues according to their
relevance focusing on those deemed most significant.

Finally, we find the reporting and communication step. The results of the double

materiality assessment are disclosed in the sustainability report and, in addition,
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financial communications providing a transparent overview of how the company

addresses its main issues.

2.4.5 The European Green Bond Standard (EUGBS)
The most recent directive introduced by the European Parliament, at the end of 2023, is
the European Green Bond Standard.
The European Commission defines this new notion as follow: “the EUGBS is intended
to be a voluntary “gold standard” for Green Bonds. Use of the standard would allow
companies and public bodies to more easily raise large-scale financing for climate and
environmentally-friendly investments, while protecting investors from greenwashing.
In addition, the standard will use the detailed definitions of green economic activities in
the EU Taxonomy to define what is considered a green investment.”
To summarise, the primary objectives of this new regulation are to enhance
transparency, integrity, consistency and investor confidence within the green bond
market, thereby supporting the EU’s climate and environmental goals.
Currently, the EUGBS, along with the EU Taxonomy and the Corporate Sustainability
Reporting Directive, forms a core part of the EU's comprehensive regulatory framework

for sustainable finance.

Based on the fext™* issued by the European Commission, the following are some key
provisions of this legislation which aims to set "gold standards" for Green Bonds.

The European Green Bond Standard is a voluntary framework, meaning that
issuers are not required to apply it but may choose to do in order to be aligned with EU
classifications.

To be classified as “EUGB”, 100% of the bond’s proceeds must finance projects
that comply with the EU Taxonomy for sustainable activities. These plans must follow
specific requirements, demonstrating their contribution to the EU’s environmental

objectives.

54 For further insights, you can refer to the "Questions and Answers: European Green Bonds Regulation”
published by the European Commission. The document is available at the following link:
https://ec.europa.eu/commission/presscorner/detail/en/qanda_21 3406
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All Green Bonds issued under this new Standard require verification by an
accredited external reviewer. The latter evaluate the bond's alignment with the EU
Taxonomy before issuance and continue to monitor its compliance during the entire
duration of the project, thus enhancing transparency and accountability.

An additional requirement is the mandatory reporting. Issuers who use the
“EUGBS label” must provide annual reports detailing the allocation of bond proceeds
and the environmental impact of the backed projects. This reporting must comply with
prescribed guidelines offering to investors clear and reliable information about the

environmental benefits of their investments.

The European Green Bond future objectives include promoting an increase in Green
Bond issuance, encouraging more organizations to participate in the issuances of these
instruments, thereby expanding the overall supply of green financial products and
simultaneously strengthening investor confidence.

Another aim is to reduce borrowing costs, as issuers may benefit from lower financing
expenses when utilizing the EUGBS label.

Ultimately, the promotion of the EUGBS standard has the potential to establish a

benchmark that other regions might adopt, fostering a globally consistent approach.

2.5 CHALLENGES AND LIMITATIONS OF CORPORATE GB
Corporate Green Bonds are nowadays considered to be the most important financial
instruments to fight climate change troubles and foster the transition towards a more
sustainable business.
However, as they are relatively recent tools, they present many limitations and
challenges that can undermine their effectiveness and credibility. It is therefore
inevitable to consider in this paper the boundaries and obstacles that characterise these

types of financial instruments.

As an initial point of analysis, it is appropriate to address the issue of
Greenwashing, widely considered as the principal worry associated with Green Bonds

issued by private corporations. The latter, frequently utilize such device to enhance their
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public image and reputation among stakeholders without an authentically commitment
to the environmental projects financed through their bond issuances.

This is due to a lack of transparency in funds allocation: some companies in fact do not
systematically provide timely updates on the progress complicating the efforts to
accurately assess the actual development of the sustainable project underlying the bond.

Another limitation is the absence of standardization, both at global and regional
levels, as uniform evaluation standards have not yet been developed. Additionally, not
all countries implement consistent regulations making it challenging for investors to
compare different green financial instruments in terms of risk and quality.

Other disadvantage lies in the high costs and complexities associated with the
certification process. Issuing a Green Bond requires external validation which means
substantial expenses that demoralises small and medium-sized enterprises from utilizing
these kinds of instruments. Additionally, the verification procedure is complex, often
onerous and time-consuming, requiring issuers to invest considerable efforts in
maintaining specific quality standards.

The assessment of risk is another critical aspect that should not be
underestimated. Projects financed by Green Bonds often rely on emerging technologies
or non-established infrastructures, which may turn these investments more unstable in
the eyes of investors. Furthermore, green proposals tend to be concentrated in a limited
number of sectors as not all industries investing in Green Bonds: his indeed leads to a

slowdown in the pathway toward the economic transition.

2.5.1 Some potential solutions
To address the current limitations of Green Bonds and to improve their capability,

several amendments are essential. Here are some potential approaches.

A significant step forward would, beyond any doubt, be the adoption of unified global
regulatory standards at an international level, aimed at reducing dramatically the issue
of legislative fragmentation.

To mitigate the phenomenon of Greenwashing stricter transparency requirements should

be implemented, including more detailed and frequent reporting (even endorsed by third
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parties). Additionally, it would be appropriate to impose administrative or punitive
sanctions on companies that fail to comply with the standards set by the law.

Regarding the challenge of high costs associated with the monitoring and certification
of Green Bonds, one potential solution is to introduce public incentives (such as
subsidies, tax credits or tax reductions) to encourage also small companies to adopt
green tools. An idea is to establish dedicated crowdfunding platforms>® which could
expand the pool of investors and, at the same time, reducing administrative costs and
reform legal procedures.

Another issue concerns the limited demand from investors, who are generally unwilling
to invest in Green Bonds. This reluctance arises from the perception of lower returns
(with respect to Conventional Bond) or from a lack of consideration for the positive
environmental benefits as part of their investment strategy.

Therefore, educating and raising awareness among investors on the advantages of green
financial instruments is an essential step in promoting the adoption of these tools that

provide support for ESG policies.

% Crowdfunding is a way of raising money to finance projects and businesses. It enables fundraisers to

collect money from a large number of people via online platforms. It is an innovative way of sourcing
funding for new projects, businesses or ideas but you can also gain useful market insights and access
to new customers.
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CHAPTER III: LITERATURE REVIEW

In the first two sections of this paper, we have examined the primary characteristics of
Green Bonds identifying their major markets, different types of issuers, transaction
volumes, use of proceeds and other relevant aspects.

To facilitate a deeper understanding of the following chapters, which are entirely
dedicated to analysing the green premium through empirical regression, this section
focuses on refining the definition of “Greenium” examining also its dependence on both
economic and non-economic factors (the so-called drivers’®) based on existing

academic studies and research.

3.1 DIFFERENT MEANINGS OF “GREENIUM”

We will now proceed to explore in greater depth the central aim of this study, which is
specifically to determine the presence of a "Greenium" associated with Corporate Green
Bonds.

The traditional dictionary definition illustrates "Greenium" as a hybrid term that
combined the words "green" and "premium." 1t is used to describe a phenomenon in the
financial markets whereby securities linked to environmental sustainability are trade at
higher prices (and consequently offer lower yields) compared to similar conventional
financial instrument issued by the same issuer.

This price and yield disparity represents a form of “green premium” associated to Green

Bonds.

This term, recently introduced into the financial and economic context, can assume
various meanings, all of which remain consistent within the broader framework of the
global literature. Here are reported some of the various academic definitions founded.

Greenium can be interpreted as a reduced yield on Green Bonds. It refers to the yield
differential between a Green Bond and a comparable Non-Green Bond, characterized by
similar risk and duration profiles. Investors are willing to accept a lower yield to

prioritize sustainable investments. (Baker et al, 2018)

% Drivers are considered as factors or forces that influence or cause change in something, shaping its

outcomes or direction.
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Another version refers to stakeholders’ preference for sustainability. Specifically,
Greenium can be viewed as an outcome of investors preferences for green matters, so
they are willing to sacrifice a portion of net returns in favour of instruments that finance
environmentally sustainable projects. (Zerbib, 2019)

The Green Premium can also be understood as a strong market signal. This reflects
investors' commitment to shift towards a more sustainable economy, demonstrating a
willingness to pay a premium in support of ESG initiatives. (Flammer, 2021)

A persuasive view categorizes Greenium as a reduced risk factor in Green Bonds. This
is because they are frequently issued by Government Entities or companies with robust
sustainability initiatives, making the lower yield justifiable due to a perceived greater
stability and lower risk. (Karpf and Mandel, 2018)

The green premium can also be regarded as an integral component of the issuance cost

associated with green financial instruments. (Karpf and Mandel, 2018)

The concept of Greenium has gained significant attention in recent years as investors,
corporations and governments increasingly prioritize sustainability.

Since the development and introduction of these sustainable instruments in the financial
sector (beginning in 2014), their presence has become increasingly established and
expansive, leading to the present day where these types of tools are closely tied to
sustainability field.

Over this extensive period, many scholars have examined Green Bonds in a
comprehensive manner, generating lots of academic studies that investigate their

peculiar characteristics and implications.

The literature relevant to our review primarily focus on subtopics related to the core
concept of the "green premium", aiming both to contextualize this phenomenon more
accurately and to explore the origins of its existence, as well as the various factors that

affect the calculation of the Greenium.
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3.1.1 The existence of green premium
Many of the available studies referenced in this chapter, which focus on identifying the
Greenium effect, have conclusively demonstrated its presence justifying the higher price
for Green Bonds compared to their non-green counterparts and the corresponding lower
returns that defines green instruments.
This phenomenon, referred to as a "positive Greenium", reflects a situation subscribed
by investors, particularly those with ESG mandates, who are willing to accept reduced
yields in exchange for positive environmental benefits. Conversely, traditional investors
may be less inclined to forgo competitive returns purely in the interest of sustainability
(Larcker D.F. and Watts E.M., 2020).
Also, the research conducted by Flammer (2021) affirms a stronger Greenium evidence
confirming that Green Bonds are often issued with lower yields than conventional
bonds (from the same issuer); both in the primary and secondary bonds market (Loffler
K. etal, 2021).
More specifically, the previous evidence is confirmed by the study of Zerbib (2019) that
empirically identified a small but statistically significant negative premium of
approximately -2 basis point®’ and around 3 bps when considering the study of
Grishunin et al. (2023).
Baker et al. (2018), on the other side, has argued that there is “no significant Greenium”
in fact Green Bonds perform similarly to non-green ones over time and both in terms of
price and yield: this suggests that the green premium does not necessarily come at the
cost of inferior financial returns.
In some cases, a “negative Greenium” exists due to market mispricing. Based on this
scenario, Green Bonds offers higher yields than conventional ones. This could happen
due to the overvaluation of the "green label” or because an investor overemphasis on
sustainability with respect to financial performance and risks (Pietsch and Salakhova,

2022).

57 A basis point (BPS) is a unit of measure used to indicate percentage changes in financial instruments,

making it possible to communicate small variations in financial variables. One basis point is equal to
1/100" or 1% (0.01). Considering the context of the text, a -2 bps differential implies that Green
Bonds yield 0.02% less compared to their conventional counterparts.
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3.2 DIFFERENT DRIVERS OF GREENIUM
Several economic and non-economic factors, commonly referred to as "drivers", impact
directly the value of the Greenium. These driving force determine the premium that
investors are prepared to pay for Green Bonds capturing both market power and broader

sustainability trends.

A summary list is now presented outlining the primary variables that influence the value
of the green premium. These factors include:

e Investor demand and preferences

e Regulatory and policy support

e Market liquidity and maturity

e Developed and emerging markets

e Issuer characteristics

¢ Financial performance and risk-return trade off

e Market development

A complete understanding of these properties is crucial for analysing fluctuations in the
Greenium values across different economic environments, each with its own unique
characteristics.

