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Abstract

To achieve net zero emissions by 2050, a $275 trillion investment is needed, with the private
sector playing a significant role. Green corporate bonds are a popular financing method, having
grown to 6% of global corporate bonds in 2021. Despite their potential, green bonds face
challenges, such as lack of standardization, high costs, and greenwashing risks. Tokenization
through Security Token Offerings (STOs) can increase demand and supply for green bonds by
enabling fractional ownership, eliminating intermediaries, and improving transparency with
blockchain technology and 10T sensors. This drives demand, increases liquidity, and reduces
greenwashing risk. STOs also allow smaller investments and finance access for SMEs.

This study employs a multi-criteria decision-making model to select a blockchain platform for
STOs in green bonds. The process involves identifying platforms, defining features, evaluating
suitability, and selecting the platform that best aligns with green bond STO requirements.



Examensarbete

Titel Utnyttja blockchain-teknik i gron finans

Forfattare Hooman Maleki

Institution Fastigheter och Byggande

TRITA nummer TRITA-ABE-MBT-23255

Handledare Bertram Steininger

Nyckelord Gron finans, blockchain, tokenisering, Erbjudande av sékerhetstoken,

Sammanfattning

For att uppna netto nollutslapp till 2050 krévs en investering pa 275 biljoner dollar, déar den
privata sektorn spelar en betydande roll. Groéna foretagsobligationer &r en populér
finansieringsmetod, som vaxte till 6% av de globala foretagsobligationerna 2021. Trots deras
potential star grona obligationer infor utmaningar, som brist pa standardisering, hdga kostnader
och risker med greenwashing. Tokenisering genom Security Token Offerings (STOs) kan oka
efterfragan och tillgadngen pa grona obligationer genom att mojliggora brakagande, eliminera
mellanhander och forbattra transparensen med blockkedjeteknik och loT-sensorer. Detta driver
efterfragan, okar likviditeten och minskar risken for greenwashing. STO tillater ocksa mindre
investeringar och finansieringsatkomst for sma och medelstora foretag.

Denna studie anvander en flerkriteriemodell for beslutsfattande for att vélja en
blockkedjeplattform for STO i grona obligationer. Processen innefattar identifiering av
plattformar, definition av funktioner, utvardering av lamplighet och val av den plattform som
bast dverensstammer med kraven for grona obligationers STO.
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1. Introduction

The Paris Agreement highlights the significance of aligning financial flows with the goal of reducing
greenhouse gas emissions and promoting climate resilience (UNFCCC, 2015). According to the World
Bank (IFC, 2016), an estimated $4 trillion in investments is needed annually to achieve this, but only
35% of this amount is currently available, resulting in a $2.5 trillion shortfall. To overcome the
constraints of limited public budgets, new and inventive financial tools are required to increase private
financing and bridge this gap. One such solution is blockchain technology, which has been recognized
for its potential to lower transaction costs and increase private financing through the use of tokenized
securities in Security Token Offerings (STO).

1.1 Background

Tokenization of assets is the process of making a security token based on the blockchain that represents
a fractional share of ownership of an asset (Baum, 2021). These tokens can be offered through the
security token offering (STO). STO is a new form of Initial Coin Offering (Richard, et al., 2021). The
initial coin offering (ICO) is a popular method of fundraising among start-ups in which companies
raise funds by selling a new cryptocurrency coin. Investors may buy coins in the belief that the value
of the cryptocurrency will rise, or they may buy for the company's services (Da Rin & Hellmann,
2020). While many ICOs ended with scam projects STO presents a new possibility to deliver a more
safe and more trustworthy token/coin offering process by including regulators and auditors (Richard,
et al., 2021). The use of STOs has the potential to boost both the demand and supply for green bonds.

On the demand side, one of the key benefits of tokenizing green bonds is that it can facilitate the
investment process. Tokenization allows for fractional ownership of assets, meaning that ownership
can be divided into smaller units, making it easier and more accessible for people to invest in these
assets. By allowing for fractional ownership, tokenization can make it possible for a larger number of
investors to participate in these investments (Schletz, et al., 2020). Another benefit of tokenizing green
bonds is that it can increase the availability and accessibility of these assets for trading. Tokenized
bonds can be traded 24/7 on blockchain networks, allowing for a more liquidity and accessible market
for these investments. This increased accessibility can help to drive demand for green bonds and
increase their liquidity, making it easier for investors to sell these assets (Nassiry, 2018). Tokenization
can also reduce barriers to entry for investors by eliminating the need for intermediaries and
streamlining the investment process. This can make it easier and more cost-effective for people to
invest in green bonds, which can help to increase the overall demand for these investments (Naderi &
Tian, 2022). Finally, tokenization can improve the transparency and security of transactions involving
green bonds. By using automated data collection and combining it with Internet of Things (loT)
sensors, blockchain technology can decrease the cost of transactions and increase the transparency and
credibility of data (Sanderson, 2018). The added transparency provided by blockchain technology can
increase confidence among investors in overseas investments, while simultaneously reducing the risk
of greenwashing and transaction costs.

On the supply side, STOs allow for smaller investment sizes and provide access to finance for SMEs
that have been excluded due to the size restrictions of green bonds and other financing mechanisms.
Typically, STOs require investments starting at $3 million to $5 million, while green bonds require

1



minimum investments of $100 million (Ma et al., 2016) to $500 million (Chiang, 2016). The
availability of funding for SMEs results in an increase in the number of bankable projects. These
projects can be grouped together into a portfolio, reducing investment risk through diversification, and
making it possible for investors with limited liquidity to participate.

1.2 Purpose

The purpose of this research is to explore two key areas within the realm of green finance. The first
research question aims to investigate how tokenization can be leveraged to facilitate investment in
green bonds, which are becoming increasingly popular among environmentally conscious investors.
The study will explore the potential benefits of using tokenization to create more accessible and
efficient pathways for investors to access green bonds. The second research question seeks to identify
the most suitable blockchain platforms for conducting a Security Token Offering (STO). The study
will explore the different blockchain platforms available and evaluate their strengths and weaknesses
in terms of their suitability for conducting STO.

1.3 Research questions

Based on the introductory section and the purpose behind selecting the topic, the author will aim to
answer a question that forms the focus of this paper.

e How can tokenization facilitate investment in green bonds?
e What are the most suitable blockchain platforms for conducting a Security Token Offering in
the context of green bonds?

1.4 Structure of the thesis

The paper is organized into several chapters. Chapter 2 provides a literature review of previous
academic studies that have examined bond market, regulatory framework in green bonds, blockchain
technology, smart contracts, and security token offerings in relation to financial investments in green
bonds. In Chapter 3, the research method used to address the research questions is described, including
an explanation of SWOT analysis and Multi Criteria Decision Making model. The results of the SWOT
analysis and the MCDM model are presented in Chapter 4 in detail, and these results will be analyzed
and discussed in Chapter 5 in connection with previous findings. Chapter 6 presents the paper's
conclusions, summarizing the most important points for the reader.



2. Literature review
2.1 Bond

Bond is a type of debt instrument that enables governments, corporations, and other organizations to
raise capital from investors. Bonds are typically issued with a fixed term, and during this period, the
bondholder receives regular interest payments, usually semi-annually or annually, until the bond
reaches maturity. A bond typically makes two types of payments to its holder: coupon payments and
the principal or face value repayment. The coupon payments are the interest payments promised by
the issuer of the bond to the bondholder, and they are usually made periodically, such as semi-annually
or annually, until the maturity date of the bond. The coupon rate, which is expressed as a percentage
of the face value of the bond, is specified in the bond certificate and determines the amount of each
coupon payment. The principal or face value of the bond is the notional amount that is used to compute
the coupon payments, and it is the amount that the issuer promises to repay to the bondholder at
maturity. The face value of the bond is also typically specified in the bond certificate, and it is the
amount that the investor pays to purchase the bond. When the bond reaches maturity, the issuer pays
the face value to the bondholders, completing the bond's contractual obligation (Berk & Demarzo,
2016).

2.2 Green Bond

Green bonds are similar to conventional bonds in terms of seniority, recourse, and rating, but their
proceeds are specifically designated for projects that benefit the environment and combat climate
change, such as investments in clean energy, energy efficiency, green buildings, or electrified
transportation (Loffler, et al., 2021). The difference between green and conventional bonds reside in
the "green promise™ that the proceeds from the green bond will be used for environmentally conscious
investments. To ensure this, green bonds may rely on third-party certification or the trust of investors
(Caramichael & Rapp, 2022). Despite the recent growth in this market, it continues to face challenges,
including the absence of clear definitions for green projects, which leads to uncertainty and increased
costs for both issuers and investors (DG FISMA, 2018).

Different types of green bonds are available in the market, and they vary based on the issuer, risk
exposure, and the type of backing asset. Here are some of the main types of green bonds (OECD,
2016):

1. Corporate Bond: This is a bond issued by a corporate entity that is backed by the issuer in case
of default on interest payments or the return of principal. These bonds are usually designed to
fund the issuer's sustainability initiatives.

2. Project Bond: A project bond is backed by one or more projects, exposing the investor directly
to the associated project risks., with or without recourse to the bond issuer. These bonds are
typically used to finance large-scale infrastructure projects that are aimed at reducing
greenhouse gas emissions and promoting sustainable development.

3. Asset-Backed Security (ABS): An ABS is a bond collateralized by one or more specific projects.
Typically, these bonds offer recourse only to the assets involved, unless they are covered bonds,
where the primary recourse is to the issuing entity, with secondary recourse to an underlying
cover pool of assets, in the event of default of the issuer.
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4. Supranational, Sub-Sovereign and Agency (SSA) Bond: International financial institutions such
as the World Bank and the European Investment Bank (EIB) are the entities responsible for
issuing these bonds. These bonds are like corporate bonds regarding the use of proceeds and
recourse to the issuer.

5. Municipal Bond: These bonds are issued by a municipal government, region, or city. These
bonds are designed to finance local sustainability projects, such as renewable energy
infrastructure, green buildings, and public transportation.

6. Financial Sector Bond: These are corporate bonds issued by financial institutions to raise
capital specifically to finance "on-balance sheet lending.” These bonds are designed to support
sustainability initiatives within the financial sector, such as financing energy-efficient
buildings and providing loans for green technology projects.

These bonds can be issued by corporations, municipalities, international financial institutions, and
financial sector companies. The types of green bonds available provide investors with an opportunity
to support sustainability initiatives in a way that aligns with their investment objectives.

2.3 Green Bond Standards

Green bond standards are guidelines and frameworks that help ensure the proper issuance,
management, and reporting of green bonds. In this section, we will explore the key features and
objectives of various green bond standards, such as the Green Bond Principles and the EU Green Bond
Standard. By reviewing these standards, we aim to provide a comprehensive understanding of their
role in promoting transparency, investor confidence, and the transition towards a more sustainable
finance.

2.3.1 Green Bond Principle

Green Bond Principle (GBP) is a set of voluntary guidelines that aim to promote transparency,
integrity, and disclosure in the Green Bond market (ICMA, 2015). The GBP provide guidance to
issuers, investors, underwriters, and other market participants involved in launching a credible Green
Bond. The GBP encourage the use of a summary reflecting the main characteristics of a green bond to
provide market information at the time of issuance (ICMA, 2015).