For this reason, al the mentioned variables will be analysed in a distinctive manner

below, taking into account the availability of formal studies.

3.2.1 Investors’ demand and preferences
One key driver for the Greenium is the growing investor preferences for sustainable
investments.
Investors who prioritize ESG criteria are willing to accept lower yields for green assets,
as these sustainable instruments fit their social responsibility goals contributing to
environmentally and socially responsible progress and climate change mitigation.
(Bhattacharya, 2021). However, not all investors are willing to accept lower yields for

environmental reasons, which leads to inconsistent pricing behaviour (J.P. Morgan).
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The study made by Elettra and Rossella Agliardi (2021) emphasizes that the rising
demand for sustainable investments, alongside investor preferences for ESG factors
(particularly among institutional capitalis® like pension funds and insurance
companies) plays a critical role in sustaining the Greenium. Stakeholders are
increasingly integrated Green Bonds into their portfolios, particularly in markets where
demand for green investments is high, which drives up bond prices and lowers yields.
Zerbib (2019) underlines, once again, how the variations in demand for green
investments influence the yield difference confirming the fact that lower demand
sometimes leading to higher yield. This “extra charge” reflects both the limited supply
of Green Bonds and their increasing appeal. (Fandella and Cociancich, 2024)

However, as the green bond market expands, Baker et al. (2018) suggest that the

Greenium may gradually diminish.

3.2.2 Regulatory and policy support
The concept of Greenium is also strongly influenced by policies and regulations
structures that guide and incentivise sustainable and environmentally friendly activities
through tax incentives, subsidies for environmentally sustainable projects and
requirements for climate-related disclosures.
Several studies like the one of Zerbib (2019), highlights that Green Bonds benefit from
regulatory support which consequently boosts investors’ confidence and demand.
Therefore, as regulations around environmental disclosures and climate change become
stricter, the issuance of Green Bonds automatically increase, further driving the
Greenium.
In addition, Bachelet et al. (2020) emphasize the key role of regulation and policy
support in enhancing the attractiveness of green assets, thus potentially leading to a
premium. However, they accentuate the importance of standardization and certification
of Green Bond to ensure that the proceeds are used effectively for environmental

purposes.

% Institutional investors are entities that pool money to invest in various financial assets on behalf of

their members or stakeholders. They typically manage large sums of money, allowing them to access
diverse investment opportunities and negotiate better terms compared to individual investors.
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In this regard, Baker et al. (2018) support that the lack of standardized definitions and
certification for green projects has created some uncertainty in the market. There are
indeed concerns about Greenwashing where issuers may label bonds as green without
substantial environmental benefits. More transparency should be guaranteed limiting the
risk of Greenwashing and failed investments, contributing to making the Greenium a

stable and predictable component in the sustainable financial market.

3.2.3 Market liquidity and maturity
Market liquidity and market maturity have a significant impact verified by several
important studies.
The investigation conducted by Zerbib (2019) is considered one of the most relevant
works in which emphasizes the difference in market liquidity between green and
conventional bonds (as an independent variable) to explain the yield spread. The
research demonstrated that the "Greenium" is more pronounced in less liquid bond
markets due to excess demand relative to supply. This disequilibrium drives up prices
and consequently lowering yields resulting in a more significant green premium.
In this regard, Fandella and Cociancich (2024), employed various methodologies to
highlight the Greenium. When liquidity effects were controlled using the matching
method>®, a premium of -15.89 basis points was observed. Additionally, the fixed-effect
regression® which further accounted for liquidity, revealed a premium of -17.15 basis
points.
The same thesis is presented in the study conducted by Peters et al. (2024) in which it is
analysed green financial instruments (particularly in early-stage markets) that may face
potential liquidity challenges affecting their pricing. They argue that, when liquidity is
low, the value of the Greenium may become distorted potentially resulting in an inflated

premium.

5% The "matching method" is a technique used in research or data analysis where similar items, groups,

or individuals are paired together based on specific characteristics or criteria. This method is often
used to compare outcomes between groups band so it's commonly used in experiments to control for
variables that could affect the results.

0 In statistics, a fixed effects model is a statistical model in which the model parameters are fixed or

non-random quantities. This is in contrast to random effects models and mixed models in which all or
some of the model parameters are random variables.
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Unlike the previous reports, Grishunin et al. (2023) found that Green Bonds with lower
market liquidity might show higher yields because they are less attractive for quick

trading: an important feature for some investors.

Market maturity is another important factor: as the green bond market matures, the
Greenium may become more stable. An expanding base of investors prioritizing ESG
investments contributes to keeping green premium static by establishing higher demand
for Green Bonds. (Alves, Lopes and Pinto, 2023)

Ultimately, evidence suggests that in most practical scenarios, the Greenium diminishes
as the market matures and liquidity improves. Nevertheless, as the issuance of
sustainable tools increases, the supply-demand dynamics are likely to stabilize thereby
reducing the premium. (Harrison and Muething, 2020)

Supporting the assumption presented above is also the investigation conducted by
Grishunin and Bukreeva (2022), which reaches similar conclusions and thereby

strengthens the validity of the empirical law.

3.2.4 Developed and emerging markets
Another relevant driver is the type of market; specifically, the situation changes
depending on whether we refer to a developed market or an emerging market.
The most comprehensive study on this topic was developed by Pereira et al. (2020) in
which they compared the pricing of Green Bonds between the United State, Europe and
other emerging realities.
The study proved that Greenium is more significant in the developed markets (like the
European one) where is present both strong regulatory support and high demand for
sustainable investments. On the other hand, in the emerging markets the green premium
is weaker or even non-existent: this is attributed to the lack of well-developed ESG
frameworks, inadequate regulatory incentives and a smaller pool of green investors.
As aresult, Green Bonds traded in these regions do not experience the same premium as
in Europe or the U.S.
In this regard, Elettra and Rossella Agliardi (2021) highlight the difference in green

premium between European and United States bonds. Specifically, negative premiums
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are observed: EUR bonds showing a Greenium of -2 basis points and USD bonds (with
sub-A AA ratings) exhibiting instead levels ranging from -5 to -9 basis points.

For instance, in markets with stronger regulatory frameworks and with a more
developed and established industry, the Greenium results more pronounced.

In contrast, in the emerging markets, the pricing effect may be weaker due to less

investor confidence and regulatory transparency (Peters et al, 2024).

3.2.5 Issuer characteristics
Pereira et al. (2020) state that the type of issuer significantly influences the premium
associated with Green Bonds confirming the presence of a certain degree of
dependency.
The statement is confirmed also by Harrison and Muething (2020): even though there is
evidence that Green Bonds sometimes are trade at a premium, they affirm that this is
not consistent across all issuers (or regions).
Government issuers or large multinational corporations with strong ESG track records,
tend to issue sustainable instruments with a more significant Greenium due to the
perceived lower risk and credibility in their environmental claims.
So, larger and well-established issuers, placed particularly in developed areas, tend to
put into the market green tools with a more substantial premium. (Zerbib, 2019)
Once again, Harrison and Muething (2020) claim that, factors such as the type of issuer
and the size of the obligation play a significant role. As a result, for example, smaller
Green Bonds®' or those of less frequent issuers may yield higher returns, possibly due to
liquidity constraints or perceived higher risks.
Another important consideration highlighted in the study of Grishunin and Bukreeva
(2022) pertains to the industry in which the issuers operate. Specifically, sectors with
high environmental impacts (for example, energy and utilities), exhibit diverse yield
behaviours influenced by market demand for sustainability.
Also Elettra and Rossella Agliardi (2021) confirm the previous statement: they identify

environmental risk as a significant factor influencing the Greenium. Their model

¢ In the study under consideration, "small-scale" Green Bonds are generally characterized by an

issuance size below 50 million dollars. This is often considered a benchmark compared to the average
global issuance of Green Bonds, which typically exceeds 100—200 million dollars.

58



suggests that firms with higher environmental risks (such as carbon-intensive
companies) face more considerable benefits from issuing Green Bonds, as it may help

improve their environmental profile and attract sustainability-focused investors.

Connected to the previous theory, the issuer's reputation and quality are considered
both as critical factors. Green Bond issued by well-established entities tend to have a
more noticeable Greenium as investors trust their commitment to sustainability (Karpf
and Mandel, 2018). In addition, Flammer (2021) and Dutordoir et al. (2024) suggest
that issuing Green Bonds has both financial and reputational benefits for firms,
attracting a green premium.

Zerbib (2019), in his study, notes that the Greenium can act as an incentive for issuers
to emit Green Bonds: the pricing advantage makes green financial instruments attractive
for investors, even if the yield is lower than that of conventional.

Backer et al. (2018) confirm and include the declaration that the green premium is more
pronounced in high-rated (investment grade) bonds issued by well-established
companies with high ESG rating. On the other hand, lower-quality issuers may not
experience the same premium due to higher perceived risks.

The study also highlights the significance of Green Bond credibility, including aspects
such as certification by third-party organizations and the adherence to established Green
Standards, which play a crucial role in pricing sustainable tolls. On this matter, the
study accentuates that the green premium is significantly higher for bonds certified by
third-party entities (Backer et al., 2018).

Their investigation demonstrates that the average premium for green instruments is
approximately 6 basis points; however, it can increase up to threefold, reaching 18 bps
when considering Green Bonds with external certification.

Linked to the previous topic, Elettra and Rossella Agliardi (2021) find that credit risk,
along with other firm-specific characteristics such as financial stability and credit
ratings, affects significantly the Greenium variability. They conclude stating that, a
higher credit risk leads to a reduced green premium, as investors may still prioritize
financial stability even in green investments: a situation with high credit risk and a high

green premium would not be useful for investors.
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3.2.6 Financial performance and risk-return
Bhattacharya (2021) examines the performance of Green Bonds in comparison to
traditional, focusing on the financial implications for investors. They found that, while
investors may pay a premium for Green Bonds, the financial performance (in terms of
returns) is often comparable or even superior to non-green bonds over time, especially
considering the long-term environmental benefits.
Despite the possibly lower yield, there is no significant difference in the overall risk or
potential returns of Green Bonds compared to conventional ones: this suggests that the
Greenium does not necessarily come at the cost of inferior financial returns.
Peters et al. (2024) examine how the supply of Green Bonds affects the financial
performance of the issuers. The study highlights that the issuance of green instruments
does not seem to significantly increase the cost of capital for the issuers, as the green
premium offsets any potential costs associated with issuing Green Bonds.
The Greenium could lead to lower financing costs for environmentally responsible
projects, encouraging more issuers to enter the Green Bond market. (Fandella and
Cociancich, 2024)
Associated to the financial impact of these instruments, Flammer (2021) found that,
companies issuing Green Bonds tend to see a positive stock market reaction, indicating
investor confidence in green financing and potential positive financial impacts from
aligning with environmental goals. This topic is further validated by Sangiorgi and
Schopohl (2023). They argue that, while the Greenium is a factor (which represents a
financial gains) that plays an important role, issuers are frequently driven by broader
objectives when issuing Green Bonds such as corporate environmental responsibility,
meeting investor demand for sustainable finance and aligning with regulatory trends. In
terms of performance, sustainable instruments perform similarly to non-green bonds
over time, both in terms of price and yield.
The report written by Baker et al. (2018) also focus on the risk-return trade off
demonstrating that Green Bonds are not inherently riskier than traditional bonds,
meaning the environmental characteristics do not contribute to greater volatility or
underperformance. In addition, Ehlers and Packer (2017), suggest that Green Bonds do

not necessarily offer a hedge against environmental financial risks.
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Bhattacharya (2021) remind again that investors can benefit from including Green
Bonds in their portfolios, as these instruments not only meet their sustainability goals,
but also offer competitive financial performance.

Grishunin and Bukreeva (2022), based on the yield spreads of the Green Bonds in the
European continent, they confirm that, despite lower yields, sustainable finance
instruments offer competitive and well-balanced risk-adjusted returns due to their
alignment with long-term environmental and social objectives.

It was also known how green tools sometimes exhibit higher yields and this situation
indicates that they may be priced with a discount rather than a premium in restricted
cases. Issuers, in fact, might sometimes be motivated to issue financial instruments at
slightly higher yields in order to attract a broader investor base, especially if they are
less established in the green market or if the environmental impact of their projects is

hard to verify.

3.2.7 Market development
Market development also impacts Greenium trends: as the Green Bond market expands
the green premium may likewise evolve in parallel.
This circumstance is partly due to the entry of new participants so the Greenium could
lead to lower financing costs. In markets with higher demand for green investments, the
yield differential is wider, as more investors are willing to pay a premium for green
assets. This premium reflects both the scarcity of Green Bonds and their impulsive
growing popularity (Fandella and Cociancich, 2024).
Karpf and Mandel (2018) conducted another analysis that investigates the evolution of
Green Bond pricing taking into consideration the total issuances between 2008 and
2018. They prove that, as the green bond market matured, the additional yield charged
on these sustainable instruments tended to decrease as the market becomes more
efficient and liquid. This is also because market participants became more familiar with
green tools: during their initial phase of expansion investors were willing to pay an
environmental premium but, nowadays, as the market become much predictable, this
yield differential gradually narrowed.
They conclude that, in the future, Green Bonds may become even more integrated into

the broader bond market, potentially resulting in a reduction or cancellation of the
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Greenium. They also predict that, as Green Bonds achieve greater standardization and
broader availability, their pricing will likely converge with that of conventional bonds,
particularly if the environmental impact of these bonds becomes increasingly
transparent and verifiable.

Further confirmations come from Alves, Lopes and Pinto (2023) and Baker et al.
(2018): as the green bond market matures, the Greenium may become more stable due
to the creation of higher demand for the green financial instruments.

This is also verified by Karpf and Mandel (2018) which, once again, they confirm that
the growth of the green bond market (in terms of both volume and diversity of issuers),

has eliminated the need for Green Bonds to be priced at a premium.
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CHAPTER IV: DATA ANALYSIS

4.1 DATA COLLECTION
The “data collection procedure” is a crucial step in ensuring the success and validity of
any type of analysis. By gathering relevant and accurate data, we can derive meaningful
insights that lead us to an informed decision-making process and solid final conclusions.
To obtain a significant sample, aligned with the research objectives, it is essential to
identify specific search criteria that guarantee us relevance, accuracy and completeness.
Moreover, in this manner, it is possible to obtain information that fully reflects the

actual situation without biases or errors, even over an extended period.

The data, required to conduct the empirical analysis, were obtained using the Bloomberg
database®®. Full access to this software is ensured by the collaboration between my
university (“Ca' Foscari University” of Venice) and the International Platform.

With the aim of reducing the initially large amount of information provided by
Bloomberg, some important “search criteria” have been applied to better align the

available statistics with the multiple needs and expectations of the investigation.

The following are presented and subsequently explored in greater detail.
e Asset Classes and the Security Status
e Amount Outstanding
e S&P Ratings
e Country/Region of Incorporation
e Coupon Type
e Currency
e Maturity and Duration

e (Qreen Instrument Indicator

62 Bloomberg is a global financial services and media company located in New York City, USA. The
platform provides data, analytics, news, and information for businesses, financial professionals and
investors. It is best known for the “Bloomberg Terminal” a software system that delivers real-time
financial data and trading tools.
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e ESG Assurance Providers

First, I decided to consider only "corporate securities” meaning bond instruments
issued by Private Company (Ltd), Public Company (Plc) or Limited Company (Lc).
Government and governmental agencies, banks, insurance companies and all other type
of financial entities have therefore not been considered.

This decision is influenced by several factors, including the wider range of instruments
available in the private sector which, in addition, offers a more comprehensive basis for
credit assessment with regards to the public ones. Furthermore, corporate instruments
directly reflect a firm’s financial health and performance through the so-called “KPI
indicators”.

Approximately 2.8 million instruments have been identified by Bloomberg, considering
only Corporate Green Bonds.

Subsequently, it has been verified the "status of the security" which indicates whether
the underlying bond is active or not: I therefore considered only those securities that are

currently active and tradable within the fixed-income market.

Another deduction considered regards the "amount in circulation" which refers to the
current outstanding volume of a specific financial instrument.

This is a significant factor (as also highlighted in the study of Zerbib, 2019) to evaluate
as it affects several key elements such as the availability and the liquidity of a bond but
also the supply and the demand: different scales of these variables lead to variations in
pricing.

Given these implications, I have opted to incorporate into the dataset only those
instruments that possess a magnitude equal to or greater than 100M (of the underlying
currency), ensuring the availability of approximately 340,500 Green tools.

This kind of decision guarantees improved representativeness given that such selected
instruments are provided by prominent and well-established firms. Simultaneously,

enhanced reliability data and more stable prices are guaranteed. This, in turn, help
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mitigate volatility®®: an essential aspect to consider for conducting a meaningful
analysis.

An alternative criterion reviewed is the “evaluation or rating level” assigned to each
financial instrument: a characteristic considered significant in many academic articles
such as that of Karpf and Mandel (2018).

In the study, I considered the values assigned by Standard and Poor's Corporation
(S&P), one of the most important agencies worldwide. Its scores range from AAA
(meaning excellent ability to meet financial obligations, negligible insolvency risk) to B
(significant speculative characteristics, failures are likely if the situation deteriorates)
and down to D (in default with partial, limited or complete non-compliance).

I have therefore indirectly considered only Corporate Bonds that were rated by third
parties, excluding those that were not rated as they lack continuous monitoring and do

not provide sufficient reliability and transparency.

Another important variable to address concerns the "country or region of incorporation"
as this topic is closely tied to the legal, economic, fiscal and political context of each
nation included in the sample. Additionally, also exchange rate risk associated with the
country’s currency has a significant impact.

Our investigation evaluates all financial instruments issued within the context of the

European Union® and each country mentioned is identified by its respective /SO

code®.

8 Volatility is a statistical measure of the dispersion of returns for a given security or market index. It is

often measured from either the standard deviation or variance between those returns. In most cases,
the higher the volatility, the riskier the security. To conduct a consistent data analysis low volatility
guarantees more predictable, stable and manageable data reducing uncertainty.

6 In addition to the 27 official member states that currently constitute the EU, the following are also

considered in the document: United Kingdom, Russia, North Macedonia, Moldova, Belarus, Albania,
Austria, Montenegro, Ireland, Iceland, Serbia, Switzerland, Finland, the Vatican City State, San
Marino, Liechtenstein, the Faroe Islands, Andorra, Slovenia, Slovakia, and Gibraltar.

6 An ISO code refers to standardized codes established by the International Organization for

Standardization (ISO) to uniquely identify specific elements such as countries, currencies, languages,
or other entities. These codes are designed to facilitate global communication and interoperability
across different systems and industries. For example, ISO 3166 establishes codes for countries name
(e.g. “IT” for Italy) while ISO 4271 establishes codes for currencies (e.g. “EUR” for Euro).
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This decision ensures that the data sample originates exclusively from developed
countries, providing economic and political stability (resulting in more predictable and
less volatile economies). Moreover, a superior level of data reliability is ensured in
comparison to emerging markets where, economic and financial statistics, may be less
faithful (Pereira et al., 2020). Additionally, developed economies share similar and
homogeneous structures which facilitates data comparison.

Applying this filter, I obtained a sample of approximately 20,000 tools.

The “coupon type” specifies how the periodic payment of a securities is structured.

I selected only corporate bonds with fixed coupon or zero-coupon type with the aim to
ensure the simplicity of cash flow predictions. I excluded other less common types of
coupon structures and the so-called “floating rate” which is characterized by high
variability in cash flows and, due to the complexity of underlying assumptions, limiting

its practical utility.

One more significant variable is the “currency”, a component that reflects the
denomination in which securities are traded on the market.

The choice of currency is crucial for ensuring data consistency and effectively
managing foreign exchange risk: different types of currencies can in fact impact the
value of an investment in varying ways (Karpf and Mandel, 2018).

Indeed, more established denominations are less susceptible to fluctuations (with
reference to inflation and change in interest rates) ensuring greater stability.

Based on these previous statements, I have selected only financial instruments issued in
currency such as Euro (EUR), United States Dollars (USD) and British Pounds (GBP).

In light of this new criterion, the number of titles has decreased to around 12,000 units.

An additional key step involves evaluating the "maturity" that is also directly related to
the “duration” notion and to the yield curve®®.
While maturity is a fixed measure that exclusively indicates the bond’s final expiration

and does not account for intermediate cash flows (coupons), duration is a more

% A yield curve is a line that plots the yields or interest rates of bonds that have equal credit quality but

different maturity dates. The slope of the yield curve predicts the direction of interest rates and the
economic expansion or contraction that could result.
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sophisticated and dynamic concept, particularly useful for analysing interest rate
movements. Maturity in fact directly influences the yield of a security as well as the
associated risk: long-term financial instruments typically offer higher profitability to
compensate for the greater risk taken which refers to future uncertainties like price
fluctuations due to changes in interest rates.

Derived from these considerations, I have decided to focus first on corporate bonds with
a duration equal to or greater than 5 years: this specified time frame ensures a more
comprehensive and detailed perspective on securities within a context of economic
stability.

During the data collection process, this variable played a pivotal and determining role as

it drastically lowered the number of financial instruments to around 300.

Finally, I deemed it important to evaluate also features such as the “green instruments
indicator” and “ESG assurance providers”.

The first statement signifies that the issuer affirms the allocation of the net proceeds
from their instrument to environmental projects or activities. Conversely, the second
statement assesses the issuer's sustainability framework (or equivalent documentation)
at the time of issuance, specifically determining whether it includes a declaration
identifying a provider of an assurance framework.

These two criteria are crucial as they certify the reliability of the underlying data,
leading to more transparency, auditability and monitoring capability.

In addition, the utilization of certified securities improves the quality of the analysis

while reducing risks.

Ultimately, starting from the extensive collection of data provided by the Bloomberg
platform and, after applying all the previously mentioned criteria, I obtained two
distinct and consistent samples aligned with the requirements and objectives selected for
my future empirical analysis.

The first dataset comprises 222 Green Corporate Bonds, while the second, generated
simultaneously, consists of 436 Corporate Brown Bonds; both are recorded in two

different Excel spreadsheets.
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4.2 DATA EXAMINATION

Data examination is a crucial step for several reasons, including acquiring a deeper
understanding of the data such as its nature as well as its intrinsic characteristics.
Furthermore, a detailed investigation is valuable in determining the most appropriate
statistical approach and assessing whether the datasets are compatible with it.

Another crucial aspect is the management of anomalous data (or extreme values), which
could significantly impact the results if not appropriately addressed.

Other strengths may relate to improving the sample or exploring potential correlations

or interactions with other statistics not previously detected.

It is therefore necessary to verify, also with the support of graphical representations and
tables, whether the two obtained datasets are consistent and mutually compatible: this
type of verification constitutes a fundamental prerequisite for the subsequent empirical
regression.

Given the two filtered samples created, let us proceed with a more in-depth analysis,

considering both the qualitative and quantitative variables shared by the two datasets.

4.2.1 Qualitative variables
The main characteristic of qualitative variables is that they cannot be characterized by
numbers but rather by qualities or categorical data.
My dataset includes four variables of this type: the S&P rating scale, the currency, the
country of issuance of Corporate Green Bonds and the sector to which the emitters

belong.
Graph 12 represents the ratings assigned by the S&P agency which range from AAA

(best score) to D (worst score) on the x-axis and the number of respective instruments

on the y-axis.
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Graph 12. Rating assigned by S&P and respective number of instruments for each score.
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Upon a closer examination, we can easily observe that most financial instruments we
use (both green and brown), have ratings ranging from A+ to BBB- scores with notable
peaks in the BBB+ and BBB. This suggests that a significant portion of securities in the
dataset exhibit a moderate level of risk; in other terms, the investment can still be
regarded as safe for investors within this range.