2.3.1.1 Use of Proceeds

The main element of a Green Bond is the way in which the funds raised from the bond are used, which
must be clearly defined in the legal documentation for the bond. All projects designated as Green
Projects should have significant environmental benefits that are clearly stated by the issuer, with efforts
made to quantify or evaluate these benefits where possible. If a portion of the bond's proceeds may be
used for refinancing, it is recommended that issuers provide an estimate of the percentage of financing
versus refinancing and specify which specific investments or project portfolios may be refinanced, as
appropriate (ICMA, 2015).

2.3.1.2 Process for project evaluation and selection

The green bond issuer should describe the process used to decide which projects are eligible to receive
funding from the bond. This should include information on how the projects fit into the eligible green
4



projects categories as defined by the Green Bond Principles, as well as the criteria used to determine
eligibility and the environmental sustainability objectives of the projects. The Green Bond Principles
prioritize transparency and therefore recommend that a second party review the process for project
evaluation and selection to ensure accountability.

2.3.1.3 Management of Proceeds

The funds raised from green bonds should be allocated to a distinct sub-account or portfolio and
monitored by the issuer through a formal internal process that is interconnected with the issuer's
lending and investment activities for green projects. The balance of the tracked proceeds should be
periodically reduced by amounts that match the investments or loan disbursements made for eligible
Green Projects during that period, if the green bonds are outstanding. If there are unallocated proceeds,
the issuer should disclose the intended types of temporary investment instruments to investors. The
Green Bond Principles prioritize transparency and recommend that an auditor or other third party be
used to verify the internal tracking method and allocation of funds from the Green Bond proceeds.

2.3.1.4 Reporting

Issuers of green bonds should provide an annual report that includes a list of projects to which the
Green Bond proceeds have been allocated. This report should include a brief description of the
projects, the amounts disbursed, and the expected environmental impact. The Green Bond Principles
recommend the use of both qualitative and quantitative performance indicators to measure the
environmental sustainability impact of specific investments. If confidentiality or competition issues
limit the amount of detail that can be provided, the information can be presented in general terms.

2.3.2 EU Green Bond Standard

The issuance of green bonds in the European Union has surged in recent years, witnessing a five-fold
growth in the last 5 years. The EU has established itself as a global leader in this field, accounting for
51% of the total global issuance of green bonds in 2020, through companies and public bodies within
the region. The euro is also a desirable currency for green bond issuers worldwide, as 49% of global
green bonds issued in 2020 were denominated in euros. Despite these positive statistics, the current
green bond issuance in the EU still constitutes only 2.6% of the overall bond issuance in the region
(DG FISMA, 2018). The potential for further expansion in the market for high-quality green bonds
could provide a substantial source of green investment, aiding in the attainment of the European Green
Deal objectives.

The European Commission (EC) has taken a significant step towards promoting sustainable finance
by publishing its Action Plan on Financing Sustainable Growth in March 2018 (EU GBS, 2019). The
Action Plan aims to establish a comprehensive strategy to connect finance with sustainability. As part
of Action 2 in the Action Plan, the European Commission made a commitment to establish standards
and labeling for financial products that are environmentally sustainable (EU GBS, 2019). To achieve
this, the EC set up the Technical Expert Group on sustainable finance (TEG) in June 2018, comprising
35 members from various sectors, including civil society, academia, business, and finance, as well as
additional members and observers from the EU and international public bodies. The TEG proposes
that any type of bond or capital market debt instrument issued by a European or international issuer
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that is aligned with the EU Green Bond Standard (EU GBS) should qualify as an EU Green Bond (EU
GBS, 2019). The EU GBS model developed by the TEG provides principles and criteria to identify
and verify green projects, allowing investors to differentiate between green and non-green financial
products. This standard aims to provide transparency and increase investors' confidence in green
financial products, which, in turn, would encourage more investment in environmentally sustainable
projects.

An EU Green Bond is a type of bond or debt instrument issued by any European or international issuer,
which meets the requirements of the EU Green Bond Standard (EU GBS). The EU GBS is a set of
criteria developed by the European Union to promote sustainable investments and support the
transition towards a low-carbon economy. The first requirement for an EU Green Bond is that the
issuer must have a Green Bond Framework in place, which confirms the alignment of the bond with
the EU GBS. This framework should outline the environmental objectives that the bond is intended to
support and the criteria that will be used to evaluate the eligibility of green projects (EU GBS,
2019).The second requirement is that the proceeds of the bond, or an equivalent amount, must be
exclusively used to finance new or existing green projects that meet the requirements set out in the EU
Taxonomy. Green projects are defined as those that contribute substantially to at least one of the six
environmental objectives of the EU Taxonomy Regulation (EU GBS, 2019).

In addition to contributing to these objectives, green projects must also comply with minimum
safeguards and technical screening criteria. These criteria are intended to ensure that green projects do
not significantly harm any of the environmental objectives listed above, and that they meet high
standards for environmental protection and sustainability (EU GBS, 2019). The EU GBS is a valuable
tool for ensuring that green bonds are issued in a transparent and consistent manner, and that the funds
raised are used for genuine green projects that meet high environmental standards. The EU GBS has
also helped to create a common language and set of standards for sustainable investments across the
European Union, which has facilitated the growth of the green bond market and helped to promote
sustainable development across the region.

2.4 Blockchain technology

Blockchain is a secure distributed peer-to-peer architecture that decentralizes governance and
eliminates the need for trusted third parties to establish transactional relationships (Lage, et al., 2022).
There are different ways to describe blockchain in the literature, and there is some confusion about the
terms (Saari, et al., 2022). Blockchain is a decentralized transaction and data management system that
was first made for the Bitcoin cryptocurrency in 2008 (Saari, et al., 2022). The emergence of bitcoin
in 2008 not only introduced the first decentralized cryptocurrency but also led to the creation of
blockchain technology, which gave birth to a new generation of decentralized technologies. After the
global recession, Bitcoin led a financial revolution that led to a new economic system based on
blockchain technology and decentralization (Simons & Simons, 2022). Blockchain is a long list of
digital records, or "blocks,"” that are linked together using cryptography, each block can be checked
and is almost impossible to change. They are usually shared and managed in a peer-to-peer network.
The blockchain makes transactions possible without an intermediary (Yli-Huumo, et al., 2016). This
makes the system transparent, tamper-proof, and secure, which can lead to new consumer and business



solutions (Saari, et al., 2022). Thus, blockchain technology moves the centralized ledger system that
has always been based on a single book into the digital world (Kreppmeiera, et al., 2022).

2.4.1 DeFi & Smart contract

Decentralized finance (DeFi) is a new paradigm in finance that enables the use of blockchain
technology to create a more open, transparent, and permissionless financial system (Simons & Simons,
2022). DeFi applications are built on decentralized platforms and protocols that allow users to interact
peer-to-peer (P2P), bypassing traditional intermediaries such as banks and financial institutions. One
of the most significant barriers to implementing decentralized finance (Defi) is determining how to
keep a ledger of transactions, even if they are very small (Szabo, 1997). In this context, smart contracts
have emerged as one of the most significant innovations. The first idea of smart contracts was
introduced by (Szabo, 1997) he defined smart contracts as automatically executed transaction
protocols. (Buterin, 2013) the creator of Ethereum proposed smart contracts based on blockchain
technology and stated that if the predetermined conditions are met, smart contracts automatically
execute without the intervention of third parties such as banks, and exchanges. Whether the transaction
involves $1 million or $1, a smart contract enables funds to be transferred, spent, or lent without human
intervention (Simons & Simons, 2022). As the characteristics of blockchain vary depending on the
application, smart contracts are used to integrate the business logic with the blockchain network (Joshi
& Choudhury, 2022). Blockchain and smart contracts can reduce asymmetric information and improve
consumer surplus and welfare (Cong & Zhiguo, 2019).

Smart contracts can be used to create and trade tokens, which are digital versions of real-world assets
in a timely and cost-effective manner (Baum, 2021). As with other forms of ownership, like stocks or
funds, a token can have value, rights, and obligations (Kreppmeiera, et al., 2022). Tokens are
categorized as security tokens that grant access to ownership, utility tokens that grant access to use, or
hybrid tokens that grant access to both ownership and use (Baum, 2021). There is a distinction to be
made between utility tokens and security tokens in this context. In general, utility tokens are issued
prior to the development of any product, whereas security tokens can be issued at any stage of a firm's
development, regardless of the firm's development stage. (Lambert, et al., 2022). In the world of
security tokens, we should also differentiate between equity tokens, like traditional stocks, and debt
tokens, like bonds on the blockchain.

2.4.2 Token vs Cryptocurrency

In Distributed Ledger Technology (DLT), a token is a digital record that belongs to the user and is
created using a security mechanism called public-key cryptography (Konashevych, 2020). Although
tokens are like cryptocurrencies, they are distinct from them. In general, tokens are built on top of
cryptocurrency and require users to burn some coins and apply scripts to create them. Hence, tokens
require the underlying cryptocurrency (such as Ether in Ethereum) to be present in the system for their
creation and execution. However, there are instances where tokens and cryptocurrencies are used
interchangeably, and there are DLTs that create tokens without any native cryptocurrency
(Konashevych, 2020). In this range of technologies, it is essential to identify key characteristics that
are shared among them and may be relevant for establishing ownership rights.



Creation: token and cryptocurrency are two fundamental elements in blockchain technology, which
differ in the way they are created. The ownership of both tokens and cryptocurrency is maintained via
the user's private key. However, cryptocurrencies (or coins) are generated through a competitive
process where independent nodes in the network utilize a mathematical protocol to determine which
node can create the next block. The protocol governs the distribution of coins to a node that
successfully wins the mining competition. On the other hand, tokens can be generated by any user
independently, without the need for consensus from the network. Nevertheless, the consensus remains
critical to maintaining the ledger where the tokens are stored (Konashevych, 2020).

Value: Blockchain technology has become a prominent aspect of the digital world, and cryptocurrency
and tokens are two fundamental elements that differ in their economic value. Cryptocurrency
represents a value in itself. Coins distributed to winning miners in the mining race reflect the collective
effort and material costs expended by miners in their competition to create them. It is valuable because
it creates a decentralized and self-governed infrastructure with an immutable ledger, making it a robust
and secure system. On the other hand, tokens derive their economic value from the property rights they
represent. Users define the value of a token, which is reflected in the data it carries. The use of tokens
provides an avenue for the representation of property rights, a concept that is widely applicable in
various industries, including real estate and finance. Despite the differences in their economic value,
both tokens and cryptocurrency are protected by the immutability of the ledger, making them secure
and efficient solutions for various digital applications (Konashevych, 2020).

2.4.3 Tokenized securities

Tokenised securities are an innovative new financing and capital raising model that brings the benefits
of blockchain technology to the traditional securities lifecycle. Tokenised securities involve the
issuance of digital tokens that represent ownership of underlying assets, such as shares in a company,
bonds, or real estate. The tokens are stored on a blockchain, which provides an immutable and
transparent record of ownership and transfer. Because tokenised securities are generally regulated as
securities, they offer the opportunity to bring greater degrees of trust and support to the digital asset
marketplace. Regulators can ensure that issuers comply with existing securities laws and that investors
are protected. This can help to build confidence in the market and encourage wider adoption of
tokenised securities.

Tokenised securities offer numerous advantages over traditional securities (Bank for International
settlement (BI1S), 2021), including:

1. Tokenized securities can provide increased speed of settlement. While traditional securities can
take up to two days to settle, tokenised securities can be settled instantly or within a matter of
minutes. This is because blockchain technology allows for real-time information symmetry,
enabling much of the settlement process to be automated and completed in parallel, reducing
delays caused by sequential processing.