Analysing the extremes of the spectrum, the sample does not include securities with a
prime grade (AAA) or high grade (AA+). There is, instead, a very limited number of
titles in the AA, AA- and A+ scores.

Conversely, when examining the right tail of the ratings scale, from BB+ to D (within
which securities are classified as speculative or highly speculative), only 22 financial
instruments out of 222 (in the green category) and 37 out of 436 (in the brown category)
are displayed in total. Among these, we find a significant presence of conventional
bonds classified as “CCC”.

Notably, there are no financial instruments classified between CCC- (which represents a

significant risk) and D (default) categories.
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This type of ratings distribution confirms that we have a comparable sample to work
with, as the distribution of the ratings follows the same trend along the entire scores

scale.

The second qualitative variable concerns the currency of issuance.

As outlined in the data collection process, in this study we considered only Euro, US
Dollar and Great Britain Pound.

To gain a better understanding of the distribution regarding the currency variable, Graph
number 13 and 14 respectively represent the percentage of the three different currencies
from the perspective of Green Bonds and Brown Bonds.

As can be observed, there is a clear majority of both financial instruments issued in
Euros (77% for GB and 64% for BB), followed by GBP (10% and 19%) and USD (12%
and 17%).

Also from this perspective the sample appears to be aligned.

Graph 13. Distribution of GB®” according to the type of currency, in percentage terms.
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= GBP
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Source: Personal elaboration using dataset

67 “GB” refers to Green Bond.
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Graph 14. Distribution of BB according to the type of currency, in percentage terms.
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The third qualitative variable under examination is the country of issuance.

Graph 15 displays the total number of financial instruments issued by each country,
sorted in descending order based on the value of Green Bonds.

Considering the latter, we can easily observe that primarily three countries (out of a
total of fourteen European nations) have issued a significant number of green financial
instruments present in the dataset. These countries are the Netherlands, France and
Deutschland with 40, 37, and 27 financial instruments issued respectively (accounting
for 47% of the total).

Regarding conventional instruments instead, the leading country in terms of issuance is
France (with 120 securities) followed by Great Britain with 70 and the Netherlands with
61 tools. The solid economic and institutional foundations that characterize these
countries contribute to maintaining sovereign risk under control. Consequently,
investing in their financial instruments is free from any significant risk.

On the other hand, the countries with lower emission numbers included in the dataset
are Norway, Belgium, Finland, Austria and Sweden; these, when considered as a group,
collectively account for a modest 9% of the total.

About Italy, our country ranks ninth in terms of the number of sustainable bond
emissions (with a total of 10) and eighth in terms of brown bond emissions (with a total

of 18).

%8 “BB” refers to Brown Bond.
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Graph 15. Total number of Green and Brown emissions for each country.
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From Graph 16 and 17, we can also determine the number of issuers (indicated by the

horizontal blue bars) in comparison to the total number of securities issued.

It 1s evident that the number of emitters is smaller than the number of instruments

issued. This can be explained by the fact that each issuer places multiple securities on
the market (an average of 2.39 financial instruments concerning green emissions and
5.81 concerning conventional emissions), either as part of a diversified funding
approach but also due to strategic decision or for proper management of systematic
risk®.
However, this circumstance does not apply to Sweden and Finland, where the number

of financial instruments matches the number of issuers in both categories.

69 Systematic risk is that part of the total risk that is caused by factors beyond the control of a specific
company or individual (external to the organization). All investments or securities are subject to

systematic risk and, therefore, it is considered as a “non-diversifiable risk”.
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Graph 16. Distribution of Green Bonds by country of incorporation and respective

number of emitters.
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Graph 17. Distribution of Brown Bonds by country of incorporation and respective

number of emitters.
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The final qualitative variable to consider is the industry to which the issuers belong,
with the aim of identifying the sectors involved in our analysis.

This is a crucial point as each sector varies in terms of specific risks and cyclicality.
(Grishunin and Bukreeva, 2022)

Moreover, it is important to assess also external macroeconomic factors that could

impact our investments in a specific sector.

Graph 18. Percentage of Green and Brown Bonds issued in different sector.
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Based on Graph 18, we can immediately identify the key securities issuance sectors;
these are Utility-Electricity, which ranks first, followed by Industrial’®, Real Estate and

Special Purpose Entities’".

70 The Industrial sector includes companies involved in the production of goods and services in areas

such as manufacturing, construction, transportation and infrastructure.

71 The Special Purpose Entities (SPEs) sector includes companies created for a specific, limited purpose.

This category includes companies involved in securitization or in holding specific assets, as well as

project financing entities. SPEs typically maintain legal and financial separation from their parent
companies.
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Taking into consideration the three sectors just mentioned, they account for more than
80% 1in relation to both green bonds and conventional bonds.

In contrast, emissions related to the Utility-Gas, Utilities in general, and Trains-Rail
sectors have a limited impact within our sample (only 32 securities out of a total of
658).

Comparing the percentages shown in the Graph 18, it is evident that our two samples

are aligned reflecting a equivalent sectoral trend.

4.2.2 Quantitative variables
A quantitative variable is a type of parameter that can be measured and expressed
numerically. It represents a quantity or an amount and, its values, could be continuous
(it can assume any value within a given range and can be measured with infinite
precision) or discrete (it takes distinct, separate values and are usually counted).
The sample under consideration comprises five quantitative variables: the amount
outstanding, the price, the yield to maturity, the coupon rate and the duration of each

financial instruments.

Given that we are dealing with quantitative variables, descriptive statistics™ plays a
fundamental role in their evaluation.

Tables 3 and 4 provide a summary of the key statistics used (and listed in the first
column) for both Green and Brown associated to each quantitative variables that
characterize the financial instruments.

It is important to highlight that these summary tables were generated using Stata

software’® using the two different datasets created in Excel format as input.

72 Descriptive statistics are brief informational coefficients that summarize (providing a clear and

concise overview) a given dataset, which can be either a representation of the entire population or a
sample of a population. Descriptive statistics.

73 Statais a general-purpose statistical software package developed by StataCorp in 1985 for data

manipulation, visualization, statistics and automated reporting. It is used by researchers in many
fields including biomedicine, economics, epidemiology and sociology. The version employed for my
analysis is the one published in April 2023.
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To facilitate the understanding of the values presented in the tables, a brief description

of the relevant statistics is provided below:

1. “N” - number of observations in the dataset.

2. “Mean” - the average value of the dataset.

3. “SD: Standard Deviation” - a measure of the dispersion or spread of the data
around the mean.

4. “Median (p50)” - the middle value of the dataset dividing the data into two equal
halves.

5. “Min” - the smallest value in the dataset.

6. “Max” - the largest value in the dataset.

7. “CV: Coefficient of Variation” - a standardized measure of dispersion calculated
as the ratio of the standard deviation to the mean (expressed as a percentage).

8. “First quartile (p25)” - the value below which 25% of the data falls, marking the
lower quarter of the dataset.

9. “Third quartile (p75)” - the value below which 75% of the data falls, marking
the upper quarter of the dataset.

Table 3. Key statistics of the Green Bonds dataset.

STATS Amount Outstanding Price Yield to Maturity (YTM)|  Couponrate Duration
N 222 222 222 222 22
Mean 7,23E+08 95,772620 4,200439 3,59 9,006234
SD 2,30E+08 9,030308 1,314657 1,85 4,329617
p50 6,90E+08 99,723170 3,674733 3,75 7,798768
Min 1,21E+08 66,955330 2,763965 0,25 5,004791
Max 2,08E+09 108,904300 10,639850 9,88 29,169060
oV 0,318035 0,094289 0,312981 0,614709 0,480736
p25 5,43E+08 89,402000 3,407235 2,00 6,442163
p75 8,49E+08 101,794000 4,231490 4,50 9,686516

Source: Personal elaboration using dataset, Stata Software
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Table 4. Key statistics of the Brown Bonds dataset.

STATS Amount Outstanding Price Yield to Maturity (YTM)|  Coupon rate Duration
N 436 436 436 436 436
Mean 6,47E+08 92,4024 4,4504 3,37 8,064431
SD 3,28E+08 15,30778 1,364768 1,82 3,167222
p50 6,00E+08 92,81975 3,81342 3,50 7,565305
Min 1,00E+08 57,0875 1,994496 0,25 5,002413
Max 2,50E+09 238,63 11,01842 8,25 20,89012
cv 0,507477 0,1656643 0,3066618 0,5397337 0,3698112
p25 5,00E+08 84,07725 3,433495 1,78 6,148454
075 7,50E+08 101,113 5,647033 471 10,36431

Source: Personal elaboration using dataset, Stata Software

Graph 19 has been specifically designed to analyse the amount outstanding.

The x-axis represents standard fractions of the issued amount, while the y-axis displays

the corresponding issuance magnitude.

Graph 19. Distribution of financial instruments by fraction of amount outstanding.
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We note that most of the emissions in our dataset have a volume ranging between 500

and 999 million which corresponds, in percentage terms, to 80% of the total green

instrument issuances and to 63% considering brown bonds. This is confirmed also by
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the average that stabilizes at approximately 7.23 million for the first group and 6.47
million for the conventional ones.

Regarding the values displayed in the right side of Graph 19, only 92 financial
instruments out of a total of 658 are positioned within a capitalization range of 1 to 2.5
billion: the securities contained within this interval exhibit higher amounts compared to
their average.

On the other hand, unusual values were not observed in the left side, as a minimum
threshold of 100 million was established through parameter constraints. However, the
range from the cited minimum to 499 million shows a limited issuance of both types of
financial securities (for a total of 114).

This situation can be explained by the fact that each company has different plans or
targets, and consequently, different capital-raising needs. Large companies in fact
require significant capital to finance large-scale projects distributed over long time
horizons.

A practical example that aligns with these characteristics is the company “Telefonica
Emisiones S.A”, classified as a special purpose entity. This firm issued one tranche of
conventional bond with a total issuance amount of approximately 2.5 billion USD. The
transaction was carried out to raise funds with the objective of serving as long-term
support for the Group's operational and strategic activities.

Other possible reasons are related to the concept of economies of scale (management

costs of a security) or to benefit from tax incentives and regulatory advantages.

Another essential characteristic of bonds is their market price.

For convenience, we have categorized the different prices of our overall sample into
broad groups, clustering similar securities together and plotting them in the y-axis.
According to Graph 20, most of different tools analysed fall within a market price that
range from 80 to 109; notably, the 100-109 segment exhibits significant peaks.

The average price for Green Bonds stands at approximately 95.77 while, for Brown
Bonds, stands at 92.4. This situation implies that many financial instruments are priced
below their nominal value, thus trading "below par". An important investigation
concerning the bonds’ pricing is “The European sustainable debt market — do issuers

benefit from an ESG pricing effect?”” widely discussed by ESMA.
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Graph 20. Distribution of bonds in the sample by different range of price.
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Extreme values are observed at both boundaries of the graph and apply exclusively to
the conventional category; their overall impact on the dataset is minimal, accounting for
approximately 5%.

Additional validation is provided by the low coefficient of variation values (0.09 or 9%
for GB and 0.16 or 16% for BB) as well as the low standard deviation observed in both
categories; precisely for this reason, the sample demonstrates relatively low dispersion
in relation to their mean.

This is a positive result as it confirms a certain level of homogeneity in our distribution
regarding the price of both type of bonds.

Analysing from a practical perspective, particularly low issuance prices compared to its
face value™ generally indicate weak demand for these securities and a higher interest
rate required by investors compared to other market instruments.

Another contributing factor may be the increased risk associated with the issuer (Backer

et al., 2018).

74 In our sample, the face value is set at 100.



Conversely, prices exceeding the nominal value typically result from lower interest
rates, a highly reliable issuer or due to a strong demand for that specific financial
instrument.

London Power Networks PLC serves as an example of this phenomenon: one of its
obligations is currently trading on the market at a price of 238 GBP. This is driven by
its long remaining maturity as well as strong demand for such instrument that is

supported by a financially solid issuer.

The Yield to Maturity (YTM) is the annualized rate of return an investor would earn by
holding a bond until its maturity date (assuming that all coupon payments are reinvested
at the same rate).

This key metric is particularly relevant for investors as it assists in making informed
portfolio management decisions. YTM in fact facilitates the comparison of bonds with
varying maturities and coupon rates, as it considers their sensitivity to interest rate
fluctuations.

However, this variable is influenced by multiple factors, most notably are the interest
rates (as market interest rates rise, bond prices decline, leading to a higher YTM), the
credit ratings (bonds with lower credit ratings typically offer higher yield) and the
maturity (longer-term bonds generally have higher YTMs).

With the aim of better representing the distribution of the two categories of financial
instruments, Graph 21 displays yield fractions on the x-axis, while the corresponding
values for each category are plotted on the y-axis.

It is immediately evident that most of the sampled instruments fall within the 3-4.99%
category (specifically 70%) providing a justification for the observed average value of
4.2 for Green Bonds and 4.45 for Brown Bonds.

The estimate of the standard deviations is approximately low, indicating a limited
dispersion of data away from the mean.

Focusing on the right tail of the distribution, thus considering the fraction ranging from
7% to above 9%, only a few instruments fall within these bounds (specifically, just 24).

The maximum value observed is 11.01, which belongs to the category of conventional

bonds.
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On the other hand, examining the left tail, the recorded minimum value stands at 1.99.
Overall, extreme values remain limited, even within the category with the smallest

range (from 1 to 2.99) which includes only 9 securities out of a total of 658.

Graph 21. Distribution of financial instruments by fraction of YTM.
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By re-examining the distribution illustrated in Graph 21, we can conclude that both

datasets exhibit similar behaviour, forming a well-defined trend.

The variable "coupon" is our fourth quantitative variable to be analysed.

As shown in Graph 22, various ranges of coupon rates are plotted along the x-axis,
while their corresponding magnitudes are plotted along the y-axis.

We can observe that the coupon rates of the total securities vary from 0.01 (the lowest
recorded level) to 10: a broad spectrum of values taken into consideration.

Most of the financial instruments in the sample are included within the range of 3% to
4.99% with notable concentration between 3.5% and 3.99%. This latter range includes

around 20% of the Green Bonds and 14% of the Brown Bonds.
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Graph 22. Distribution of bonds in the sample by coupon rate segments.
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Once again, extreme values are observed.

The issuance of bonds with low coupon rates can be attributed to several factors and
possible explanations can be found in the growing demand for Green Bonds. Investors
are in fact increasingly interested in financing projects with a positive environmental
impact making sustainable financial instruments attractive even if they offer relatively
low returns. Other reasons include the company's strength in the sustainability sector
and its privileged access to low cost of capital.

Examples of companies that meet these conditions include “E.ON SE” (operating in the
renewable energy sector) and “Engie SA” (operating in the production and distribution
of natural gas, renewable energy and services).

In other cases, such issuances are introduced to the market primarily for symbolic
purposes or methodological issuances like portfolio balancing or other technical
reasons.

Conversely, in the range of coupon rates between 7% and 9.88% (the maximum value
in our dataset) a relatively small number of securities have been identified, specifically
only 19 out of 436.

Referring to Tables 3 and 4, the average coupon rate is approximately 3.59 for GB and

3.37 for BB, with a correspondingly high similar standard deviation of 1.83 for both.
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This observation is further supported by a coefficient of variation slightly exceeding
0.5.

In certain contexts, a CV value > 0.2 is considered significantly high but, since this
specific study focused on economic and/or market sciences, it is deemed acceptable due
to the greater heterogeneity of the circumstances and data analysed.

Indeed, the sample exhibits substantial intrinsic variability, particularly when
considering the coupon rate as it is highly dependent on external factors and diverse
contexts (such as the country of issuance, rating, type of securities and many others).
The concept of p25 (first quartile) and p75 (third quartile) are related to data distribution
and help us to describe the spread of these data.

When examining the first quartile, we observe that the maximum value reached by 25%
of Corporate Green Bonds is 2 whereas, for the brown dataset, it is 1.78.

Similarly, when considering the third quartile (the value below which 75% of the data
lies) the value for green instruments is 4.50 while, for conventional bonds, it is 4.71.
The difference between p75 and p25 is represented by the Interquartile Range (IQR)
which is a statistical measure that identifies the central dispersion of the data ignoring
extreme values.

Applying the IQR formula to the green dataset, we prove that the distance between the
first quartile and the third quartile of the sample data results in a value of 2.5 that, when
compared to the standard deviation (1.85), it appears slightly higher indicating a small
influence exercised by extreme values on the dataset. Similarly, for Brown Bonds, the
IQR is 2.93 while its standard deviation stands at 1.82 signalling more data dispersion
with respect to the green category.

In conclusion, higher IQR values (the context of the dataset must be taken into
consideration) represent greater dispersion among the data, and vice versa.

Reviewing once again the distribution showed in Graph 22, it can be observed that the
green and brown instruments tend to align almost perfectly, thus following a specific

trend and confirming the robustness of the sample under analysis.

Let us now consider the last quantitative variable in our dataset: the duration.
Graph 23 helps us to better understand, in a simpler and more immediate way, the

different distribution of the duration within our sample.
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The diverse years of duration have been grouped on the x-axis in order to create macro

categories while the magnitude of each is plotted on the y-axis.

Graph 23. Distribution of bonds in the sample by coupon duration segments.
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As shown by the trend, the greater the amount issued for each security, the fewer
securities with such amount are issued.

Although increasing the amount issued may seem like a solution to raise more funds, it
can also lead to lower demand and greater difficulty in finding investors (the title may
not be fully endorsed), thus, diminishing the relative importance of financial
instruments in the market.

Duration parameter has an average of 9 years for Green Bonds and approximately 8.56
years for conventional securities based on Table 3 and 4. These results are influenced by
the presence of extreme values: the high coefficient of variation for both categories
(around 0.4 or 40%) confirm a certain degree of data dispersion around the mean.

The minimum duration is set at 5 years according to the established criteria, while no
maximum limit has been defined; as a result, extreme values appear only on the right

side of Graph 23.
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In our dataset, only 10 financial instruments have a duration exceeding 20 years across
both bond categories and, specifically, only three of these exhibit a significantly longer
duration (around 30 years).

These three aforementioned emissions refer to sustainable instruments issued by
companies such as Smurfit Kappa Treasury ULC (special purpose entities) and Raizen
Fuels Finance SA (leaders in the energy sector and fuel distribution). Companies like
theirs, issue financial securities with significant maturities (and issuance volumes) for
various reasons, including financing long-term green projects, attracting institutional
investors and locking potentially lower funding costs.

A high standard deviation value, as observed in our case, once again signifies
heterogeneous data. However, given the nature of the study and the characteristics of
the analysed sample, this does not constitute a potential source of bias also for that

variable.
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CHAPTER V: EMPIRICAL ANALYSIS

Empirical analysis plays a crucial role in the economic and financial research, as it
allows for the testing and validation of theories through direct observation of real-world
data seeking to highlight associations, trends and tangible behaviours.

This type of analysis is associated with several strengths, which we will briefly examine
below.

One of these is the testing of hypotheses formulated by theory: in other words, it
assesses whether the predictions made by theoretical models are confirmed using real-
world parameters. In some cases, theories may not fully reflect market dynamics (or the
variables considered) but, empirical analysis, addresses this issue by capturing its
effects (and even predicting them through statistical models based on historical data) as
it relies on a sample of real statistics.

Another strength lies in its practical relevance: the results derived from empirical
regression are directly applicable to the tangible reality. These outcomes can be used by
individuals to draw conclusions and make decisions regarding the analysed aspects, or
to revise and correct approaches that are no longer valid considering new data.

A further notable feature of the empirical analysis is its application across numerous and
diverse contexts, such as financial markets, economies and social dynamics: due to its

flexibility, the empirical approach in fact can adapt to complex and diverse phenomena.

5.1 RESEARCH OBJECTIVES

Throughout the former sections, we have introduced the concept of Green Bonds,
provided a comprehensive contextual framework and examined their key interrelated
features.

By reviewing the relevant literature (as explored in Chapter III), we have also perceived
that the notion of Greenium involves multiple interpretations and has gained
prominence following the introduction of green financial instruments aimed at
generating a positive environmental impact.

Considering the numerous insights provided by authoritative scholars and analysed in

this study, we have developed a more precise understanding of the Greenium concept.
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With this solid foundation, we are now able to undertake an empirical analysis to

evaluate the validity of certain research questions.

Our investigation will therefore commence by testing the significance of both
quantitative and qualitative variables, which are described and studied in detail in
Chapter 4.

Through an empirical analysis, we will assess the significance level of each variable in
relation to the dataset of green instruments and, subsequently, using the same variables,
we will examine their impact on the dataset of brown bonds. It is important to recall that
these two samples mentioned were constructed based on the search criteria outlined in
Section 4.1 of this study.

Once the regression analysis is conducted, we will evaluate the significance of each
variable within both datasets, aiming to determine whether the same factors exhibit
different impacts depending on the type of bond.

In turn, we will focus on testing the presence of the Greenium. To reach this goal, a
third dataset has been created, aggregating both bond types along with their respective
variables. Additionally, a dummy variable (named “GREEN”) will be introduced,
assigned a value of 1 if the security is classified as a Green Bond and 0 otherwise.

In this case as well, a regression analysis will be performed, with particular emphasis on

assessing the effect of the GREEN variable as part of matched sample data.

In summary, we will verify two main statements:

1. Assess whether the so-called “drivers” have an impact on the yield to maturity
of both type of bonds (green and brown) within our sample, also evaluating their
different significance.

2. Test the existence of the so-called “Greenium” associated with green securities
compared to conventional bonds and subsequently determine the magnitude (if

the presence of green premium is detected).

88



5.2 ANALYTICAL METHODS
It is now essential to select the statistical model that most coherently aligns with the
nature of the data to properly assess the two previously mentioned hypotheses.
Based on our sample, only quantitative and qualitative variables have been considered,
while the so-called "macroeconomic variables’" have been deliberately excluded from
the analysis. This strategic choice aims to mitigate the risk of correlation-related issues
which could compromise the model's stability.
Furthermore, some macroeconomic variables are already implicitly accounted among
the selected variables. For example, if we consider market interest rates, which are
influenced by the central bank through monetary policy, they directly affect both the
price and the yield of a bond due to their highly dependent on benchmark interest rates
and respective fluctuations. This practical real-world example illustrates how, even if
certain macroeconomic variables are not explicitly included in the model, they are
implicitly considered through the quantitative and qualitative factors chosen.
Typically, macroeconomic variables should be carefully considered when comparing
different countries or economic contexts; for example, when analysing developed versus
emerging markets. However, this challenge has been bypassed by focusing exclusively
on countries within the European context, where a certain degree of economic
homogeneity prevails. As a result, economic (or ESG-related) policy differences among

these countries are not significant enough to affect the analysis.

Based on these considerations, the OLS (Ordinary Least Squares) model has proven to
be the most suitable for our investigation.