2. Tokenized securities offer automated compliance. Smart contracts can be used to program
compliance with regulations, automating much of the regulatory compliance burden. For
instance, tokens can be programmed only to be transferable to specific wallets, restricting
transfer of the token to ineligible counterparties, and thus mitigating risks.
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3. Tokenized securities offer globalised markets. Because tokens exist only in digital form, they
can be accessed via the internet, enabling them to be issued and traded globally.

4. Tokenized securities provide 24/7 trading. Traditional securities have strict trading hours on
business days only, but tokenised securities can trade and settle 24/7, enabling investors to
trade on news and developments over the weekend, thus eliminating these inefficiencies.

5. Tokenized securities offer transparency. Transactions on the blockchain are immutable,
providing an accurate record of ownership of securities, which is important for transparency
and maintaining an accurate record of ownership.

6. Tokenized securities offer programmable features. Smart contracts can automate dividend pay-
outs, ease voting processes, automate vesting periods, and more, providing greater efficiency
and reducing costs.

7. Tokenized securities provide increased efficiencies and cheaper fees. Blockchain and smart
contracts lead to increased internal efficiencies for financial institutions, some of which will be
passed on to end issuers or investors. This also enables financial institutions to serve smaller
deals, which was previously infeasible, resulting in lower trading costs.

There are four key players involved in tokenised securities. Each of these players must consider various
factors when dealing with tokenised securities (Bank for International settlement (BIS), 2021).

Issuers must consider regulatory support, licensing and selling/on-selling restrictions, and the
mechanics of the issuance. They must also consider blockchain selection, exchange possibilities, and
suitable investors who are already familiar with such offerings.

Managers, underwriters, and advisers must be more heavily involved in the mechanics of the issuance
and be ready to provide advice on blockchain selection, exchange possibilities. They must also spend
time educating investors before their participation in the offering.

DLT technology providers must select the blockchain platform to be utilized and tailor the proposed
token and underlying smart contract tied to the offering. They must consider whether such technology
is developed in-house or outsourced and understand the associated third-party and smart contract risks
involved.

Registrar, custodians, trustees, depositaries, and distributors must consider whether the 'bond register’
can be tokenised and whether the laws of the issuer's jurisdiction accommodate digitisation of each
step of the bond issuance and securities transfer process. They must also consider the possibility of
removing different layers of intermediaries between issuers and investors for a more efficient primary
issuance process and post-issuance servicing of the security.

2.5 Security Token Offering (STO)

In recent years, Initial Coin Offering (ICO) has become a popular method for raising funds in the
cryptocurrency market. During its peak in 2017-2018, ICO raised about $140 million from over 2,000
projects (Richard, et al., 2021). However, the ICO market was plagued by a lack of regulation and
numerous scams, which resulted in many investors losing their money. In a report by Satis Research,
78% of 1COs were identified as scams, 4% failed, 3% went dead, and only 15% traded on an exchange
(Dowlat, 2018). After 1ICOs were criticized for not protecting investors and having a lot of fraud,

9



security tokens issued through STOs became a new and more reliable way to invest (Kreppmeiera, et
al., 2022). The basic idea behind STOs is to raise funds through the public in exchange for tokens or
other financial instruments. This is not a new idea, as an initial public offering (IPO) does the same
thing. The primary advantage of STOs is the blockchain technology underlying them, which provides
transparency, pseudo-anonymity, finality, and security (Ante & Fiedler, 2020). As an alternative
method for firms to raise external capital, security tokens are issued through Security Token Offering
(STO) and represent an investment product. Utility tokens are issued through Initial Coin Offering
(ICO) and are initially intended to support and develop a community-based ecosystem by granting
users consumption rights. Thus, STOs are comparable to equity-based crowdfunding, while ICOs are
comparable to reward-based crowdfunding (Lambert, et al., 2022).

The successful implementation of tokenization requires two essential blockchain technologies - smart
contracts and distributed ledger technologies - which are responsible for reducing the cost and
enhancing the process efficiency. If these disruptive technologies are not available, fractional
ownership becomes impossible due to the significant administrative, transactional, and reporting costs
involved (Chow & Tan, 2022). Academics and practitioners have highly praised the benefits of
tokenization, recognizing its potential to improve liquidity, fractional ownership, operational
efficiency, investment flexibility, reduce compliance and verification costs, enable instant transaction
settlement times, and provide transparency and permanence of information (Chow & Tan, 2022).

One of the significant advantages of both ICO and STO is that they occur on the blockchain, making
transactions transparent and auditable by default. Regulators and auditors don't need to worry about
the completeness of the transaction data since it's all recorded on the blockchain. Anyone can see all
transactions on the blockchain through a search engine like web page in the public blockchain,
commonly known as an explorer. Tokens offer a significant advantage by providing potential liquidity
through the ability to trade them in peer-to-peer networks and centralized or decentralized exchanges
as a means of decentralized finance (Kreppmeiera, et al., 2022). This technology enables the token
issuer to raise capital at a lower cost and much faster while also having access to a global pool of
investors through online platforms. Besides, the securitization process is less regulated, and disclosure
requirements are lower. Tokenization also promotes transparency in transactions while reducing
transaction times and costs, as third-party expenses like broker fees or notary fees are much lower.
Additionally, clearing and settlement occur much faster and can be done 24/7 (Kreppmeiera, et al.,
2022).

However, the anonymity of public blockchains creates a problem for STOs related to user integrity
and KYC (Know Your Customer). Private blockchains could offer more reliability since they have
limited access and more control over blockchain data. However, private blockchains have a
disadvantage in decentralization, which goes against the main concept of blockchain (Richard, et al.,
2021). In general, security tokens are classified as traditional securities and are subject to security laws.
All security tokens are classified as regulated securities and are treated as investment products
(Kreppmeiera, et al., 2022). In certain jurisdictions, like the United States, utility tokens are
categorized as "regulated securities” despite being a distinct product category separate from traditional
investment products (Lambert, et al., 2022).
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2.6 STOs regulatory

Investment offerings for tokenized securities must comply with the relevant legislation in the issuer's
country. Most tokenized securities are issued following the rules outlined in the EU Prospectus
Regulation and the SEC's Regulation D. This allows the issuer to target accredited investors from the
US and Europe while also raising funds from non-accredited investors in applicable regions where the
law permits. It's worth noting that 35% of customers consider multiple regulations when conducting
tokenization. This ensures that they comply with all applicable laws and regulations to protect the
interests of investors and maintain the legitimacy of their offerings.

Regulation D is a set of rules under the Securities Act of 1933 that provides exemptions from the
registration requirements for certain types of securities offerings (SEC, 1993). The exemptions are
designed to make it easier and less costly for companies to raise capital from accredited investors
without having to go through the time-consuming and expensive process of registering their securities
with the Securities and Exchange Commission (SEC).

There are three rules under Regulation D (SEC, 1993):

e Rule 504: This rule provides an exemption for offerings of up to $5 million of securities in a
12-month period. There are no restrictions on the number or type of investors that can
participate in the offering, but the securities cannot be resold for a period of six months to a
year.

e Rule 506(b): This rule provides an exemption for offerings of any size to accredited investors,
and up to 35 non-accredited investors who have a pre-existing relationship with the company.
There are restrictions on the type of information that can be provided to non-accredited
investors, and the securities cannot be advertised or marketed to the general public.

e Rule 506(c): This rule is similar to Rule 506(b), but it allows for general solicitation and
advertising of the securities offering. However, all investors must be accredited investors, and
the company must take reasonable steps to verify their accreditation status.

Companies that rely on these exemptions must file a notice with the SEC and comply with certain
disclosure requirements, such as providing investors with a private placement memorandum or other
offering documents that contain information about the company, the securities being offered, and the
risks associated with the investment.

The issuance of security tokens under a Security Token Offering (STO) in the European union would
be subject to The Prospectus Regulation. The Prospectus Regulation is a regulation adopted by the
European Union (EU) in 2017 that came into effect on July 21, 2019 (Prospectus Regulation, 2017).
The regulation is designed to create a single set of rules for the preparation, approval, and distribution
of prospectuses for securities offerings in the EU. A prospectus is a legal document that companies
must provide to potential investors when they are issuing securities, such as stocks or bonds, that
outlines key information about the investment opportunity, including financial statements, risks, and
terms and conditions of the investment.
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According to the (Prospectus Regulation, 2017), "securities™ refer to transferable securities as defined
in point (44) of Article 2 of (Prospectus Regulation, 2014), which includes:

a) Shares in companies and other securities equivalent to shares in companies, partnerships or
other entities, and depositary receipts in respect of shares.

b) Bonds or other forms of securitized debt, including depositary receipts in respect of such
securities.

c) Any other securities giving the right to acquire or sell any such transferable securities or giving
rise to a cash settlement determined by reference to transferable securities, currencies, interest
rates or yields, commodities or other indices or measures.

except for “money market instruments” which are defined as those classes of instruments that are
normally traded in the money market, such as treasury bills, certificates of deposit, and commercial
papers (Prospectus Regulation, 2014).

An important point to consider when evaluating Security Token Offerings (STOs) is whether the
tokens being offered are classified as securities or their equivalent. To determine this, one must
consider whether the STO tokens fall under any of the types of securities described in the definition
outlined in points (a) to (c). For instance, if the STOs being offered share characteristics with equity
securities, it could be argued that they may confer rights like those of shares. Therefore, such STOs
could potentially fall under the category of "other securities™" in paragraph (a) of the definition. It can
also be argued that STOs with debt-like characteristics, such as those that offer a fixed income stream
or repayment of principal, could be classified as "other forms of securitized debt" under paragraph (b)
of the definition.

2.7 STO process

The STO process typically consists of six distinct phases, each of which plays a crucial role in ensuring
the success of the offering. These six phases include preparation for capital raising, design of the
offering, making technology decisions, selecting financial service providers, capital raising, and
finally, listing the security tokens on suitable exchanges (Lambert, et al., 2022).

In Phase One, a team begins by outlining the business case for their security token offering, which
may involve a new venture or tokenizing an existing investment product. At this stage, the team
considers appointing advisors to produce a whitepaper and provide input on technology service
provider selection. These advisors can also assist in validating assumptions and preparing an investor
pitch, enabling the team to determine their financing needs and identify their target market.

During Phase Two, the team selects a corporate financial advisor and a lawyer to assist in the design
of the offering. The corporate financial advisor, with expertise in the STO process, can provide
guidance on security structuring, offering duration, and token valuation. Meanwhile, the lawyer
provides expertise on securities laws and distributed ledger technologies (DLTSs), advising on matters
like STO regulations and investor requirements. The team then finalizes the offering documents with
the help of their advisors.
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In Phase Three, technology decisions are made, including the selection of a suitable blockchain
platform. This decision should consider factors such as demand-side and supply-side adoption,
platform's capability of showing the lifecycle of securities, and settlement finality.

Phase Four entails the process of selecting various financial service providers, such as brokers, transfer
agents, custodians, and payment processors. These providers play crucial roles in the sale of securities,
overseeing token issuance, safekeeping tokens, and facilitating fiat payments related to the capital
raising.

In Phase Five, the team begins the capital raising activity by identifying a cornerstone investor and
marketing the offering. They organize meetings with investors, share offering documents, and engage
in various marketing activities to generate further interest in the security token.