This choice was driven by key factors such as the exclusion of macroeconomic
variables and the robustness it ensures when analysing limited datasets or small samples
of data (as in our case). The OLS model is particularly well-suited for studies that

t76n

provide a "snapshot'®" of the market, without accounting for its dynamic nature. The

latter, in fact, is captured through the analysis of data across multiple time periods as

7S 'When considering bonds, certain macroeconomic variables associated with them include the inflation

rate, the economic growth indicator (GDP), the amount of public debt and the exchange rate.
76 In the financial and economic context, a snapshot refers to a real-time representation of data at a

specific point in time. In our study, the entire data sample is updated to 30 January 2025.
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well as the market’s evolution reflected in macroeconomic variables: scenarios that are
better suited to “cross-sectional” or “panel data” types of models (see the study of
Grishunin S. et al.: “Greenium and its Determinants at various phases of life cycle of
European Green Bond Market).

Another strength of the OLS lies in its simplicity as its outputs provide comparable and

interpretable values across different contexts.

Before implementing an Ordinary Least Squares model, it is crucial to assess the
significance of both qualitative and quantitative variables. This step is not merely a
methodological formality but a fundamental practice to ensure that the final model is
robust, reliable and interpretable. Therefore, a careful selection of regressors is crucial
to prevent the common mistake of including all available variables without first
assessing their individual statistical significance. Indeed, only by incorporating
independent variables that genuinely explain the variability of the dependent ones, we
can guarantee that the model is both effective and free from unnecessary or irrelevant
information.

A highly effective tool for conducting this preliminary selection is the Two-sample t-test
with unequal variances, commonly referred to as “Welch's t-test” which is employed to
compare the means of two independent groups.

This test is particularly suited to the requirements of the underlying investigation, as it is
designed to compare the means of two independent groups consisting of real-valued
data (in our case, represented by Green Bonds and Brown Bonds) under conditions
where the groups have unequal variances and differing sample sizes (hypothesis not
considered by the classical ¢-distribution).

All these assumptions are confirmed by Tables 3 and 4.

The general model for the two-sample t-test with unequal variances is structured as
follows: we first define the null hypothesis (Ho), while the alternative hypothesis (Hi)
represents the negation of the null.

In this specific study, we fixed:

(Ho): Ho: p: = p2 (the means of the two groups are equal)
(Hy): Hi: i # 2 (the means of the two groups are different)
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The formula for calculating the Welch's t-test statistic is represented by the following

Equation 9.
T, —
= ——— )
S 3 s
ny N2
Where:

Z1 and Ty represent the means of the two groups.
s% and sg denote the sample variances of the two groups.

n; and ng are the sample sizes of the two groups.

Using Stata software, we conducted an individual analysis of all our independent
variables, excluding YTM, as it will serve as the dependent variable in our empirical
model.

By executing the command "ttest nameofvariable, by(Group’’) unequal", we obtained
eight distinct tests corresponding to the eight regressors available.

The results have been summarized in Table 5.

Table 5. Summary of the outputs of the two-sample t-test in relation to the independent

variables.
VARIABLES BrownBond (0) | GreenBond(1) (0)-(1) t PrT<t) | P|T|>|t]) | PHT>Y)
S&P Rating 10,50688 9,779279 0,727605** 1,7445 0,9591 0,0817 0,0409
Amount Qutstanding 6,47E+08 7,23E408 (-)7.63e+07+** -3,4621 0,0003 0,0006 0,9997
Price 92,402400 95,77262 (-)3,370224*+ -3,5431 0,0002 0,0004 0,9998
Coupon 3,370473 3,588707 (-)0,2182345* -1,4403 0,0753 0,1505 0,9247
Duration 8,564431 9,006234 (-)0,4418029* -1,3478 0,0893 0,1786 0,9107
Industry 3,658257 3,603604 0,0546533 0,2946, 0,6158 0,7684 0,3842
State 7,481651 7,716216 (-)0,2345648 -0,8734 0,1915 0,3830 0,8085
Currency 1,520642 1,346847 0,1737954**+ 2,9552 0,9984 0,0033 0,0016
N 436 222

Source: Personal elaboration using dataset, Stata Software

77 The term "Group" serves as a dummy variable within the test. It takes on a value of “0” when
referring to data from the Brown Bond Excel spreadsheet and “/” when representing data from the
Green Bond dataset.
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Table 5 provides a list of the regressors tested in the first column.

The subsequent columns report the mean values associated with each variable, first for
the Brown dataset (comprising 436 observations) and then for the green dataset
(consisting of 222 observations).

The column labelled “(0)-(1)” represents the difference term (denoted as “diff”” by the
software) between the previous two values reported; in addition, the corresponding t-
statistic is also included, computed as described in Equation 9.

The last three columns present the p-values for the three alternative hypotheses
estimated by the test. Given the null hypothesis defined as “Hy: diff = 0”, the third-to-
last column describes the p-value for the alternative hypothesis “H,: diff < 07, the
second-to-last column corresponds to “H,. diff # 0 and the last column pertains to “H,:
diff > 0.

Based on the p-values presented in the second-to-last column, the significance levels in
the “(0)-(1)” section are denoted by asterisks (or stars), which serve as a visual indicator

of the degree of statistical significance.

Common standards define significance levels as follows:

A P>|t| value below 0.01 indicates a highly significant coefficient (at the 99%
confidence level) typically denoted with three stars (***).

A P>|t| value ranges between 0.01 and 0.05 is moderately significant and it’s
represented with two stars (**).

A P>|t| value ranges between 0.05 and 0.1 is considered as weakly significant and it’s
marked with only one star (*).

When P>|t| exceeds 0.1, the coefficient is not statistically significant (and no star is

assigned) meaning the corresponding independent variable is not relevant for the model.

It can therefore be easily inferred that the regressors “Amount Outstanding”, “Price”
and “Currency” are highly significant for the test.

The variable “S&P rating” exhibits moderate significance, while the others “Coupon”
and “Duration” are considered weakly significant, as their respective values are very
close (respectively 0.1505 and 0.1786) to the lowest significance level accepted (0.1)

represented by a single star.
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Nonetheless, their inclusion in the OLS model remains valuable.

Conversely, variables like “State” and “Industry” do not exhibit statistical significance.
This is a reasonable outcome, given that the dataset comprises only European countries
with similarly developed economies. In summary, the issuance of a financial security,
whether green or brown, is not significantly influenced by the country of issuance
within the FEuropean context. This insight has also been confirmed by other
investigations, such as those by Pereira et al. (2020) and Elettra and Rossella Agliardi
(2021). These studies clearly indicate that the "State" variable plays a significant role
when comparing states within developed countries to those in emerging markets.
However, when analysing these two contexts separately, a certain degree of
homogeneity can be observed within each group.

A similar rationale applies to the industry view. As analysed in Chapter 4, the financial
instruments in our dataset are issued within the broad but unique “utilities sector”, with
only a few subcategories (namely Utility-Gas, Utility-Electric, Real Estate and Special
Purpose) closely linked to the main field mentioned.

Given this limited variability, it is reasonable to conclude that this regressor is not
significant for either the model or the context and objectives of the underlying
investigation. This thesis aligns with the study proposed by Grishunin and Bukreeva
(2022), which asserts that the sector relationship maintains a certain level of
significance, only when the sectors in question display substantial differences in their
exclusive characteristics (for example, between the agricultural sector and the

transportation sector).

Once this initial necessary test on the available independent variables has been
conducted, we will now proceed to define the basic formulation of the OLS statistical

model as in Equation 10.

Yi=po+piXi+ & (10)

Where:
YTM; represents the dependent variable.

X; is the independent variable (or predictor).
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Po 1s the intercept (the value of Y when X=0).
L1 1s the coefficient of the independent variable, which measures the effect of X on Y.

& 1s the error term, representing the portion of Y that is not explained by X.

In the case of multiple regression with "£" regressors, as applied in our study, and
considering the significance of the variables involved, the OLS model is implemented

as presented in Equation 11.

YTM;, = fy + FiIS&PRating,, +frAmountOutstanding,, +

SiPrice, + fyCoupon;,+ fsDuration,, + fsCurrency;, +

(1)

&i

The underlying assumptions are:

o Linearity of the model: there should be a linear relationship between the
dependent variable Y and the vector of independent variables represented by X..

o FE(&i|X;))=0 means the absence of systematic error: the expected value of the error
term should be zero.

e Var(ei/X;)=0c’: the error terms must have constant variance guaranteeing the
presence of homoscedasticity.

o  Cov(e,ei/X;))=0 for V; # j refers to the autocorrelation of errors. In other words,
the error terms should be uncorrelated across observations.

e No perfect collinearity: the explanatory variables should not be perfectly

correlated with one another.

Using the "rvfplot" command in Stata, we analyse the two different types of datasets
running them separately to determine whether both align with the assumptions of the
OLS model previously mentioned. The resulting output provides a scatter plot of
residuals against fitted values, as illustrated in Graph 24 and 25.

The X-axis represents the predicted values generated by the model and the Y-axis

displays the difference between the observed values and the predicted ones. In addition,
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blue points correspond to any individual observations, each associated with a predicted

value and its corresponding residual.

Graph 24. Dispersion of residuals relative to the predicted values (fitted values) in the

context of the Green Bond dataset.
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Source: Personal elaboration using dataset, Stata Software

Upon examining Graph 24, it is apparent that there is a certain linearity with respect to

the predicted values, as most of them are concentrated between 3 and 5. For higher

predicted values, however, the dispersion increases.

This pattern illustrates how the model fits well for most of the values within our sample,

while extreme values, as emphasized in Chapter 4, even if detected, they should still be

accepted by the model and considered significant.

Additionally, the mean of the residuals is centred around the horizontal zero line,

confirming that the model is correctly centred because there is no strong evidence of a

mean error different from zero.

The assumption of homoscedasticity of errors is violated only in the dispersion of

residuals for higher predicted values

(from 5 onwards).
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Regarding multicollinearity, a test was performed using the "vif" (Variance Inflation
Factor) command in Stata, which showed low values’® for all independent variables,

confirming the absence of perfect collinearity as required by the OLS model.

Graph 25. Dispersion of residuals relative to the predicted values (fitted values) in the

context of the Brown Bond dataset.
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Graph 25 represents the residuals against the fitted values for brown bonds, highlighting
a distribution like the previous one.

Once again, a concentration of points around the central value is evident, with a little
increasing dispersion at higher fitted values. Therefore, the assumption of linearity is
not significantly violated, however some scattered observations indicate extreme values
far from the average.

Regarding the errors, they are distributed around the zero-horizontal line, suggesting an
expected value close to zero. Furthermore, an analysis of their distribution confirms that

there is no evidence of autocorrelation.

78 All output values fell below the VIF threshold of 5. According to Stata's criteria this situation
indicates a low level of multicollinearity.
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Additionally, there is no clear pattern of variance expansion, meaning that the
dispersion of residuals remains relatively constant across the range of fitted values: in
other words, no heteroskedasticity is observed except in certain extreme values.

Finally, a collinearity test was conducted on the independent variables in this sample (as

the previous), confirming the absence of collinearity.

5.3 EMPIRICAL ANALYSIS AND RESULTS
After carefully examining the data, as detailed in Chapter IV, and after selecting and
testing the most appropriate model (as outlined in Section 5.2), we now proceed with
the empirical regression analysis.
Specifically, we first examine the green dataset followed by the brown; both
documented in the Excel spreadsheets.
This type of investigation aims to address the two main research questions previously

presented in the Section 5.1 of this paper.

5.3.1 The Green Bond dataset
The regression analysis was conducted using Stata Software, setting "Yield to Maturity"
as the dependent variable and then introducing each independent variable one at a time.

By running the "reg" command, we obtained Table 5 as the output.

Analysing Table 5 and, more specifically referring to the upper part, it can be observed
that the Green Bond dataset consists of 222 observations.