After marketing, the actual financing takes place in Phase Six. Interested investors sign the appropriate
offering documents and wire their funds to the issuer. Upon meeting all clauses in the offering
documents, tokens are distributed to investors' wallets. The final step in this phase is the listing of the
security token on suitable exchanges. This process involves extensive disclosures and is accompanied
by marketing efforts to generate further interest in the token.

2.8 Bond issuances with blockchains

In recent years, there has been increasing interest in using blockchain technology to issue and trade
bonds and other debt products (HSBC, 2019). Some financial institutions have already started
experimenting with blockchain-based bonds and debt products, which use distributed ledger
technology to improve transparency, efficiency, and security. Blockchain-based bonds can offer
several potential benefits, such as automated coupon payments using digital assets, automated impact
reporting, and streamlined KYC processes. By using blockchain technology, issuers can potentially
reduce administrative costs, eliminate intermediaries, and enhance the speed and transparency of bond
issuance and trading.

Year Issuer Amount (million) Platform

2017 Daimler AG $111 private Ethereum blockchain
2018 Russian Sherbank $12 Hyperledger Fabric

2018 World Bank $110 private Ethereum blockchain
2018 | Austrian government $1350 permissioned version of Ethereum.
2018 BBVA $171 Hyperledger and Ethereum
2019 | Societe Generale SFH $112 Ethereum public blockchain
2019 World Bank $35 private Ethereum blockchain
2019 Santander $20 Ethereum public blockchain
2021 EIB €100 Ethereum public blockchain
2023 EIB £60 private permissioned blockchain (HSBC Orion platform)

Table 1: Overview of Historical Blockchain Issuances

Note: Table 1 provides information on past blockchain issuances, based on a literature review, technical report, and
online sources.

13



2.8.1 First tokenized bond on public blockchain

On 27 April 2021, the European Investment Bank (EIB) has launched the first digital issuance on
Ethereum public blockchain, a €100 million 2-year bond with the collaboration of Goldman Sachs,
Santander and Societe Generale (EIB, 2021). The deployment of distributed ledger technology is used
for registration and settlement of digital bonds. The EIB partnered with Banque de France for the
payment of issue monies, represented on the blockchain in the form of CBDC. The EIB expects the
digitalisation of capital markets to bring benefits to market participants such as reducing intermediaries
and fixed costs, better market transparency, and faster settlement speed.

2.8.1.1 Bond tokenization process

In this section, we will explore the step-by-step process involved in digital bond issuance (EIB, 2021).

1. Aninvestor transferred fiat to a securities account held by a brokerage firm.

2. The brokerage firm transferred the fiat to an escrow account held by the central bank.

3. The central bank created an equivalent amount of Central Bank Digital Currency (CBDC) and
deposited it into the brokerage firm's digital wallet.

4. The issuer instructed the registrar to create digital tokens representing the bonds and deposited
them into the issuer's digital wallet.

5. The brokerage firm executed the deal book and initiated a settlement instruction, which resulted
in the transfer of CBDC to the issuer and the transfer of digital tokens to the brokerage firm's
wallet, contingent on payment.

6. The brokerage firm transferred the digital tokens to the individual investor wallets, free of
payment.

7. The central bank used its digitization mechanism to convert the issuer's CBDC back into fiat
currency and paid it out to the issuer.

The recent digital bond issuance on the Ethereum public blockchain in collaboration with several
prominent financial institutions marks a significant milestone in the evolution of capital markets. This
issuance represents several "firsts" in the world of digital finance. Firstly, it is the first public digital
issuance on the Ethereum public blockchain, signaling a shift towards increased transparency and
decentralization. Secondly, it is the first-ever multi-dealer digital issuance, which opens up
opportunities for collaboration and innovation across financial institutions. Thirdly, it leverages
digitally native tokenization for both securities and cash, allowing for greater efficiency and ease of
use in the trading of financial assets. Finally, the T+1 settlement achieved with this issuance represents
a significant improvement over the traditional T+3 or longer settlement times, with the potential for
even faster settlement times in the future. All of these factors combine to make this digital bond
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issuance an important step towards a more modern, efficient, and accessible financial system
(Goldmansachs, 2021).

Investors transferred fiat to a
securities account held by a
brokerage firm. Off-chain

The central bank created an The central bank wused its digitization

The brokerage firm transferred the . . .
8 equivalent amount of CBDC and mechanism to convert the issuer's CBDC

fiat to an escrow account held by

deposited it into the brokerage back into fiat currency and paid it out to the
the central bank.

firm's digital wallet. issuer.

. : : On-chain
The brokerage initiated a seftlement instruction,

which resulted in the transfer of CBDC to the
issuer and the transfer of digital tokens to the
brokerage firm's wallet, contingent on payment.

The issuer instructed the registrar to create
digital tokens representing the bonds and
deposited them into the issuer's digital
wallet.

The brokerage firm transferred the digital tokens
to the individual investor wallets, free of payment.

Figure 1: Bond tokenization guideline

Note: Figure 1 describes the step-by-step process of digital bond issuance.
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3. Methodology

In Section 2, we explore the potential solution to our initial research question: How can tokenization
facilitate investment in green bonds? To support our findings, we are conducting market research on
both green bonds and security token offerings (STOs). Our green bonds market research data is sourced
from the Refinitiv database, covering green bonds issued between 2007 and the end of 2022. The
sample includes a global universe of 7,834 green bonds. For the STO market research, we obtain our
data from the STObox database, which comprises 60 STOs conducted from 2018 to 2022. This
database offers a comprehensive and up-to-date overview of the STO industry, enabling a more
accurate analysis of industry trends, patterns, and behaviors. The results of these market research
efforts can be found in Section 4.

3.1 Multi Criteria Decision Making Model

To select the most suitable blockchain platform for the STO in green market, we used a comprehensive
Multi-Criteria Decision Model developed by, as presented in his academic paper titled "Decision
Support for Blockchain Platform Selection”. The MCDM model for blockchain platform selection
involves defining a set of blockchain platforms (p1, p2... ppiattorm), @and a set of blockchain features (fi,
fo...freature). Each blockchain platform supports a subset of the set features. The goal is to find the most
suitable blockchain platform that supports the required blockchain features, denoted as Requirements.
The decision-maker's preferences are also considered in selecting the suitable blockchain platform.
The MCDM model works by evaluating each blockchain platform's suitability based on their support
for the required blockchain features and the decision-maker's preferences. This involves assessing the
performance, security, interoperability, and other quality attributes of each blockchain platform, as
defined by the software quality model. The decision-maker's preferences can be used to differentiate
between potential solutions, as there is typically no unique optimal solution for an MCDM problem.

To implement this model, the first step is to identify the relevant blockchain platforms in the market
and the features they support. Next, the set of required features is defined based on the specific
requirements of the STO in green market. Using the MCDM approach, each platform's suitability is
evaluated by comparing their support for the required features and applying the decision-maker's
preferences. The final step is to select the most suitable blockchain platform that aligns with the
specific requirements of the STO for green bonds. This decision model incorporates various decision
factors, alternative options, and their interconnections. Its key components include the Decision Meta-
Model, Software Quality Model, Domain Description, Feature Value, and Case Definition (Farshidi,
et al., 2020). These components help to evaluate and compare multiple blockchain platforms against
relevant criteria, thereby enabling informed decision-making.

Decision Meta-Model: The Decision Meta-Model is the foundation of the decision model, providing
a structured representation of the MCDM problem. The Quality and Features are critical in defining
the attributes and characteristics that are relevant for assessing blockchain platforms. The Quality
identifies the essential attributes that a blockchain platform must possess to be suitable for the STO.
These attributes may include factors such as security, scalability, and performance. The Features
outlines the functionalities and capabilities that the blockchain platform must provide, such as smart
contracts and on-chain transactions.
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Software Quality Model: The Software Quality Model plays a significant role in the decision model as
it enables the evaluation of blockchain platforms' quality attributes. The model provides a structured
framework for assessing the software quality of blockchain platforms, using the 1ISO/IEC 25010 and
ISO/IEC 9126 standards. These standards provide a set of criteria that are used to evaluate the quality
of software systems, including functionality, reliability, usability, and maintainability (ISO/IEC
25010:2011, 2011). The software quality model helps decision-makers to compare and assess different
blockchain platforms based on their quality attributes and identify potential risks and challenges.

Domain Description: The Domain Description component involves the process of identifying criteria
from several blockchain platforms, including their features, documentation, and characteristics. This
step is critical as it provides a comprehensive overview of the different blockchain options available
and their capabilities. The domain description can also be used to generate an initial hypothesis for
selecting blockchain features, which can help narrow down the search for the most appropriate
blockchain platform.

Feature Value: The Feature Value component involves mapping the blockchain platforms to the
features defined in the domain description. This step is crucial as it enables decision-makers to compare
the different blockchain platforms based on their features and capabilities.

Case Definition: The Case Definition component involves defining the case or business process that
needs to be mapped to the blockchain platform selection. This step is critical as it helps to align the
selection process with the specific requirements of the STO for green bonds. In the case definition, the
decision-maker determines the priority of each feature using the MoSCoW method (DSDM, 2014),
which involves categorizing each feature as Must-have, Should-have, Could-have, or Won't-have. This
step helps to prioritize the features and capabilities that are critical for the success of the STO.

In summary, the decision model provides a structured approach to selecting the most appropriate
blockchain platform for an STO for green bonds. By considering the software quality model, domain
description, feature value, and case definition, this approach enables decision-makers to compare and
evaluate different blockchain options and make an informed decision that aligns with the specific
requirements of the STO.

3.2 SWOT analysis

The green asset market has grown in significance in recent years, as the global push for sustainable
development and the need for innovative financing solutions have driven investment in
environmentally-friendly projects (Caramichael & Rapp, 2022). One emerging solution in this space
is the use of blockchain technology, particularly through security token offerings on green bonds (Ante
& Fiedler, 2020). To assess the viability and potential of this approach, it is vital to employ a
comprehensive research methodology. The SWOT analysis, which stands for Strengths, Weaknesses,
Opportunities, and Threats, is a strategic planning tool that provides a structured framework for
assessing the internal and external factors affecting the subject of study (Saunders, et al., 2019). By
using the SWOT analysis in our research, we can effectively evaluate the potential blockchain
technology in the green asset market. The SWOT analysis is a widely used method, both in academic
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research and in the business world, to systematically evaluate the competitive position and potential
success of a project or organization. The four elements of the SWOT analysis are:

e Strengths: These are the internal characteristics that give the subject a competitive advantage
over others. In the context of our research, this would include aspects such as the efficiency,
credibility, and transparency offered by blockchain technology in managing green assets.

e Weaknesses: These are the internal characteristics that place the subject at a disadvantage
compared to its competitors. In our study, this could involve the technical challenges,
regulatory hurdles, or the limited adoption of blockchain technology in the green asset market.

e Opportunities: These are the external factors that the subject can exploit to its advantage. For
our research, this might include the increasing demand for green investments, favorable
government policies, or advancements in blockchain technology that could enhance its use in
the green asset market.

e Threats: These are the external factors that could negatively affect the subject's performance.
In the context of our research, this could encompass factors such as market competition,
regulatory changes, or the potential environmental impact of blockchain technology itself.

To conduct a SWOT analysis, researchers must gather data on the subject's strengths, weaknesses,
opportunities, and threats from various sources, including academic literature, industry reports, expert
opinions, and stakeholder interviews. The SWOT analysis is particularly suited for our research for
several reasons. Firstly, it offers a comprehensive view of the internal and external factors affecting
the use of blockchain technology, ensuring that all relevant aspects are considered. Secondly, the
structured framework provided by the SWOT analysis enables the systematic evaluation of these
factors, which can aid in identifying the most critical issues and potential areas for improvement.
Finally, the SWOT analysis can facilitate the development of strategic recommendations for the
implementation and growth of blockchain technology in the green asset market.

3.3 Research method

To implement the blockchain platform selection model for an STO in the green market, we need to
follow the four steps outlined below:

1) Identify blockchain platforms: The first step is to identify the blockchain platforms available
in the market that may be suitable for an STO for green bonds. Examples of blockchain
platforms may include Hyperledger and Ethereum. To identify the blockchain platforms, we
conducted a comprehensive review of online resources, literature, and whitepapers that
provided information about different blockchain platforms. By analyzing these resources, we
identify the different blockchain platforms available in the market and their features.

2) Define the required features: After identifying the relevant blockchain platforms in the market
and their features, the next step is to define a set of required features for an STO in the green
market. To define these features, we conducted an extensive SWOT analysis of the green
market, which investigates the strengths, weaknesses, opportunities, and threats related to the
STO in the green market. Based on the result of SWOT analysis, we identify the specific
requirements for an STO in the green market. For example, the requirements may include
support for smart contracts to enable automatic execution of agreements, on-chain transactions
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3)

4)

for enhanced transparency, scalability to handle high transaction volumes, and robust security
features to protect against potential threats.

Evaluate the suitability of each platform: Using the MCDM approach, each platform's
suitability is evaluated by comparing their support for the required features and applying the
decision-maker's preferences. The software quality model and domain description components
are used to assess the quality of each platform, and the feature value component is used to
match each platform'’s features to the required features. The decision-maker's preferences are
also taken into account in this step.

Select the most suitable blockchain platform: Based on the evaluation results, the most suitable
blockchain platform is selected that aligns with the specific requirements of the STO for green
bonds. The decision-maker's preferences play a significant role in selecting the final platform.
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4. Result

4.1 Green Bond market research

Our market research data is sourced from the Refinitiv database and involves all available green bonds
from 2007 until the end of 2022. The sample size consists of a global universe of 7,834 green bonds.

The data reveals that green bonds have been issued in a wide range of currencies, including Australian
dollar, Canadian dollar, Chinese Yuan, Euro, GBP, Indian Rupee, Norwegian Krone, Swedish Krone,
Swiss Franc, US dollar, and other currencies. The highest number of green bonds have been issued in
Chinese Yuan, with 1,444 bonds issued, accounting for 18.43% of the total number of green bonds.
The highest issued amount was in Euro, with $1,003.7 billion worth of green bonds issued, accounting
for 22.79% of the total issued amount. The US dollar had the second-highest number of green bonds
issued, with 1,443 bonds accounting for 18.42% of the total number of green bonds. The other
currencies had a combined total of 1,165 Green Bonds issued, accounting for 14.87% of the total
number of green bonds. Overall, the data shows that green bonds have been issued in a diverse range
of currencies, indicating the global interest in financing environmentally sustainable projects.

Currency Green bond issued | %GT Green bond issued | Amount (Billion USD)
Euro 1785 22.79% 1,003.70 USD
Chinese Yuan 1444 18.43% 326.18 USD
U.S. Dollar 1443 18.42% 577.75 USD
Other 1165 14.87% 97.51 USD
Swedish Krona 799 10.20% 74.10 USD
Japanese Yen 421 5.37% 34.98 USD
Norwegian Krone 211 2.69% 19.70 USD
Australian Dollar 129 1.65% 27.52 USD
Great Britain Pound 116 1.48% 74.40 USD
Swiss Franc 113 1.44% 22.24 USD
Indian Rupee 108 1.38% 3.28 USD
Canadian Dollar 100 1.28% 52.48 USD

Table 2: Green Bond Issuance by Currency

Note: Table 2 shows the number of green bonds issued in various currencies, along with the grand total percentage and
issued amount for each currency.

Table 3 shows that the number of green bonds issued has increased steadily over the years. In 2007,
only one green bond was issued, accounting for 0.01% of the grand total percentage and $0.65 billion
in issued amount. However, the number of green bonds issued gradually increased, with 2 bonds in
2008, 5 bonds in 2009, and 53 bonds in 2010. The issuance of green bonds accelerated from 2013 to
2022, with the highest number of green bonds issued in 2021, at 2,075 bonds, accounting for 26.49%
of the grand total percentage and $652.1 billion in issued amount.
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Year | Green bond issued | %GT Green bond issued | Issued Amount (Billion USD)
2007 1 0.01% 0.65
2008 2 0.03% 0.48
2009 5 0.06% 0.90
2010 53 0.68% 2.60
2011 29 0.37% 0.77
2012 24 0.31% 2.43
2013 45 0.57% 12.52
2014 140 1.79% 31.03
2015 305 3.89% 47.58
2016 258 3.29% 99.79
2017 455 5.81% 161.95
2018 546 6.97% 159.36
2019 950 12.13% 287.40
2020 1205 15.38% 299.09
2021 2075 26.49% 652.10
2022 1741 22.22% 555.17

Table 3: Annual Green Bond Issuance
Note: Table 3 displays the number of green bonds issued by year, along with the grand total percentage and issued amount

for each year.

Table 4 reveals that the majority of green bonds issued were fixed coupon bonds, with a total of 6,204
bonds issued, accounting for 79.19% of the grand total percentage. The second most popular coupon
class was floating coupon bonds, with 1,165 bonds issued, accounting for 14.87% of the grand total
percentage. Discount/zero coupon bonds were the least issued, with only 242 bonds accounting for
3.09% of the grand total percentage, and other types of coupon classes accounted for 2.85% of the
grand total percentage, with 223 bonds issued. The data indicates that fixed coupon bonds are the most
popular choice for issuers of Green Bonds, followed by floating coupon bonds.

Coupon Class Green bond issued | %GT Green bond issued
Discount/Zero Coupon 242 3.09%
Fixed Coupon 6204 79.19%
Floating Coupon 1165 14.87%
Other 223 2.85%

Table 4: Green Bond Issuance by Coupon Class Type

Note: Table 4 shows the number of green bonds issued by different coupon class types, along with the grand total
percentage of green bonds issued for each type.

table 5 provides data on the number of green bonds issued based on different seniority types, along
with the grand total percentage of green bonds issued for each type. Senior unsecured green bonds
were the most issued, with a total of 5,533 bonds issued, accounting for 70.63% of the grand total
percentage. Senior unsecured bonds are a type of bond that has priority over other unsecured bonds in
the event of bankruptcy or default. Unsecured bonds were the second most commonly issued, with 796
bonds issued, accounting for 10.16% of the grand total percentage. Unsecured bonds are not backed
by collateral and have lower priority than secured bonds in the event of bankruptcy or default. Senior
secured bonds were the third most commonly issued, with 470 bonds issued, accounting for 6.00% of
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the grand total percentage. Senior secured bonds are backed by specific assets, such as property or
equipment, and have priority over other types of bonds in the event of bankruptcy or default. Senior
non-preferred bonds were the fourth most commonly issued, with 375 bonds issued, accounting for
4.79% of the grand total percentage. Other types of seniority accounted for 4.48% of the grand total
percentage, with 351 bonds issued. Senior preferred bonds were the least commonly issued, with only
309 bonds issued, accounting for 3.94% of the grand total percentage. Senior preferred bonds are a
type of bond that has priority over other types of senior bonds in the event of bankruptcy or default.
The data suggests that senior unsecured green bonds are the most popular choice for issuers, with a
vast majority of green bonds issued falling into this category. It is interesting to note that there has
been a significant increase in the number of senior non-preferred green bonds issued in recent years,
accounting for a larger percentage of the grand total percentage in comparison to the early years of
green bonds issuance.

Seniority Type Green bond issued | %GT Green bond issued
Senior Unsecured 5533 70.63%
Unsecured 796 10.16%
Senior Secured 470 6.00%
Senior Non-Preferred 375 4.79%
Senior Preferred 309 3.94%
Other 351 4.48%

Table 5: Green Bond Issuance by Seniority Type

Note: table 5 presents data on the issuance of green bonds categorized by seniority types, along with the overall
percentage of green bonds issued for each type.

4.2 Security Token Offering market research

The market research data is obtained from STObox database, which comprises 60 STOs conducted
between 2018 to 2022. This database provides a comprehensive and up-to-date overview of the STO
industry, allowing for a more accurate analysis of industry trends, patterns, and behavior.

4.2.1 Business jurisdiction

Tokenization, the process of converting assets into digital tokens, is gaining popularity among
businesses worldwide. The USA accounts for a substantial share of the interested clients, with more
than a third hailing from the country. This trend can be attributed to several factors, such as the high
level of business activity, technological advancements, regulatory clarity, and simplified corporate
reporting procedures in the country. Apart from the USA, the United Kingdom is also showing a keen
interest in tokenization, indicating its potential for future growth in the region. Additionally, other
jurisdictions like Switzerland, the European Union, South Africa, Asia, and South America are also
noteworthy for their growing interest in tokenization. As more businesses explore the benefits of
tokenization, it is likely that this trend will continue to gain momentum in the coming years.
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m United States = United Kingdom = Other

Figure 2: Business Jurisdiction of STOs

Note: Figure 2 shows the percentage of security token offering based on business jurisdictions.

4.2.2 SPV jurisdiction

When companies raise funds through Security Token Offerings (STOs), they often create Special
Purpose Vehicles (SPVs) specifically for this purpose. These SPVs may not necessarily be structured
in the same jurisdiction where the primary business activity takes place. The decision to create an SPV
and its location is influenced by several factors, including investor protection, regulatory compliance,
ease of doing business, taxation, and other considerations. The goal is to create a structure that is most
beneficial for all parties involved, including the company and its investors.

m United States = British Virgin Islands

u Liechtenstein Other

Figure 3: SPV Jurisdiction of STOs
Note: Figure 3 shows the percentage of security token offering based on special purpose vehicle jurisdictions.

4.2.3 Industry of STOs

Real estate is the most common industry for issuers of tokenized securities, which is not surprising
given its illiquidity and high capital requirements. Real estate is considered an ideal asset class for
tokenization. Additionally, some issuers are tokenizing their crypto-mining activities to generate
income for investors through cryptocurrency mining. Other industries involved in tokenization include
resources such as gold or precious metals, infrastructure projects, SMEs, and others. This demonstrates
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the versatility of tokenization and its potential to revolutionize various industries by increasing
liquidity, improving access to capital, and enhancing the investment experience for investors.

m Real Estate = Crypto Mining = other

Figure 4: Industries of STOs
Note: Figure 4 shows the percentage of security token offering based on different industries.