The statistic "F' (6, 215)" refers to the global significance test of the model, where “6”
represents the number of regressors (or independent variables) and “215” refers to the
number of observations (typically calculated as “n-k-17).

If the F value is high and, at the same time, the "Prob >F" statistic is low (usually
below 0.05) as in our case, this condition indicates that at least one of the independent
variables included in the model has a significant effect on the dependent variable: a

statement that we will further verify.
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How well the model fits the data from the sample is showed by the R-squared value.
This indicator measures the proportion of the variability (in the dependent variable) that
is explained by the regression.

Alternatively, the adjusted R-squared is a more reliable statistic with respect to the
previous. R-squared in fact tends to increase with the addition of variables, even if they
are irrelevant, whereas the adjusted version corrects this effect by accounting for the
number of independent variables in the model.

In our specific case both values are high, standing at 0.92, which suggests that the OLS
model can explain 92% of the variability of the dependent variable. This is further
supported by the “Root MSE” (Mean Squared Error) of 0.3573, confirming minimal

error in the model's predictions.

Table 5. Output table of the OLS regression model for Green Bonds.

Source SS df MS Number of obs = 222
F(6, 215) - 462.74
Model 354.506963 6 59.0844939 Prob > F = 0.0000
Residual 27.4523237 215 .127685226 R-squared = 0.9281
Adj R-squared = 0.9261
Total 381.959287 221 1.72832257 Root MSE = .35733
YieldtoMaturity | Coefficient Std. err. t P>|t] [95% conf. interval]
nSPRating .0095287 .0061778 1.54 0.124 -.002648 .0217055
AmountOutstanding 9.15e-11 1.07e-10 0.86 0.392 -1.19e-10 3.02e-10
Price -.1261861 .0048434 -26.05 0.000 -.1357327 -.1166395
Coupon .879918 .0277424 31.72 0.000 .825236 .9346
Duration -.0281097 .0059788 -4.70 ©0.000 -.0398943 -.0163252
nCurrency .2686984 .0513858 5.23 0.000 .167414 .3699829
_cons 12.86689 .4439516 28.98 0.000 11.99183 13.74194

Source: Personal elaboration using dataset, Stata Software

Let us now proceed with the analysis of the lower section of Table 5.

As previously introduced, we assign the model’s dependent variable as the YTM; the
other regressors are listed in the same column below it.

Regarding the qualitative variables included in the model (namely: "S&P Rating" and
"Currency"), these were converted into numerical factors using the "encode" command.

The latter assigns a unique whole number (“n”") to each distinct subcategory within the
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qualitative parameters, starting from 1 and successively numbering each sub-class
progressively.

A particular focus is necessary for the variable “nSPRating” for the subsequent
assessment of its coefficient. It must be clearly stated that the software assigns the value
1 to the score "A" and increments numerically until reaching 14 for the score "CC".

In summary, Stata assigns increasing numerical values to decreasing (worsening) credit
ratings.

As for the quantitative variables, these naturally preserve their actual values as recorded
in the Excel spreadsheet.

The subsequent columns display the “estimated output coefficient” and its
corresponding standard error defined as “Std. err”. The former indicates the change in
the dependent variable for a one-unit variation (in a positive sense if the coefficient is
positive and vice versa) in the independent variable, keeping all other regressors
constant.

The standard error measures the variability of the coefficient estimate so, lower values
indicate more precise estimates.

Next, we consider the "t-statistic". High value of this indicator (typically greater than
+2) suggests that the coefficient is significantly different from zero, implying that the
independent variable has a significant effect on the dependent variable.

The notation “P>|¢#|” represents the so-called "p-value", which is the probability of
obtaining a t-statistic as extreme (or more extreme) if the null hypothesis were true.

This can be observed in Table 6, where to each output coefficient of the regression is
assigned a significance level’® using asterisks (stars).

The last two columns of Table 5 represent the 95% confidence interval defined by the

two extreme values showed in the table.

Table 6 presents the list of regressors’ analysis accompanied by their associated
coefficient values plus a final statistic “.cons” that indicates the intercept value of the

model. A statistically significant intercept indicates that, even in the absence of

7 The significance level (and consequently the number of stars) assigned to each coefficient, has been

determined by the Stata software following the common standard scheme described in Section 5.2 of
this document.

99



variations in the independent variables, the dependent variable holds a significant and
positive (in this case) baseline value.

Below each coefficient, the corresponding standard error is also reported in parentheses.

Table 6. The significance level associated with each coefficient in the OLS regression of

Green Bonds.

nSPRating 0.010
(0.006)
AmountOuts~g 0.000
(0.000)
Price -0.126%**
(0.005)
Coupon 0.880%**
(0.028)
Duration -0.028%**
(0.006)
nCurrency 0.269%**
(0.051)
_cons 12.867***
(0.444)

Source: Personal elaboration using dataset, Stata Software

It can therefore be asserted that four out of the six independent variables analysed
exhibit high significance and influence within the model assessing Green Bonds dataset.
More specifically, an increase of one percentage unit in the coupon rate is associated
with a 0.88 percentage point increase in the YTM variable.

There is also a notable correlation between the currency and the YTM, indicating that
the different currency significantly influences its yield.

In this specific investigation, we have adopted the EUR as the reference for the
independent variable, assigning dummy values to the other two currencies: "0" for the
GBP and "1" for the USD. To clarify further, the coefficient interpretation suggests that
increasing the "nCurrency" variable by one unit (shifting from the Euro to the US Dollar
or from the British Pound to the US Dollar) results in a 0.269 percentage point increase

in bond yield.

Regarding duration, an inverse relationship is identified: an increase of one unit in

duration corresponds to a 0.028 percentage point decrease in YTM. This result is also
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supported by real-world observations: when the yield increases, future cash flows are
discounted at a higher rate, reducing their present value. Consequently, coupons paid in
the future have a lower weight in the overall duration, allowing the investor to recover

the capital sooner in relative terms, thereby reducing duration.

A similar inverse relationship is found between the price and the dependent variable.
Specifically, an increase of one unit in price (expressed in one's own currency) leads to
a 0.126 percentage point decrease in YTM. This negative relationship aligns with both
financial practice and academic literature, which widely discuss the principle that the

lower the bond price, the higher its YTM (Grishunin and Bukreeva, 2022).

Let us now consider the two regressors that were not deemed significant by the model.
The amount outstanding is not relevant, as it has a high p-value. Consequently, the
magnitude of a given financial security in circulation does not explain its YTM.

On the other hand, it is necessary to assess the significance of the variable related to the
rating, as its p-value (0.124) is very close to the maximum tolerance threshold set by the
model (0.1). As a result, it is not classified as statistically significant and no stars have

been assigned but, the result, should not be entirely disregarded.

5.3.2 The Brown Bond dataset

Table 7. Output table of the OLS regression model for Brown Bonds.

Source SS df MS Number of obs = 436
F(6, 429) - 306.17
Model 656.835049 6 109.472508 Prob > F = ©.0000
Residual 153.391995 429 357557097 R-squared = 0.8107
Adj R-squared = 0.8080
Total 810.227044 435 1.8625909 Root MSE = .59796
YieldtoMaturity | Coefficient Std. err. t P>|t]| [95% conf. interval]
nSPRating .0207347 .0070722 2.93 0.004 .0068342 .0346352
AmountOutstanding -4.12e-10 8.95e-11 -4.60 0.000 -5.88e-10 -2.36e-10
Price -.0371466 .002155 -17.24 0.000 -.0413823 -.0329109
Coupon .4124887 .0227824 18.11 0.000 .3677097 .4572677
Duration .0012581 .0095298 0.13 0.895 -.0174727 .019989
nCurrency .8253251 .0504947 16.34 0.000 .7260774 .9245728
_cons 5.300784 .2306607 22.98 0.000 4.847418 5.75415

Source: Personal elaboration using dataset, Stata Software
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The first notable aspect is the difference in sample size compared to the green sample
(436 observations versus 222) as well as the variation in the R-squared and in the
adjusted R-squared values.

In particular, the adjusted R-squared is now approximately 0.80, indicating a strong
goodness-of-fit and model adaptability, even though with slightly lower significance

than the previous case.

Referring to Table 8, we can identify five highly significant variables within the
conventional bond assessment plus the constant term in the regression equation.

As previously observed, the coupon has a direct relationship with the YTM: a one-
percentage-point increase in the coupon corresponds to a 0.414 increasing in the

dependent variable.

Based on the previous explanation, the positive coefficient assigned to ‘“nSPRating”
indicates that an increase in the rating (assigned as a whole number value in Stata)
corresponds to a deterioration in the security’s S&P score, leading to a 0.02 percentage
point increase in YTM. This aligns with real-world observations, where financial
instruments with higher credit risk (or lower scores) tend to offer higher yields as
compensation for the increased risk taken.

Moreover, the amount outstanding is also highly significant concerning the brown
dataset and its negative coefficient suggests an inverse relationship with the yield. This
can be explained by the variable’s connection to liquidity: bonds with a high amount
outstanding tend to be more liquid, which in turn reduces liquidity risk, making them
more attractive to investors (Zerbib, 2019).

In practice, a higher amount outstanding results in a lower YTM, as investors are
willing to accept a lower yield in exchange for greater liquidity.

This outcome aligns with the relationship estimated by the OLS model.

Similarly, an inverse relationship is observed between price and the dependent variable.
Specifically, a one-unit increase in price (expressed in the respective currency) leads to

a 0.037 percentage point decrease in the dependent variable.
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Concerning the currency, we reach similar conclusions consistent with the previous
analysis, but with a more pronounced coefficient (0.8253) compared to the green

dataset.

Table 8. The significance level associated with each coefficient in the OLS regression of

Brown Bonds.

nSPRating 0.021%**
(0.007)
AmountOuts~g -0.000%**
(0.000)
Price -0.037***
(0.002)
Coupon 0.412%**
(0.023)
Duration 0.001
(0.010)
nCurrency 0.825%**
(0.050)
_cons 5.301%*x*
(0.231)

Source: Personal elaboration using dataset, Stata Software

5.3.3 The Matched dataset
Let us now consider the matched data sample obtained by merging the Green and the
Brown spreadsheets. As a matching criterion, we employed the "Direct Matching
Method", which is based on the direct comparison of data from both sample, allowing
for the identification of common aspects or exact correspondences based on specific

search criteria (detailed in Section 4.1 of this paper).

To further refine the analysis, we selected only emitters that have issued at least one
conventional security with a corresponding matched green.

Furthermore, it is now being introduced an additional dummy variable, referred to as
"GREEN". Within the matched dataset, this variable assigns a value of "0" to
conventional financial instruments and "1" to their corresponding sustainable green.
This approach resulted in a final whole sample of 492 fully comparable observations:

274 Brown Bonds and 218 Green Bonds both from 57 different issuers.
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The analysis will now focus on assessing the impact of this newly introduced variable
within the OLS regression model. This parameter will allow us to determine whether
the presence of a "Greenium" can be identified and, if so, to quantify its magnitude.

By running this new matched dataset through Stata software, the report shown in Table

9 was generated.

Table 9. Output table of the OLS regression model for Matched Bonds.