4.2.4 Different types of security tokens

The most common method of tokenization for issuers is the direct tokenization of company shares that
represent investments in specific projects. This method is widely used because it provides investors
with a clear and secure mechanism for investment. In most cases, one share equals one security token,
making calculations more straightforward. However, other tokenization options are also possible.
Issuing debt securities is a less common method, as investors generally prefer to own a stake in the
company rather than finance it at a fixed percentage.

m Equity = Debt = Hybrid

Figure 5: Different types of security tokens
Note: Figure 5 shows the percentage of different types of security token such as equity, debt, hybrid.
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4.2 .5 Different size of STO

The size of an STO is an important factor that impacts both the issuer and the investors. Based on our
data, nearly 30% of clients raised no more than $5 million, which is reasonable given the early stage
of the tokenization industry. Smaller STOs are more accessible to small investors, making them more
active than larger tokenization projects. The advantage of smaller STOs is that they can provide
opportunities for small businesses to raise capital that may not have been available otherwise.
Moreover, these projects allow investors to participate in a diversified portfolio of assets, which could
reduce risks for them. However, mid-sized STOs are also gaining traction, with 40% of issuers raising
between $5 million and $30 million. These STOs offer more significant opportunities for both
investors and issuers, allowing them to expand their businesses or portfolios. The advantage of mid-
sized STOs is that they provide a higher level of diversification and liquidity than small-scale STOs.
Large-scale STOs are less common due to the complexity and regulatory requirements of conducting
such projects. Nevertheless, they offer the potential to raise substantial funds for significant projects
or large companies. However, the risks and challenges associated with such projects require careful
planning and execution.

24%

8%

40%

m<S5m ®S$5m-S30m = S30m-S100 m = S100+ m

Figure 6: Different Size of STOs
Note: Figure 6 shows the different size of security token offering. The smallest size is lower than $5 million and the highest
size is higher than $100 million.

4.3 SWOT analysis result
4.3.1 Strength

Employing blockchain technology has allowed financial institutions to decrease the duration and
expenses associated with issuing assets, while providing direct link between issuer and the investor.
The typical corporate bond incurs costs of around 3-6% of the funds raised (HSBC, 2019). Blockchain
technology presents various opportunities for increased efficiency in bond issuance and distribution,
as explained below (HSBC, 2019):

e Decreased number of actors: Distributed Ledger Technology (DLT) has the potential to replace
several entities involved in the current bond process. Implementing smart contracts for bond
issuance and distribution increases transparency and minimizes risk for issuers, investors, and

25



underwriters. This means that certain parties, like brokers and listing agents, may be excluded
from the process. Banks' roles in market making and investor relationship management can be
significantly diminished, but they will still maintain crucial roles as advisors and trusted
authorities for processes like Know Your Customer (KYC).

e Faster distribution: Bonds are financial instruments with multiple variables, such as term,
coupon rate, risk rating, and other conditions. Exchanges are generally designed for simpler
instruments, so more complex bonds are mostly sold directly to investors via brokers or over-
the-counter on secondary markets, as exchange listing necessitates a paper review process. The
investor search and matching (whitelisting) process demands considerable effort compared to
distributing equity on public exchanges. Smart contracts can apply complex rules for
competitive bidding, enabling fully automated issuance and distribution.

e Streamlined reconciliation: Smart contracts, as they are recorded on the blockchain, eliminate
the necessity for human intervention. Cryptographic signatures ensure their integrity, removing
the need for anti-fraud measures, error checks, and multiple verification processes.

e Enhanced efficiency in settlement: DLT-based smart contracts can execute two-way
instantaneous transfers of value and assets without requiring a separate settlement process. This
is achieved by exchanging a digital asset for a token representing the security. Stablecoins used
in a bond can transfer value between investor and issuer, with automated maturity and
settlement processes that remove intermediaries and manual procedures. Stablecoins can also
facilitate the distribution of dividends via smart contracts. The reasons for using stablecoins in
settlement include:

a) Banks are in a good position to issue stablecoins (digital currencies pegged to a fiat
currency) under their existing fractional reserve licensing arrangements.

b) Introducing a stablecoin for payments enables the execution of contracts to trigger
payment and immediate settlement, reducing settlement risk by over 99%,
eliminating counterparty risk and elapsed time, and substantially cutting costs.

c) Efficiency gains result from shortening a 2-3 day settlement process to an
instantaneous one.

4.3.1.1 Comparative analysis of green bond costs with and without Blockchain

Another strength of blockchain technology and smart contracts is their ability to remove intermediaries
like banks, lawyers, or accountants. This disintermediation leads to cost savings for investment banks
and reduces the administrative costs of project development, providing an efficient way to manage
securities (Duchenne, 2018). Moreover, blockchain technology enables frequent micro and cross-
border payments of dividends to investors, which can reduce transaction costs significantly (Varma,
2019). Issuing bonds involves both hard costs, which are related to managing processes and
compensating third parties, and opportunity costs arising from the extended period before a bond enters
the market. Green bonds additionally require internal reviews, third-party validation, and Proof of
Impact reporting. This section evaluates the typical cost of issuance in the market.
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Green bond process Standard Process (USD) With full blockchain automation (USD)

Structuring, price setting, risk rating 1,000,000 20,000

Legal review 100,000 40,000

Investor whitelisting and matchmaking 500,000 N/A
50,000 20,000

Internal review and green classification

Third party validation and green 50,000 5,000
benchmarking

Registration and listing 15,000 N/A (if sold on blockchain exchange)
Brokerage and sales 1,500,000 40,000
Payment and settlement Opportunity cost:84,000 0
Custodianship 350,000 2,000 (blockchain dependent)
Data gathering (full lifecycle) 1,200,000 350,000 (includes IoT devices)
Data aggregation (full lifecycle) 400,000 115,000
Reporting (full lifecycle) 1,200,000 100,000

6,449,000 692,000

Total

Table 6: Standard vs Blockchain Cost Estimates Comparison (HSBC, 2019)

Note: Table 6 displays the calculated cost difference estimates for standard issuances compared to fully automated
blockchain issuances for a typical Green Bond valued at 100 million USD with a 20-year maturity.

Using Distributed Ledger Technology (DLT), has the potential to reduce the unit cost of issuing bonds.
By using DLT, issuers can automate many of the manual processes involved in issuing bonds, such as
record keeping and transaction settlement, which can significantly reduce costs. In addition, DLT can
enable the issuance of more, lower-value bonds, as the costs associated with issuing these bonds would
be reduced. This could open up new market opportunities and enable more investors to participate in
the bond market. Green Bonds require detailed reporting on the environmental impact of the
investments they finance, and blockchain can help automate and streamline this reporting process,
reducing costs and increasing transparency.

4.3.1.2 Credibility

The section examines how the utilization of blockchain technologies to verify data can be employed
to Green Bonds. As efficiency decreases costs and creates opportunities for retail investors. Green
Bonds can gain even greater benefits from the market opportunities that come with enhanced
credibility. The utilization of a blockchain-powered bond will result in three primary characteristics
that can enhance credibility (Bachelet, et al., 2019).

1) The validation of Proof of Impact can be shifted from a third-party review to traceable,
tokenized data based on automated sensors at the source.

2) Stablecoin can be used for capital flows with full transparency of the Use of Proceeds

3) Every investor can have direct visibility of how the Green Bond is developing and performing
in real-time, which can enhance transparency and credibility.
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By leveraging these three properties, a blockchain-powered bond can offer a more reliable, efficient,
and transparent way for issuers to finance their green projects, and for investors to support sustainable
initiatives while mitigating risks. Green assets can utilizing loT technology in combination with DLT
to automate the reporting of Use of Proceeds through data tokens and incentivize sustainable behaviors.
This is achieved through various methods such as the deployment of a sensor like an RFID tag, visual
monitoring, or a blockchain-enabled chip embedded in the green asset that sends data to a 'data token'
(Bank for International settlement (BIS), 2021). The token is programmed to execute payouts or other
tasks when it receives specific data sets from the asset. Although this technique has yet to be
implemented in the Green Bond market, it offers a genuine opportunity to integrate into bond products
and develop green reputation wallets for all eligible green projects and assets suitable for Green Bond
issuance. One of the significant strengths of blockchain is its ability to provide full traceability of all
transactions and agreements. The distributed ledger technology enables an end-to-end audit trail of all
transactions, making it almost impossible for malicious actors to tamper with the transaction data. This
immutability and tamper-proof nature of blockchain data is a critical strength, providing trust and
reliability to all participants in the network (Blakstad & Allen, 2018).

4.3.1.3 Transparency

The issuance of a green bond by a corporation may indicate a higher degree of environmental
consideration in comparison to its peers. However, the likelihood of greenwashing must be taken into
consideration and there is no guarantee that the green initiatives funded by the bond reflect a
substantive and enduring commitment to sustainable investment (Caramichael & Rapp, 2022). Three
critical elements are key to mitigating the risk of greenwashing as climate finance enters its next stage
of development (Bank for International settlement (BIS), 2021). The first element is the development
of taxonomies that enable investors to identify assets and activities that hold the potential to make
material progress towards high-level green objectives. These taxonomies will assist investors in
making informed decisions about investments and activities to support. By using these taxonomies,
investors can avoid investments that may be marketed as "green™ but do not meet high-level green
objectives. The second element is the development of reliable methods of certification and verification
that ensure that the labeling of green entities and activities within the taxonomies is trustworthy. This
means establishing standards and processes for certification and verification, which will help build
investor confidence and ensure that investments marketed as "green™ are indeed green. This will help
reduce the risk of greenwashing, where entities falsely advertise their products as "green™ when they
are not. The third element is improved data availability and disclosure. This is critical because it
provides investors with the information, they need to make informed decisions about their investments.
This includes data on the environmental impact of investments, as well as information on how
investments are meeting high-level green objectives. By making this information available, investors
can be confident that they are making sound investments that are aligned with their values.

Blockchain technology and smart contracts also provide automatic and consistent enforcement of

predefined token and network rules across the network. This assures compliance with regulatory

frameworks, and the audit trail provides regulatory entities with the data needed for compliance checks

(Schletz, et al., 2020). Data collection is one way that blockchain can enhance the accountability of

green bonds. A blockchain-based platform can gather real-time, environmentally relevant data directly

from green initiatives, and facilitate its storage, monetization, and verification as a digital asset.
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Through the collection of data related to environmentally funded projects and their association with
digital financial instruments on the blockchain, a permanent, unalterable record is established, thereby
augmenting trust (Cao, et al., 2021).

4.3.1.4 Greenium

Green bonds provide a direct incentive for corporations looking to invest in environmentally-friendly
initiatives, as they may receive a borrowing cost advantage in the form of a lower yield spread at
issuance compared to conventional bonds. This benefit is often referred to as the “Greenium”
(Caramichael & Rapp, 2022). The primary differentiation between green bonds and conventional
bonds is based on the issuer's dedication to allocating the proceeds of the bond specifically towards
environmentally or climatically beneficial investments. However, despite the investment focus of
green bonds, bondholders do not assume any corresponding environmental project risk. This means
that if the investments do not yield the expected returns, it is the issuer of the bond who bears the risk,
not the bondholder. In this sense, the fundamental risk factors associated with conventional and green
bonds issued by the same entity are expected to be similar, as they are determined by the
creditworthiness of the issuer, the issuer's ability to repay the bond, and market conditions such as
interest rates (Loffler, et al., 2021). While green bonds and conventional bonds may have similar
fundamental risk factors, empirical research has found that yields between the two types of bonds often
differ. (Ehlers & Packer, 2017) estimated a negative yield spread in the primary market, implying that
green bonds offer a lower yield compared to regular bonds. Similarly, many studies found premium
on green bonds in comparison to conventional bonds in the secondary market. Premiums associated
with green bonds have been observed to vary, ranging from 1 basis point (Hachenberg & Schiereck,
2019) to 69 basis points (Wulandari, et al., 2018). However, other studies have also reported a positive
premium falling within the range of 2 to 8 basis points (Bachelet, et al., 2019).

Two theoretical paradigms have been proposed to explain the difference in valuation between green
bonds and conventional bonds (Loffler, et al., 2021). The first paradigm focuses on how pro-
environmental preferences affect on bond yields. According to this paradigm, investors are willing to
accept lower yields due to the "green label” of the bond. Pro-environmental investors may prioritize
environmental and/or climate benefits over higher yields, forgoing some return to support bonds with
these benefits. This effect may be particularly pronounced in the primary market, where the bond
proceeds directly fund a project. The second paradigm proposes that asset pricing theory (Fama, 2014)
can account for the lower yields of green bonds in comparison to regular bonds. This paradigm
suggests that green bonds may have lower risk compared to non-green bonds, leading to a reduced cost
of borrowing. Differences in the risk profiles of green and conventional bonds can arise from the
continuous monitoring of environmental benefits and the allocation of bond proceeds, which are
validated by third-party verifiers to ensure compliance with the green label. This monitoring and
verification process may lower the likelihood of default for green bonds, resulting in reduced risk and
lower yields.

Conventional bonds may face long-term climate change risks, such as the effects of carbon taxes, that
do not affect green bonds. However, green bonds may also be associated with risks stemming from
uncertainties surrounding the advancement of green technologies and investments in renewable
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energy. These specific risks associated with the green label may be priced and could reduce the
greenium (Caramichael & Rapp, 2022).

4.3.2 Weaknesses

A major weakness of tokenized securities is their limited application, which has resulted in several
issues and misunderstandings. The emerging financing mechanism has had only limited success, with
only a few STOs receiving funding. Additionally, the anticipated disintermediation has thus far only
replaced traditional intermediaries like banks, accountants, and lawyers with STO platforms. This has
resulted in varying protocols and frameworks, leading to concerns about trustworthiness (STOScop,
2019). Another weakness is the dependence on data quality entering the blockchain. If the data is of
poor quality, the data on the blockchain will be poor, leading to the "garbage-in, garbage-out” problem.
The current method of capturing and inserting data manually through a trusted third party causes
increased costs, dependence, and delays (Duchenne, 2018). Furthermore, regulatory uncertainty
remains a significant challenge for tokenized securities. While almost every country has securities
regulations, only a few have adopted specific STO regulations. This lack of commitment to a
regulatory framework for STOs imposes the risk of an altered regulatory environment for issuers and
investors at a later stage (Schletz, et al., 2020).

In conclusion, the weaknesses of tokenized securities and blockchain technology lie in their limited
use cases, different protocols and frameworks, dependence on data quality, and regulatory uncertainty.
These weaknesses pose significant challenges to the widespread adoption of tokenized securities, and
the industry needs to address them to realize the full potential of blockchain technology in finance.

4.3.3 Opportunities

One of the significant opportunities is the potential to invest directly in green projects across borders.
By utilizing DLT to encode standardized bond issuance, bond structuring can become a standard
software toolkit, allowing for the creation of smaller, more widely accessible bonds that can be traded
automatically. This approach, known as "Bonds as a Service," has the potential to provide more
opportunities for smaller issuers to raise capital through bonds (EIB, 2021). Tokenizing wind and
solar-generated electricity assets can attract investment and accelerate the transition of the global
economy towards sustainable energy (Nassiry, 2018). Additionally, by automating business rules on
the buy-side, investors can benefit from a more efficient and streamlined process for trading bonds.
These developments can help to catalyze the transformation of the bond market towards automation
process, which can offer greater efficiency and accessibility for all market participants. Moreover, by
dividing assets, such as bonds, into smaller units that can be owned directly by investors rather than
through portfolio products like ETFs, a future is envisioned where being a green asset owner is
accessible and transparent to everyone (HSBC, 2019). Offering tokenized securities to a global
investor can increase the potential liquidity pool. Fractional asset ownership enables small investments
and constant micropayments of dividends which reduces the investment barrier for retail investors
(Baum, 2021). Furthermore, emerging technologies such as 10T devices and big data, when combined
with blockchain technology, can create reliable information and automate bookkeeping processes,
reducing data collection costs and execution delays (Dai & Vasarhelyi, 2017). This opportunity offers
the potential to create entirely new approaches toward economic management of the environment, the
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creation of new sustainable digital finance products, and ultimately, systemic transformation (Nassiry,
2018).

In conclusion, the opportunities of STOs and blockchain technology lie in their potential to invest in
green projects, offer convenient and affordable financial products and services, enhance transparency
and lower costs, and automate bookkeeping processes using emerging technologies. These
opportunities can significantly transform the global economy towards sustainability, and the industry
needs to leverage them to realize the full potential of blockchain technology in finance.

4.3.4 Threats

One of the challenges facing the development of green bonds is the lack of interoperability among
existing platforms used by banks. Currently, most platforms are isolated and largely "home-grown"
within banks. However, at scale, it will be important for platforms to be interoperable. This lack of
interoperability could slow down the pace of scaling tokenized securities, making it difficult for large
institutions to invest in green bonds. Furthermore, this lack of interoperability could lead to increased
costs and inefficiencies in the market (HSBC, 2019). Another challenge facing the adoption of green
bonds is the limited accessibility of these instruments to a wider range of investors. Accessibility to
most Green Bonds is restricted today to pre-selected investors, with expensive processes needed for
exchange listing. Proprietary bank platforms and blockchain exchanges both have limited reach to
investors, so new channels are needed to reach new types of investors. This limited accessibility could
hinder the growth of the green bond market, as a wider investor base is needed to drive demand and
provide liquidity (Schletz, et al., 2020). Blockchain technology, which is often used in the issuance
and trading of green bonds, presents its own set of challenges. Smart contracts written to the blockchain
can’t be altered, so when conditions meet the business rules encoded in them, they will execute.
However, a lack of thorough analysis has in the past led to some well-publicized failures, where code
weaknesses have been exploited by bad actors. These failures have raised concerns about the reliability
and security of smart contracts and blockchain technology more generally. Reducing the need for
intermediaries reduces the number of actors in the process, potentially removing checks and balances.
Regulators and validators need to have clear visibility of the logic and conditions driving instruments
to ensure standards are being upheld (Baum, 2021).

DLT (Distributed Ledger Technology), which is the underlying technology of blockchain, is evolving
rapidly and faces key challenges such as the trade-off between accessibility/decentralization,
authentication, and scale. New platforms with potential to supersede classical DLT blockchains by
providing greater security, decentralization, and scale are emerging. However, the long-term likely
standard is hard to predict. This unpredictability could hinder the adoption of green bonds, as investors
and issuers may be hesitant to invest in a rapidly changing and uncertain market (DG FISMA, 2018).

In conclusion, the development and adoption of green bonds in the market face several challenges and
potential risks. These challenges include the lack of interoperability among existing platforms, limited
accessibility to a wider range of investors, and the challenges associated with blockchain technology.
To address these challenges, market participants and regulators must work together to establish
industry standards, increase transparency, and ensure that the benefits of green bonds are realized for
all stakeholders.

31



Strengths Weaknesses
e Increased efficiency in bond issuance and distribution. Limited wuse cases and regulatory

e Cost savings through disintermediation. uncertainty.

e Improved credibility and transparency through e Dependence on data quality.
traceability of transactions and validation of Proof of e Different protocols and frameworks
Impact. causing concerns about trustworthiness.

e Potential for greenium, a borrowing cost advantage for
corporations investing in environmentally-friendly

initiatives.
Opportunities Threats
e Investment in green projects across borders. e Lack of interoperability among existing
e  Automation of business rules and trading processes. platforms used by banks.
e Dividing assets into smaller units accessible to all e Limited accessibility of green bonds to a
investors. wider range of investors.
e Utilizing 10T devices and big data to create reliable e Concerns about the reliability and security
information and automate bookkeeping processes. of smart contracts and blockchain
technology.

e Uncertainty in the long-term standard of
DLT and emerging platforms.

Table 7: SWOT analysis

Note: Table 7 summarize the result of SWOT analysis for green bond tokenization.

4.4 Required features

We took a comprehensive approach to identify the required features for running a successful security
token offering (STO) in the green market. Firstly, we reviewed different regulations in the green bond
market such as the Green Bond Principle (GBP) and the EU Green Bond Standard to ensure that we
were aligning with industry standards (section 2.3). Additionally, we considered the Prospectus
Regulation adopted by the European Union (EU), which sets rules for securities offerings in the EU,
to ensure compliance with relevant regulations (section 2.6). Furthermore, we conducted a
comprehensive review of online resources, industry reports, and literature, as discussed in chapter 2,
to gain insights into the critical aspects of a successful STO in the green market. We also performed a
SWOT analysis (section 4.1), which helped us to identify strengths, weaknesses, opportunities, and
threats related to STOs in the green market. By synthesizing these various sources of information, we
identified a set of required features for a security token offering in the green market. To prioritize these
features, we used the MoSCoW method, which allowed us to categorize features into Must-have,
Should-have, Could-have, and Won't-have categories based on their importance and feasibility
(DSDM, 2014). By doing so, we can focus on the most critical features that are necessary for the
success of the STO in the green market.

4.4.1 Blockchain permission

Public (Could have): Public blockchains are open and accessible to anyone who wants to participate.

Anyone can read, write, or join the network. They typically use a consensus mechanism like Proof of

Work (PoW) or Proof of Stake (PoS) to secure the network. In the context of STOs for green bonds,

public blockchains could be used, but may not be the best option. They offer transparency and
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accessibility, but due to their open nature, they may not provide the desired level of control and privacy
required for regulated financial instruments like green bonds.

Private (Should have): Private blockchains are closed and only accessible to a specific group of
authorized participants. This type of blockchain offers more control and privacy compared to public
blockchains. Private blockchains should be considered for STOs in green bond markets because they
allow for better control over the network, ensuring compliance with regulatory requirements. They
also provide higher levels of privacy, which may be important for issuers and investors.

Permissionless (Won't have): Permissionless blockchains do not require any approval to participate in
the network. They are typically public blockchains where anyone can join, submit transactions, or
become a validator. Permissionless blockchains won't be ideal for STOs in green bond markets because
they lack the necessary control mechanisms and privacy to ensure compliance with regulations and
protect sensitive financial information.

Permissioned (Should have): Permissioned blockchains require approval for participants to join the
network or perform certain actions. This type of blockchain can be either public or private, but it
includes an additional layer of access control. Permissioned blockchains are a “Should have” for STOs
in green bond markets. They provide a balance between transparency and privacy, ensuring
compliance with regulatory requirements while protecting sensitive financial information.
Additionally, they allow for better control over the network, which is crucial for the successful issuance
and management of green bonds.

4.4.2 Market positioning

Transaction Speed (Should have): Transaction speed refers to the time it takes for a blockchain
platform to process and confirm transactions. Faster transaction speeds lead to increased efficiency
and better user experience. In the context of STOs for green bonds, transaction speed should be
considered important because it can impact the overall efficiency of the market. Faster transaction
speeds allow for smoother and more efficient trading, which is beneficial for both issuers and investors.

Technology Maturity (Must have): Technology maturity refers to the level of development, stability,
and reliability of a blockchain platform. Mature technologies have been tested extensively and have
proven their effectiveness and reliability. For STOs in green bond markets, technology maturity is a
must-have. A mature and stable platform reduces the risk of technical issues, ensuring that the issuance
and trading of green bonds can be conducted seamlessly and securely.