Source SS df MS Number of obs = 492
F(7, 484) = 276.22
Model 767.739738 7 109.677105 Prob > F = ©0.0000
Residual 192.176516 484 .397058917 R-squared = 0.7998
Adj R-squared = 0.7969
Total 959.916254 491 1.95502292 Root MSE = .63013
YieldtoMaturity | Coefficient Std. err. t P> t| [95% conf. interval]
nSPRating .0170888 .007115 2.40 0.017 .0031087 .0310689
AmountQutstanding -3.46e-10 9.14e-11 -3.78 0.000 -5.25e-10 -1.66e-10
Price -.0399595 .0022468 -17.79 0.000 -.0443742 -.0355449
Coupon .4616472 .0217372 21.24 0.000 .4189362 .5043582
Duration -.0007122 .0075774 -0.09 0.925 -.0156008 .0141764
nCurrency .7431818 .0486746 15.27 ©.000 .6475423 .8388214
GREEN -.097497 .060807 -1.60 0.110 -.2169754 .0219814
_cons 5.569424 .2336207 23.84 0.000 5.110387 6.02846

Source: Personal elaboration using dataset, Stata Software

Based on Table 9, the number of observations amounts to 492 while the independent
variables considered total seven: the six already analysed during the previous
investigation, plus the “GREEN” regressor specifically included for this specific
analysis.

Like the previous tests, the adjusted R-squared value is still high, indicating strong

model robustness, even with the inclusion of an additional regressor.

Table 10 provides a direct examination of the impact of each independent variable. In
this regression, the variables "Amount Outstanding", "Price", "Coupon" and "Currency"
remain statistically significant.

On the other hand, the "S&P Rating Score" demonstrates weaker significance, while

"Duration" shows no significant effect.
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Table 10. The significance level associated with each coefficient in the OLS regression

of Matched Bonds.

nSPRating 0.017**
(0.007)
AmountOuts~g -0.000%**
(0.000)
Price -0.040%**
(0.002)
Coupon 0.462%**
(0.022)
Duration -0.001
(0.008)
nCurrency 0.743%%*
(0.049)
GREEN -0.097*
(0.061)
_cons 5.569%**
(0.234)

Source: Personal elaboration using dataset, Stata Software

Interpreting the “GREEN” variable, we observe a p-value of 0.11, indicating moderate
but still relevant significance within the model.

This suggests that this newly introduced regressor helps explain the value of the YTM.
In summary, whether a bond is classified as green or brown influences its profitability.
The coefficient associated with the variable "GREEN," which is -0.097, indicates that
when a bond is classified as Green, it has a negative impact on the yield to maturity
(YTM), decreasing it by 0.09 percentage points.

This finding confirms the existence of the so-called "Greenium": a result consistent with
the majority of academic studies examined in chapter III.

Its economic interpretation remains clear: there is a trade-off between returns and
environmental sustainability investors that are, in fact, willing to sacrifice a small
portion of returns in exchange for the environmental benefits associated with green

assets (Bhattacharya, 2021).

To further strengthen this result, an additional analytical method is introduced.
Using the formula presented in Equation 12 and supported by the "t-test" method, we
conduct a more in-depth examination in order to verify the presence and the magnitude

of the Greenium.
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Equation 12 defines the so-called “Greenium effect” in a synthetic way as:

Greenium = YT Myousn — YT Mgreen (12)

where “YTMyrown” represents the profitability of a bond classified as "brown" (meaning
it is not environmentally sustainable) and “YTMg,...” refers to the profitability of a bond
classified as "green" (meaning it is sustainable and has a positive environmental
impact). A positive result value arising from this difference suggests the presence of the
Greenium.

Based on this definition, we implement the analysis using Stata software.

Table 11. Output table of the two-sample t-test concerning the YTM.

Group Obs Mean Std. err. Std. dev. [95% conf. interval]

0 436 4.4504 .0653605 1.364768 4.321938 4.578862

i 222 4.200439 .088234 1.314657 4.026551 4.374326

Combined 658 4.366066 .0527162 1.35225 4.262554 4.469579

diff .2499613 .111151 .0317066 .4682159

diff = mean(@) - mean(1) t = 2.2488

HO: diff = @ Degrees of freedom = 656
Ha: diff < @ Ha: diff != 0 Ha: diff > @

Pr(T < t) = 0.9876 Pr(|T| > |t]) = ©.0249 Pr(T > t) = 0.0124

Source: Personal elaboration using dataset, Stata Software

Table 11 provides a detailed examination comparing two groups of observations
(represented, as usual, with “0” for Brown Bond and “1” for the Green Bond dataset)
based on the Yield to Maturity (YTM) variable.

After determining the mean return for Brown Bonds (4.4504 with a standard error of
0.065) and for Green Bonds (4.2 with a standard error of 0.088), the difference between
the two is computed, following the approach outlined in Equation 21.

This calculation produces a disparity of 0.2499 percentage points.

This different magnitude is further confirmed by the 95% confidence interval (ranging

from 0.0317066 to 0.46821599) which pertains to the "combined" line and which
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excludes the zero, implying that the observed difference is, once again, statistically
significant.

Given the null hypothesis, set as Hy: diff = 0, and the three alternative hypotheses, we
can conclude that the two-tailed test (for H,: diff # 0) produces a p-value of 0.0249,
indicating moderate significance, which can be graphically represented with two stars
(%),

Regarding the one-tailed test (H.: diff > 0), the corresponding p-value is 0.0124,
indicating high significance (***) confirming that the difference is statistically
significant and, furthermore, that the mean of group "0" is significantly higher than that
of group "1".

In summary, Brown Bonds have a significantly higher average, meaning a yield to

maturity that is 0.2499 percentage points higher than that of Green Bonds.

5.3.4 Summary of the findings
To provide a clearer outline of the final results obtained from this empirical analysis, it
is essential to take into consideration the outputs of both models.
It is also important to specify that these results are highly dependent on the framework
established for this study (defined by the search criteria) and also on the two datasets
that were constructed.
In response to the first research question, we can now affirm that determinants such as
Creditworthiness (represented by the S&P Rating), Amount Outstanding (interpreted as
liquidity), Price, Coupon rate, Duration and Currency significantly influence the Yield
to Maturity of the Corporate Bonds and, consequently, the value of the Greenium.
On the other hand, variables like Industry and Country of issuance were not considered

significant determinants within this study.

Regarding the second research question, we can now conclude that the presence of the
Greenium has been confirmed in both statistical models adopted.

In the OLS linear regression model, this phenomenon appears to be weakly significant
with a coefficient of 0.097 whereas, in the second case, the t-test returns a higher coefti-

cient of 0.2499 which is to be regarded as moderately significant.
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The results align with the existing literature, particularly with studies such as Zerbib
(2019) that identifies a "small but statistically significant premium" and Backer et al.
(2018) which discovers "no significant Greenium".

However, the values obtained by both models and the significance level of the Greeni-
um, diverge considerably from the findings of Flammer (2021) who instead registers

"stronger Greenium evidence".
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Conclusions

At the end of this analytical investigation, it is possible to draw conclusions on the
“Greenium” phenomenon and its specific determinants, leveraging the enhanced

awareness gained through the examination of the various aspects addressed.

In Chapter I, it has been presented the concept and the general definition of Bonds
highlighting their distinctive characteristics as financial instruments. This in-depth
analysis has led to the conclusion that many of the key features of this tool are
interdependent. Furthermore, also macroeconomic factors significantly influence this
type of obligation due to their connection to the overall market trends.

Attention then shifted to the evolution of Green Bonds, from their introduction in 2014
to their current configuration by exploring aspects such as their market development,
the use of proceeds principle, their geographical distribution and the main issuers.

It was then observed that these sustainable tools are widely issued, within the
obligations market, mainly by financial and non-financial institutions followed by
government entities.

In addition, significant expansion has been also noted in developed markets and
particularly within the European context thanks to the substantial support provided by

the new regulatory incentives.

With a greater focus on Corporate Green Bonds, Chapter II presents a comprehensive
analysis of their market and the subsequent evolution in order to identify the main
reasons that drive issuers to place Green Bonds in the market.

Key motivations included the desire to contribute to environmental protection or other
ecological commitments as a moral purpose. Additionally, motivations linked to
economic diversification, aimed at creating a competitive advantage, were also
recognized. Other explanations were related to the intent to enhance the company's
reputation (as a firm committed to ESG principles) through the non-financial reporting;
the problem of “greenwashing” was also addressed. Then, from a geographical point of
view, the situation of the different continents and their approach to these types of green

instruments was defined, highlighting for each the most significant regional companies
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engaged in the sustainability sector. Firms such as Volkswagen Group, Iberdrola and
Enel are considered as leading issuers of Green Bonds in the European context.

Another key aspect explored is the role of the international and national regulations,
which have contributed to enhancing transparency and credibility among the investors
providing clear guidelines. The Green Bond Principles, developed by the International
Capital Market Association (ICMA), is utilized as a benchmark framework.

The discussion then shifts to Europe, characterized by a more structured and
continuously evolving regulatory and policy standards. Relevant adoption includes the
EU Taxonomy, the Sustainable Finance Disclosure Regulation (SFDR) and the
Corporate Sustainability Reporting Directive (CSRD).

However, the challenge of regulatory harmonization across different jurisdictions

remains.

Subsequently, as in any academic investigation, Chapter III of this paper was entirely
dedicated to the literature review.

This section, supported by a wide range of scholarly papers, provided a more structured
theoretical and conceptual framework in order to better understanding the phenomenon
of the Greenium, which has proven to be extensive.

It was then found out how numerous studies demonstrate a clear and significant
presence of the Greenium while others report insignificant or non-existent Greenium
effect, highlighting an equivalent level of profitability between green and brown
instruments.

It also became evident how certain determinants (commonly referred to as “drivers”)
significantly influence the value of the yield and, consequently, the magnitude of the
Greenium. These are represented by factors such as investor’s demand and preferences,
the level of liquidity and the type of market in which obligations are traded, as well as

the unique characteristics of the issuers and the extent of regulation implemented.

The first section of Chapter IV describes the “data acquisition process” conducted

through the Bloomberg platform, which provides reliable and up-to-date information.
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Two Excel spreadsheets were also constructed using standardized “search criteria”
extensively discussed, to ensure comparability between Green Bonds and Brown Bonds:
the former comprises 222 securities whereas the latter includes 436 securities.
Subsequently, the focus shifts to the data processing stage, which involved organizing
and presenting the collected data using tables and graphs; emphasis has been placed on
distinguishing between qualitative and quantitative variables (estimated also using
descriptive statistic).

We have also verified and confirmed that the two samples are balanced and

homogeneous, ensuring their suitability for the following empirical analysis.

The final chapter of this document presents the empirical analysis and, in the first sec-
tion, we have been introduced the two fundamental research questions of the study.

The first aims to identify the determinants influencing the Greenium also testing their
significance and the second examines if the Greenium effect is present within our sam-
ple and, once again, assesses its statistical and financial relevance.

Before employed them, specific econometric models were selected and justified based
on the study’s requirements and the characteristics of the dataset. Using Stata software,
various regressions and tests were conducted, generating output tables that summarize
the results.

After carefully discussing and examining the results, it has been established that the
Greenium is influenced by determinants such as the creditworthiness, the liquidity, the
price, the coupon rate, the duration and the currency. By contrast, variables like the in-
dustry and the country of issuance were not considered significant within this study.
Regarding the presence of the Greenium, the OLS linear regression model indicates that
this phenomenon is weakly significant, with a coefficient of 0.097 in percentage point.
Conversely, in the second case, the t-test returns a higher value of 0.2499, which can be

considered moderately significant.

It can therefore be concluded that, while the presence of a Greenium has been detected
(manifested in a slight yield differential between green bonds and traditional bonds) this
should not be interpreted merely in a strictly rational manner as an economic loss of a

few basis points. Rather, it is essential to consider the ultimate purpose of the
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sustainable financial instruments: in exchange for lower immediate profitability, they
generate tangible and long-term benefits for both the environment and the society as a
whole.

The growing interest of stakeholders in Green Bonds, driven by various factors such as
the steady increase in demand, the development of new categories of sustainable
financial instruments and the ongoing evolution of the regulatory framework covering
the sector, have made Green Bonds increasingly utilized tools.

This perspective reflects a wider shift toward sustainability, not only in cultural terms

but also within economic and financial frameworks.
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