Popularity in the Market (Could have): Popularity in the market refers to the level of adoption and
usage of a particular blockchain platform by the broader community. A more popular platform
typically has a larger user base, more developer support, and a stronger ecosystem. Popularity in the
market could be considered important for STOs in green bond markets, as it may indicate a platform's
ability to attract investors and issuers. However, it is not necessarily a critical factor, as other aspects
such as regulatory compliance and technology maturity may take precedence.

Innovation (Could have): Innovation refers to the capacity of a blockchain platform to introduce new
features, improvements, and technological advancements that differentiate it from competitors and
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enhance its value proposition. Innovation could be considered important for STOs in green bond
markets, as it can lead to better solutions and more efficient processes. However, it is not necessarily
a critical factor, as stability, security, and regulatory compliance are more important in the context of
green bonds. Innovative features should not compromise these essential aspects of the platform.

4.4.3 Integration

Interoperability Technologies (Should have): Interoperability technologies refer to the ability of a
blockchain platform to communicate and exchange information with other blockchain networks,
systems, and protocols. This enables seamless interaction and data exchange between different
platforms, which can enhance efficiency and reduce friction in the market. In the context of STOs for
green bonds, interoperability technologies should be considered important. Interoperability can help
facilitate a more connected and efficient market, making it easier for issuers and investors to access
and trade green bonds across various platforms. This can help promote the growth and adoption of
green finance by increasing accessibility and reducing barriers to entry. However, it is essential to
ensure that interoperability does not compromise the security and compliance of the platform.

4.4.4 Contracts

Smart Contracts (Must have): Smart contracts are self-executing contracts with the terms of the
agreement directly written into code. They automatically execute when the conditions specified in the
contract are met, enabling automation of various processes and reducing the need for intermediaries.
In the context of STOs for green bonds, smart contracts are a must-have. They can automate various
processes related to the issuance, trading, and settlement of green bonds, increasing efficiency and
reducing the potential for human error or manipulation. Additionally, smart contracts can help enforce
regulatory compliance and ensure that the terms and conditions of the green bonds are met, increasing
the overall reliability and trustworthiness of the platform.

4.4.5 Flexibility

Resilience Technologies (Must have): Resilience technologies are measures and solutions designed to
protect a blockchain platform from various threats, such as cyberattacks, technical failures, and
network disruptions. These technologies help ensure the platform's stability, security, and availability,
even in the face of adverse events. In the context of STOs for green bonds, resilience technologies are
a must-have. The financial sector is highly regulated and security-sensitive, making it essential for any
platform handling green bonds to prioritize resilience. A resilient platform helps maintain trust, protect
sensitive financial information, and ensure uninterrupted operations, which are all critical aspects of a
successful STO platform for green bonds.

Scalability Technologies (Should have): Scalability technologies refer to solutions and techniques that
improve a blockchain platform's ability to handle increasing numbers of transactions and users without
compromising performance. These technologies help ensure that the platform remains efficient and
responsive as its user base grows and transaction volume increases. In the context of STOs for green
bonds, scalability technologies should be considered important. As the green finance market expands,
the demand for STOs and related services will likely grow. A scalable platform can accommodate this
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growth, ensuring that it remains efficient, responsive, and capable of handling the increasing
transaction volume without compromising security or performance.

4.4.6 Tokenization

Asset-backed Token (Must have): Asset-backed tokens represent an ownership interest in an
underlying asset, such as a green bond. These tokens are typically backed by real-world assets and
provide holders with rights to the asset's value or income. Asset-backed tokens are a must-have for
STOs in green bond markets, as they directly represent the green bonds being issued and traded. These
tokens help facilitate the issuance, trading, and settlement of green bonds on the blockchain platform.

Security Token (Must have): Security tokens represent an investment in an asset or company, providing
holders with rights to returns, dividends, or other benefits. They are subject to securities regulations
and must comply with relevant legal requirements. Security tokens are a must-have for STOs in green
bond markets, as they directly represent the investment in green bonds and are subject to securities
regulations. These tokens help facilitate the issuance, trading, and settlement of green bonds on the
blockchain platform while complying with legal requirements.
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5. Analysis and Discussion

5.1 Blockchain features and quality attributes

The required features from the STO process in green market defined in previous section, have a strong
relation with functional suitability in quality attributes, with a 15% impact. This implies that the
platform's ability to support these essential functionalities is crucial for the STO process. Additionally,
these features have significant relationships with reliability (10%), usability (11%), and security
(10%), each of which has an impact of more than 10%. This highlights the importance of a stable,
user-friendly, and secure blockchain platform to meet the demands of the STO process while
accommodating the identified features. Moreover, the required features from the STO process have
moderate relationships with product (11%) and supplier (13%) quality attributes. These relationships
suggest that the maturity and stability of the blockchain platform, as well as the reputation and
reliability of the platform provider, play essential roles in supporting the STO process and
accommodating the identified features.

On the other hand, the required features from the STO process have weaker associations with
performance efficiency (7%), cost (6%), maintainability (8%), compatibility (3%), and portability
(6%) quality attributes. These weaker relationships indicate that while these attributes are still relevant,
they have less influence on the selection of a suitable blockchain platform for the STO process
compared to the more critical attributes mentioned earlier.
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3% \‘
& 10%
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@ 1%

10%

m Functional suitability Reliability Performance efficiency
Usability Security Product

= Supplier = Maintainability = Compatibility

= Portability m Cost

Figure 7: Impact of the selected feature requirements on quality attributes

Note: Figure 7 presents the impact of selected features on quality attributes mentioned in the ISO/IEC 25010 and ISO/IEC
9126 standards. These standards provide a set of criteria that are used to evaluate the quality of software systems.

5.2 Decision making result

The relation among quality attributes (column 2), blockchain features (column 3), and case definitions
(column 4) provide insights into selecting the most suitable blockchain platform for an STO in the
green market. By assessing each platform's points, we can determine their suitability based on the
required features and quality attributes.

36



£
:
77,

Permissioniess Ers ]
STO in Green Market Innovation 5 HydraChain ]
Smart-contracts NEO |
Privacy Technologies OpenChain ]
Transaction Speed Hyperiedger |
Ethereum ]
Chain ]
Technology Maturity R3 Corda ]
Resilience Technologies Z JPMorgan Quorum |
Popularity in the market Az Symoiont ]
Permissioned y /,'/' f \
Private .
Security Token
Asset-backed Token

Figure 8: The decision structured blockchain platform Selection for STO

Note: The decision structure involves different columns: the first column shows the decision goal, the second column consists of quality attributes influencing prioritized
blockchain platform feature requirements, the third column indicates feature requirements, and the final column lists feasible blockchain platforms.
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Figure 9: Top-10 feasible solutions for STOs in Green Bonds

Note: Figure 9 ranked top blockchain platforms for running security token offering in green bond context.

Ethereum tops the list with a score of 100, indicating that it is the most suitable platform for an STO
in the green market. Ethereum is a well-established platform with extensive support for smart
contracts and a large developer community, which might have contributed to its high score. Its
support for asset-backed tokens and interoperability technologies also make it an attractive choice for
an STO in the green market.

R3 Corda comes in a close second with a score of 99, suggesting that it is also a strong candidate for
an STO in the green market. As a permissioned blockchain platform, R3 Corda is designed for use in
financial services and offers robust privacy and security features. Its focus on interoperability and
scalability technologies further enhance its suitability for an STO. JPMorgan Quorum, with a score of
98, is another solid option for an STO in the green market. As a permissioned version of Ethereum, it
inherits many of Ethereum's benefits, such as smart contract support and technology maturity.
Additionally, its focus on privacy and resilience technologies helps make it a strong contender.
Hyperledger, scoring 93, is an open-source collaborative project that includes various blockchain
platforms and tools designed for enterprises. Its modular architecture, permissioned nature, and support
for smart contracts make it a viable option for an STO in the green market. HydraChain (85), Symbiont
(83), NEO (81), Chain (75), OpenChain (69), and Stratis (66) all scored lower than the top four
platforms. These platforms may still have relevant features and capabilities, but their overall suitability
for an STO in the green market is lower compared to Ethereum, R3 Corda, JPMorgan Quorum, and
Hyperledger.

The MCDM model results offer valuable insights into the most suitable blockchain platforms for an
STO in the green market. Ethereum, R3 Corda, and JPMorgan Quorum stand out as the top three
choices, with Hyperledger following as a strong alternative. These platforms offer a combination of
functional suitability, reliability, usability, and security that make them particularly well-suited for an
STO in the green market. Decision-makers can use these results to inform their platform selection
process, ensuring the success and sustainability of their STO projects.
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6. Conclusion

This thesis explored the intersection of green finance and blockchain technology. it examined how
tokenization through Security Token Offerings (STOs) could be used to facilitate investment in green
bonds and identified the most suitable blockchain platforms for conducting STOs. The result of this
research indicate that tokenization could indeed provide a powerful tool for facilitating investments in
green bonds. By making the process of investing in green bonds more accessible, efficient, and
transparent. Tokenization can help overcome some of the main challenges currently facing in the green
bond market such as lack of standardization for green bonds, high costs of issuance, and the risk of
greenwashing. Tokenization, through STOs, offers the potential to increase liquidity, and reduce
greenwashing risks. Furthermore, it can enable fractional ownership and improve access to finance for
small and medium-sized enterprises, which could significantly increase the overall volume of
investments in green projects.

This thesis used a multi-criteria decision model to identify the most suitable blockchain platforms for
conducting security token offering in the context of green bonds. The model takes into account a set
of important features for STO in the green bond market, including blockchain permission, market
positioning, integration, contracts, flexibility, and tokenization. Based on functional suitability,
reliability, usability, and security, the research determined Ethereum, R3 Corda, JPMorgan Quorum,
and Hyperledger as the top platforms, with Ethereum emerging as the leading choice. This conclusion
aligns with findings from (Richard, et al., 2021), which also identified Ethereum as the most feasible
solution for the STO process. While (Richard, et al., 2021), positioned Hyperledger, HydraChain, and
Openchain as subsequent choices after Ethereum, our research found that R3 Corda and JPMorgan
Quorum scored much higher when specifically considering STO in the context of green finance. This
difference highlights the importance of considering the unique characteristics of green finance when
evaluating blockchain platforms for suitable security token offering platform.

The result of this thesis can provide valuable insights for investors, issuers, and blockchain developers.
For investors, by understanding how tokenization can make investments in green bonds more
accessible, efficient, and transparent, investors can make more informed decisions. The identification
of the best blockchain platforms for green bond STO also provides clarity about the most reliable,
user-friendly, and secure platforms to use. For issuers, the findings provide a guideline for leveraging
blockchain technology to attract more investors, enhance the liquidity of bonds, and reduce issuance
costs. The step-by-step guidelines to the STO process and the best blockchain platforms for STOs
provide issuers with a clear vision of how they can leverage blockchain technology in the issuance of
green bonds. For blockchain developers, the research provides insights into the unique requirements
of green finance. Developers can use this information to tailor their blockchain platforms to meet these
specific needs. The identification of the top blockchain platforms for green bond STOs gives
developers a benchmark to compare their platforms against them and learn from them. Overall, the
results of this thesis can significantly inform the strategies of investors, issuers, and developers in the
realm of green finance, helping to accelerate the integration of blockchain technology in this field and
contribute to a more sustainable finance.
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